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TWELFTH ANNUAL MEETING

American Society of Agricultural Engineers

OPENING SESSION
December 30, 1918

Mr, F. M. White, chairman of the Committee on Local Arrange-
ments, called the meeting to order.

PRESIDENT'S ANNUAL ADDRESS
DanieLs Scoates,! President Amer. Soc. A. E.

The signing of the armistice has caused the world to change
again its program, and instead of bending all its efforts toward
war it is to return once more to peaceful puisuits. The agricul-
tural engineer has a busy time, no matter whether the world is
at peace or at war. He has even a busier time when his country
is at war, and it might be well to stop for a few minutes and
review his work for the past year.

The agricultural engineer has first of all answered the call of
his country. The A. S. A. E. has twenty-seven members in service.
These men have gone to all branches of the service; most of them,
however, were connected with some part of the army where their
engineering knowledge and skill was of benefit to the cause
such as motor transport service, aviation, ordnance, tank corps
and engineer corps. We are proud of their record.

The engineer connected with educational institutions has been
called on to train men for various branches of the service. Per-
haps the greatest amount of work done was training truck and
tractor drivers, together with repair specialists. Thousands of -
men went to France for this work trained under the supervision
of the agricultural engineer.

The engincers connected and cooperating with manufacturing
plants were also called on to train men; and in addition, to manu-
facture in their factories, instruments of warfare, rather than
the peaceful instruments of ordinary times. They were called to
redesign their peaceful implements in order that they might
become death-dealing devices—perhaps the most widely known
example of this was the conversion of the caterpillar tractor into
" atank, and military authorities tell us it was this machine which
helped to bring the war to such an early end. This they all did
gladly, and their record is certainly one to be proud of.

——ene

! Agricultural College, Mississippi. '



‘e

2 dhéricant Sdciety of Agricultural Engineers

g -

e
LR

A big job was accomplished by the good old U. S. A. in bring-
ing this war to so speedy a conclusion, and we are proud that the
agricultural engineer had his part in it.

Now that the war is over our part is not done. Many dis-
abled soldiers are returning and they must be trained for new
occupations. A great deal of this work will fall to the agricul-
tural engineers, as many of the soldiers are going to want to
go to farms, which will mean that they are to receive training
in agriculture. A course in agriculture these days is far from
complete unless agricultural engineering gets its share. Shortage
of labor is to continue for some time, hence farmers must use
newer and larger machines. The tractor must be utilized to a
greater advantage. This calls for the agricultural engineer to
institute educational work along these lines, such as gas engine,
tractor, and farm machinery short courses.

War is a friend of improved farm machinery and motors, in
that it shows the advantages to be derived from the use of ma-
chinery; it broadens the entire world because of an intermingling
of its people; and it shortens the supply of labor, which makes it
necessary for men to use labor saving tools.

There is no doubt in the speaker’s mind but what the greatest
year for agricultural engineers is just ahead of us. The stage is
set and the people are ready for a big year’s work, and it remains
only for the actors—of which you, Mr. Agricultural Engineer,
to take advantage of the wonderful opportunity.

are one

OFFICE OF PUBLIC ROADS AND RURA'L ENGINEERING

The passing of L. W. Page, director of the Office of Public
Roads and Rural Engineering, came as a shock to all who knew
of his excellent work. While Mr. Page was not a member of this
particular organization, he was at the head of the Government
work along this line. The vacancy left by Mr. Page will no
doubt be filled before long by Secretary Houston. It would be
materially to the advantage of the agricultural engineers of this
country if the appointee was a member of this organization and
in sympathy with the entire field of agricultural engineering. I
would, thercfore, urge each member, if he had not already done
.80, to write to his congressman urging him to use his best efforts
to have such a thing brought about.

FINANCING THE SOCIETY

I appointed a special finance committee this vear to look into
the methods of financing this and other like societics, and to make
a report with recommendations to this mecting. The time is here
when we should have a ‘permanent sccretary, and I trust this
committee will tell us how it can be done.
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PUBLICITY

Every president soon learns the need of more publicity for this
organization. 1 appointed a publicity committee this year and
it has done excellent work; however, we are still suffering from
lack of publicity. A permanent secretary would no doubt help
this matter.

MEMBERSHIP
The secretary tells me that there are 50 new members en-
rolled this year. This is as well or perhaps a little better than
has been done in late years, yet the membership could stand
a much larger increase. We must make the society so vital that
an agricultural engineer cannot well live without it.

THE HANDBOOK

The speaker’s ambition was to have a handbook started during
this year. This was not accomplished, due to the large amount
of war work that the members of the Data Committee were called
on to do. However, it is hoped that this project will be pushed
during the coming year, as there is no one thing, other than a
permanent secretary, that will so help to forward this organiza-
tion’s interests as a handbook.

I wish to take this opportunity to thank all officers, committees,
and others who have assisted in this year’s work.

DRAFT TESTS OF FARM MACHINERY!?
E. J. STirNiMAN,* Member Amer. Soc. A. E.

Comparatively little data have been published on the drawbar
pull of the various farm implements other than the plow. Re-
cently more interest has been devoted to power required to oper-
ate a few of the other farm machines. You have, no doubt,
noticed many of the tractor manufacturing companies rate their
tractors in terms of plow bottoms as well as horse power. This
brings about the question, ‘What is a certain tractor’s pulling
capacity in terms of the various farm machines?” In order to
answer this and similar questions, it is no more than rcasonable
that we discontinue part of the plow testing or tractor testing
with plows and devote more time and energy determining the
drawbar pull required to operate a few of the other farm imple-
ments.

There are a number of reasons why the plow is favored for
testing purposes; but, in symmarizing, it seems as though man in
this respect is similar to electricity “following the lines of least

———

! Paper read by C. K. Shed, ber Amer. Soc. A. E.
2 Washington State Collegc,dbxfzan, Wash.
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resistance.” Du;ing the past year Professor James B. Kelley
and myself conducted at the Iowa State College, Ames, Iowa, a
series of drawbar tests on the power required to operate various
farm machines. The following report is a brief review of the
tests as taken from our original report.

METHOD OF CONDUCTING TESTS

As far as possible, the machines operated were used on the
farms, and they were tested as adjusted for actual farming con-
ditions. Most of the field machines were of the horse drawn
types; however, in these tests they were pulled by tractors or

trucks.
INSTRUMENT USED TO DETERMINE DRAFTS

The instrument used to determine the drafts of the machines
was the Jowa dynamometer. The dynamometer was calibrated
before starting, and again after part of the test had been taken.
A curve was plotted from which we could easily read the pull
in pounds by measuring the height or average heights as indicated
on our dynamometer card.

HITCHES

The dynamometer was hitched direct between. the tractor or
truck on light draft implements; but on the heavier draft
machines, a reducer hitch was used. The reducer hitch was
arranged so only one-third the draft was effective through the
dynamometer. This eliminated the possibility of exceeding the
dynamometer’s spring capacity.

MACHINE CLASSIFICATION

The machines were classified according to the agricultural engi-
neer’s classification for farm implements. This method was used
to facilitate filing, and also to give a standard system of referring
to the test and others which may be conducted later.

IMPLEMENTS TESTED
1 Full disk harrow
Spader disk harrow
Cutaway disk harrow
Spike tooth harrow
Culti-packer land roller
Corrugated land roller
Grain drill
Corn harvester
Potato digger
Manure spreader.
Engine gang plow, (3-14 in. bottoms) not reported.
Engine gang plow, (2-1¢ in. bottoms) not reported.

Pk bk bt ek pmd bd ek et ek bed b
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Disk Tests.
(Classification Number .411-B)

The disk tests were run on oat and corn stubble fields on the
Ed Morris farm 2 mi. N. and 4 mi. W. of Ames, Iowa, and also
on corn stubble and alfalfa sod fields, fall plowed, on the College
farm north of Squaw Creek.

SPECIFICATIONS AND DESCRIPTION:

Full Disk (P. & O. Star)

Manufactured by Parlin Orendorfi Company, Canton, Ill

The machine used was a single section three lever 10 foot full
disk, having 20 disks 16 inches diameter and spaced 6} inches
apart. The total weight of disk, including tongue truck, was 710
pounds,

Spader Disk (Canton)

Manufactured by Parlin Orendorff Company, Canton, Il

The machine used was a single section three lever 10-foot
spader disk having 20 disks 16 inches in diameter and spaced G}
inches apart. The total weight of disk, including tongue truck,
was 680 pounds.

. Cutaway Disk ’
Manufactured by The Cutaway Harrow Company, Higgamin,
Conn.

The machine used was a double section cutaway 61 foot disk
having one rigid frame over both sections.

The angle of the gangs are adjusted by two levers. Each
gang has 6 disks 16 inches in diameter and spaced 6 inches apart.

The total weight of machine was 540 pounds. This machine
had been used for several years but was in fairly good condition.

OPERATING CONDITIONS FOR DIFFERENT FIELDS
Oat stubble field: v

The soil was a black sandy loam, covered with stubble about
6 inches high. The field was comparatively level. The surface
was hard and dry, such that the disks would penetrate only 1}
to 2 inches deep when set at their maximum angle, and loaded
with additional weight. The work was not satisfactory.

Corn stubble field:

The soil was a black sandy loam having a dry compact surface
which was in a good tillable condition. The ficld was compara-
tively level. The disk penctrated from 2 to 3 inches deep when
loaded with additional weight. The stubble was 6 to 7 inches
high and frec from large weeds. The rows were ridged 3 to 4
inches, due to cultivation. The work was satisfactory when work-
ing across the ridges.
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Corn stubble field, fall plowed:

The soil was a black sandy loam, slightly rolling and in a good
tillable condition. The disk did favorable work, cutting 43 to 5
inches deep. The field was plowed 6 to 7 inches deep about 2
weeks before the test was conducted. A few of the corn stubs
were exposed, which caused the disk to clog occasionally.

Old alfalfa sod, fall plowed:

The field, which was slightly rolling, consisted of a black sandy
loam. The sod was a combination of alfalfa and bluegrass, having
a larger proportion of the latter. The disk did fairly satisfactory
work, cutting about 4 inches deep. The west end of the field
was practically level and the soil was in a good tillable condi-
tion, but the cast end had an abrupt slope which was rather wet
near the bottom.

Note: The speeds of the different disks on the same field are
approximately the same as shown by the individual tables.

The following table shows the manner in which the data were
compiled. The table heading, card number, time, distance and
remarks were tabulated in the field as the tests were conducted.

DYNAMOMETER TEST DATA OF FULL DISK ON OAT STUBBLE
FIELD

(TasBLE No. 1)

Additional Wt.=215 Ibs. Total Wt.=925 Ibs. (Spring Deflection=815 Ibs.

per inch.)

-
172) % «
3 Card 9
Card | % 8 8 8 Remarks
No. v e g » I— 10/12/17
EZ 2 5 Ave.| £2 |
es Q— ,’: a Area | Lgth H(.‘ I-'c - )
* | ]Disk sct, angle—
1 0-37.8 167’ 9” 3.022 8.61 | 15.15 .5683 | 463.16 | 3.72 [19° -0’ first notch
| | '1)isk set, angle—
2 1- 8.4 | 338 6" 3.38 21.0 ] 31.75 | .6614 | 539.0 | 4.85 [19° -0’ first notch
\ | I] Disk set, angle=
3 0-21 99’ 6” 3.29 5.03 | 8.812 ] .570 | 464.55 | 4.07 119° -0’ first notch
| | | | | | \Disk set, angle=
4 .1 052 | 238 6" ] 3.3 | 14.05] 23.313 | 602 | 490.63 | 3.93 |19° 0 first notch
| | | |l | Disk set max.
5 . .| 0-27 132° 87 | 3.342| 7.3 ]11.06 | .644 | 52486 | 4.67 |angle =20 -30°
| | \ | | | Disk set max.
6 .. | 0-39 174" 3”7 | 3.8 11.03 | 16.125 | .684 | 557.46 | 4.86 jangle=20" -30’
| Disk set, angle—
13° 0’, 4th notch
7 . ..1049 239 0” | 328 9.50 | 228 1] .415 | 338.22 | 2.96 |irom front
l Disk set. angle—
13° 0°, 4th notch
8 .. )12 30" | 3.39 13.33 | 27 480 | 391.2 | 3.58 [from front
101318
: Disk sct straight,
814 L 0-34 167° 0 | 3.35 2.57 175 |1 1426 | 1.27 Ino angle
\ \ \ Disk set straight,
81 . l0-23 121" 47 3.598 2.25 190 | 15485 | 1.48 Ino angle
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DYNAMOMETER TEST DATA FOR SPADER DISK ON OAT
STUBBLE FIELD

(Tamie No 2)

Adtional W.=215 Ths.  Total Wt.=895 Ihs. (Spring deflection =815 Ibs.
per inch.)

g -
£ &
= . . Card g
H H 2 Remarks
<. v o ¥4 —
Zz £z ki Ew A L Ave. .g_’:i 9
veiER ) & sg |Avea| Leth) 'y | 8= =
' \ ‘ ﬁ | I Disk set at max.
9 1-12 ‘ N0~ 3495 3018 | 34.15 | 8855 | 72168 ' 6.72 'angle 215" -3¢0’

| ‘ 4 | | IDisk set at max.
1 0-22 107 8" 3.331\ 881 | 97 908 | 740.0 1656 angle 15 -3

|

iDisk set at angle
110" 0" 3rd notch
0-15 68" 107 3.2 386| 6.12 | .631 | 5142 | 4.27 'from front

Disk sct at angle
=10% 0" 3rd notch
4620 | 3.54 ‘from front

0-%.11 1110”7 2018." 593|1048 .567

(Disk setan angle
=13° 4" 2nd
notch from front
Disk set an angle
=137 4 2nd
1S notch from front
\ H Isk sct straight
0135 52 lO"l 2.662 164[ 4.43 l .37 301. 55 2.14 lno angle
| [Disk set straight
0-33 220.86 ' .185'no angle

[ 631 |
| |
I
t zwo"‘ 25 k 15791 9.02 kszo ‘67!6 4.58
.

5.5, 165'8"; 3.0 \ l"l,?(15875| 773 | 630.0 SOJ

|
|
.
|

168

l 153'o"| 3.1saj 3.93‘ 14.5 \.271

COMPARISON TABLE OF SPADER AND FULL DISK TESTS ON
OAT STUBBLE FIELD
Summary of Tables 1 and 2

(Tasiz No. 8)
Spader Disk

-
v
o Per Foot of
3 B &3 Width
Notch of Lever. o o> Ty T
v L9 OyvET v .. 055
—_ ] ¥3 2 M v 3
33 &a Rali-R ~3 > © Av
£ d g2 | ookt x | S22 <k ] Wt NS
<0 [=]=) ZeCH | Az 3 HP
Maximum 11,-2" 477° 8" 3.413 | 6.64 89.5 664
2 - 368" 8" 2.78 48 89.5 48
“ 1707 10" | 3.001 39 89.5 .39
“ 25 10”7 | 291 1.162 | 89.5 1162
Full Dizk
120030 | 1-2" 306 117 | 3.1 4765 | 92.5 476
19° . 844’ 4” 3251 4392) 925 439 -
13° “ 548" 0" 33351 3.245| 925 324
0° “ 288" 4" 3474 ) 1375 | 925 137

Note: (Fields having a 2 percent grade or less are classed as level for all
disk 1ests.)
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EXPLANATION OF RESULTS

A comparison of the test data of table 3 shows that the full
disk requires less draft per foot of width than the spader disk,
when doing the same quality of work on an oat stubble field.

This is shown more conclusively by comparing the tests of the
disks when sct at the same angle, 13°. The spader disk, although
weighing 3 pounds less per foot, required .156 more horse power
per foot of width to operate it. This is also shown by compar-
ing the data when the gangs were set at their maximum angles.
The full disk set at an angle of 20° 30’, required .476 horse power
per foot of width, while the spader disk set at a smaller angle,
(15° 30") required .66+ horse power, or a difference of .188
horse power in favor of the full disk.

The draft required per foot of width for both disks when set
straight (no angle) was approximately the same for the given
field conditions.

Each card was marked immediately after the run. The re-
marks, as place in the ficld, set of machine, etc., were also put
on the cards as well in the proper column of the report sheet. In
order to avoid using considerable space, it will be necessary to
eliminate most of the ficld data tables, and give only those of
comparison and summary.

TasrLe No. 6
Spader Disk
Test on level - Per foot of
Notch of Lever K Ground & width
28| £3 L5
g o No. of | Ave. | =5
3| &A feet | up | =@ [WtAve HP
Maximum .| 15°307 | 277237 521" 87 S.44 | 2683 I 89.5 544
2 13° 0 “ 359’ 3" 4.42 2.621 | 89.5 442
4 . et eeneaee s i cearerenine 7° 15 o 109° 4% 3.48 3.383 | 89.5 348
0 e nenenrene e 0° “ 157* 3.57 3.85 , 89.5 357
Full Disk
L0 | 27-3 450" 6 3.54 2953 | 92.5 354
15° 307 “ 153 6" 3.325 | 2.862) 925 335
4 . 13° “ 1877 2" 3.06 2962 ) 92.5 306
0, 0° “ 129° 0” 211 2924 925 211
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COMPARISON TABLE OF CUTAWAY AND FUL

Summary of Tables 7 and 8
(TaBie No. 9)
(‘uta'a'm; I)ou(»lr Disk

15

I. DISK TESTS
ON CORN STUBBLE FIE LD, FALL PLOWLED

== o o )
Test on Level " Per Foot
K Ground 3 of Wiath
Notch of Lever ve =3 n:: '
HE Lot P
S &8 |Vo.of Ft. e s& = z=
— | Yoot ¥ |y BE| =
Maximy ! ' " ; i i
o ‘IW Ldesm 1 211007 ) 27251 159 L1036 | a6
. B R % o B
4
o S 306" 8” | 1836 | 1832010846 [ 281
0
e ] e
—— Full Disk
Maxi ] - \
ximum Cees ] syt e l 217 88 ! w73
3o
[ o] 26| w | s
L
| ( “ L8737 | 3ess | 2137 88 | L3655
L.
T e L _I! 0* ? “ ) %" 6 2% 2059 " i

CO.\]PARISON T
ON ALFALFA §
Summary of Tables 10 and 11
(TasLe No. 12)
—_— Cutaway Disk

Test on Level

ABLE OF CUTAWAY AND FULI, DISK TESTS
OD, FALL PLOWED

Per Foot of

3 Ground ‘g’ Width
Notch of Lever v =7 v:_"" -
Y- <2 Av < . =
23 | Ff |Nooire [NvG | 2L s L=
—_ <« [=1a) z = = -
—_— T .
Maximu | o0 o | i
: Mo . |’ 18° ‘ 347 4570 3" 0 3445 || 187 | 108.46 | 53
T i 1° \ “ 242 0 l 2,626 1.&30 108.46 ‘ 403
4 DR
0 T i 5 I 184" 7 ‘ 2.06 1,3,3 1836 | 308
\ ..... — e I| 0* “ “ I 91’ 107 ' 1.74 i 1'935 108.46 l 268
e R [ |
Full Disk [
lhxim
3 um ‘ 20° 30" | 31547 ! 250" 17 \7 1.94 88 A9
4 T L U15° 3 “ ‘ g \ 1.967 88 35
) e . II 13° o } \ 179° 107 3.635 2027 88 .363
e, \ 133 6 | 29 2.14 L R
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EXPLANATION OF RESULTS

The draft per foot of width of the double cutaway disk on old
alfalfa sod, fall plowed, was not much greater than that of the
full single disk, and the work done by the double disk was more
satisfactory. ’ )

SUMMARY TABLE OF DISK TEST DATA

(TasrLe No. 13) .
Full Disk Spader Disk Cutaway Double Disk
Per foot Per foot Per foot of
- of Width| 5 of width | width
Field ° ] ° I ° “
un Q B . —_n e . . wn [ . .
CHENE R ICR - B S R R T ) S
<& (== <@/ <g 52 T lEs |52 =
Oat .
Stubble |20°303.311] 92.5| .476 | 15° 30 | 3.413 | 89.5 | .664
19°0 [3.205] 92.5| .439 |13°0 [2.78 | 89.5 | .48
Corn
Stubble |20° 302953 | 92.5 | .354 [15° 30| 2.683 | 89.5 | .544 EN (S
15° 30 | 2.862 | 92.5 | .335 |13°0 |2.621 | 89.5 | .442
Corn
Stubble |20°30]|2.127 88 | .4073 18° 0 | 1.549 | 108.46 | .416
Fall )
Plowed |15° 30 2.106 88 | 4185 .o JRRISSIN PR 11°0 | 1.71 108.46 | .324
Alfalfa
Sod ....[20°30|1.94 88 | .409 18° 1.87 | 108.46 | .53
| 15° 30 | 1.967 88 [ .35 JEURIOION [SURUIUION IO [ I § B 1.889 | 108.46 | .405

Harrow TEesT
(Classification No. .411-¢)

Test of Spike Tooth Harrow on corn stubble field, fall plowed,
College Farm north of Squaw Creek, November 8, 1917.
Manufactured by The International Harvester Company,
Chicago, IlL

SPECIFICATIONS AND DESCRIPTION:

The harrow consists of four 6-foot sections. Each section is
composcd of five bars having seven teeth each, with the teeth
extending 5 inches below the bar. It has a stiff stecl frame. The
angles of the teecth are adjusted by a lever. The four corner
teeth have curved upper ends which act as runners for transporta-
tion when the teeth are thrown parallel to the ground. The total
weight of the harrow is 548 pounds.

OPERATING CONDITIONS

The test was run on a corn stubble field which was fall plowed
6 to 7 inches deep. The soil was a black sandy loam and fairly
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dry. The field was free from large hard clods but the surface
contained corn stubs that had not been well covered. The soil
worked down well and adhered to the harrow to a very slight
extent. The work was very satisfactory. For the first test four

sections were used placed in pairs and tandem; and in the sccond
test the rear pair was removed,

DYNAMOMETER TEST DATA OF A SPIKE TOOTH HARROW
(Tasee No. 14)

- (Spring deflection =815 Ihs. per mci) o ~

o ,

A 5 2
- |8 5.8. n-g —_— Remarks
PSIERS] 22 ) &y 38| a
“leEd| As | 58 | 85 | &
e el Bl RGN | e
1

. S5 1105 | 182 762.7

4 . nearly a right angle
3 Scctions
08 11049 | e 7647 | ss0

2 wide

-

th notch from rear giving

3

§
iv\‘ﬂ?m 196 | 611 3

- and 2 dceg o
. a J7° angle
105 | 7m0 1955 3.

N

2 e Used 4 SM"’L angle of teeth being
L0855y | a7 | 06 | 34

5 ..
10825 g5 | 1 g

LI
|60 |
336 1.67 ‘th notch from rear giving
; | — Used 2
7 0-33 - 5
91-3 1878 | 3405 1.7 Sections
447

~ — —— A~

a 37° angle
L
%"’7\4 1922 2.8 \ 2 wide
S o W77 | 195 | ws 231 jand 1 deep) maximum angle
l\ L | 2n
10 i

105 |159‘9 1.906 | 435 2.2 max. angle up 3447 grade

EXPLANATION OF RESULTS

Only one make of spike tooth harrow was tested. A compari-
Son between single

and double harrowing was made.
3.63; l;i!ﬂ;lmum average horse power from tests | , 2 anq 3 was
Daire ( when Pulling the four sections hitched in pairs with
of gofl’n t'"flem) with the teeth adjusted at their maximum angle
gl With the same hitch as described above, but with the
B of teeth et at 37° the average horse power was 3.20 (HI)
s shown by test 4 and 5.

[ AVerage maximum horse power from tests 8 and 9 when
an ]lng one pair of sections with the teeth set at their maximum
8¢ of 90° yaq 2.295 HP, but with the same hitch, with the

teeth changed to 37° the average horsc power was 1.338

a8 showp by tests 6 and 7.
fsnbtucﬁ"g the average maximum horse power of the tests
Of the two sectio

ns which was 2.295 (HP) from 3.633 (HP), the

v
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average maximum horse power from the tests of the four sections,
gives the average maximum horse power 1.338 (HP) required to
pull the second pair of harrows over the same ground.

The difference in draft between the first and second harrowing
was considerably less when the teeth were set at an angle of 37°.
In this case the draft for the four sections was 8.2 (HP) and
the draft for the two sections being 1.685, gives a difference of
.17 (HP) for the second pair of harrows; whereas, for the test
of the maximum angle of teeth, the difference was .953 (HP).

The average maximum draft for single harrowing was 2.295
HP or .191 HP per foot of width; whereas, the draft for the
second harrowing was 1.338 or .111 HP per foot of width.

The average draft for single harrowing when teeth were set at
an angle of 37° was 1.685 HP or .140 HP per foot of width,
while the draft required for the second harrowing was 1.515 or
.125 HP per foot of width.

Lanp Rorrer TesTs
(Classification No. .411-F)
Test of Culti-Packer and Corrugated Rollers on the E. Morris
farm 2 miles N. 4 W. of Ames, Iowa.
October 6, 1917.

CurLti-Packer-RoLLER
Manufactured by Dunham Company, Berea, Ohio.

SPECIFICATIONS AND DESCRIPTION:

The roller consisted of two corrugated sections, the front
section having 21 wheels, 15 inches in diameter and the rear 22
wheel 22 inches in diameter. This machine is seven feet wide,
weighs 1040 pounds, and being new was in good condition. The
additional weight used was a 145 pound man.

CoRrRUGATED ROLLER

Manufactured by The Wilder Strong Implement Company,
Munroe, Mich.

SPECIFICATIONS AND DESCRIPTION:

The roller consisted of one 8-foot corrugated section having
32 wheels, 18 inches diameter. The machine was new and in
good condition. It weighed 1210 pounds and carried a 145
pound man.

OPERATING CONDITIONS

The test was run on a level wheat field recently seeded. The
soil was a black sandy loam, the surface of which was medium
lumpy, having 5 to 6 inch clods which were dry but mellow. The
result of the work was very satisfactory.
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CORRUGATED ROLLER (WILDER STRONG)

. (Tasiz No. 16)
i
Card ¢
Card .E 8 § 2 Remarks
No. | @ ) 53 | el e ]sa < 10/6,17
Efg | = S| 5| w|<m| SF | &
B0 [RE |88 < | FR | =
1 |
0 ..]osn2 169 } 2,006 4.61'5'10.651 427 | 348 1.85
.z 367 1205 |12.63 34.1G| .371 | 281.36 | 1.53
B 02% | 397 [1908| 1e0m 3325 | 424 | 3456 19|
b 2L 701 14.09 ] 3325 | ,

RESULTS OF ROLLER TESTS
(TasLz No. 17)

Minimum HP Maximum HP Average HP .
N f § e |8 - = ;35
ame of rojer ; “e & kﬁ a t-".:, —_ g

Q| vm Vg ] Sy

=158 |sy |88 is D3| 8%

B 5Eia| |28 (a2 o 8 2. B

. _ [ZS| =W [ B2 x| 2 = 1 ° |
Culti-Packer | g5 100 | 11| 27 | 2982 { .ass 1,527! 1818 | .218 169.28
Wilder Strop ,
gated .21 169.3
T 153[ 205 | 191 | 185 | 2006 21117231 2001 [ 215 | 16937

GRAIN DriLL Tests

(Classification No. .412-C)

drill on a potato field % mile south of campus,
November 23, 1917.

Manufactyreq by Superior Drill Company, Springfield, Ohio.

Test of Superior

SPECIFICATIONS AND DESCRIPTION:

fThe drill useq Wwas seven feet wide and had 12 single disk
'Il‘ll:'row obeners, 13 inches in diameter, spaced 7 inches apart.

e force feeq device was of the double run type. 'The machine
Va8 old but in goeq condition and weighed 830 pounds.

OPERATING CONDITIONS

The test Was run on a level well compact seed bed from which

la TP of Potatoes had been removed. The soil was a black sandy
oA and in 4 good condition for seeding.

y -y




20 American Society of Agricultural Engineers

DYNAMOMETER TEST DATA OF SUPERIOR GRAIN DRILL
(TasLE No. 18)

(Spring Deflection 815 Ibs. per inch)

& .

=9 S, § 2 Remarks
Card No B &3 ns S 11/23/17

Eg | 27 | 25| 8% | &

T —— He Q.8 =a | k=] o} .
T Max. depth 214" drilling 2 bu.
1 0-30 1144 | 2594 | 173 1.19 | of oats per acre.

Max. depth 214" drilling 2 bu.
2 0-33 112-0 2.516 167.2 1.12 | oats per acre.

Drilling 2 bu. per acre and
3 ] 1222 271-3 | 2.253 | 205 1.23 | 2” deep.

Machine in gear but furrow
4 | 0-54 177-8 | 2.234 67.9 .404 | openers out of ground.

Machine out of gear and fur-
5 0-15 42-5| 193 100.6 .515 | row openers out of ground.

EXPLANATION OF RESULTS

The field conditions were such that no doubt the minimum horse
power required to operate this drill is given in the above data.
As no other machines were tested or tests run under other field
conditions, the above data stands without comparison.

The only explanation I can give for the varying results is that
due to the slight variation in the condition of the surface of the
field. '

CorN HArvesTER TEST
(Classification No. .413-B)

Test of McCormick corn harvester on E. Morris farm 8 miles north
of the college, November 9, 1917.

Manufactured by International Harvester Company, Chicago, Ill.

SPECIFICATIONS AND DESCRIPTION:

The machine used was a vertical binder with regular attach-
ments, having a bundle carrier but no tongue truck. Weight 1420
pounds. The binder was in very good shape for cutting corn
although it had been used for several years. A man weighing 165
pounds rode on the seat.

OPERATING CONDITIONS

The soil was firm and dry. The field was free from weeds
except close around the corn hills. The corn was frosted and dry.
The stand was very poor. The corn was checked and hilled
medium,
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DYNAMOMETER TEST DATA OF CORN BINDER
(Tazte No. 19)

(Spring Deflection 815 Ibs. per inch.)
—_—  VPTnE e

g

so| v - )
Card No, f‘}j g; n.§ _ﬁ R’elmgan-xgs

X v . /9,
§'§ 2 = o o
‘ Ha Q.E 25‘. (..% feof

— _T"1R% [ Ed | Fs | -
1
- “O'L‘B&Z_‘j_‘d 40 |_3,%_l_ﬁ)}lr_bquhjs dgrin'g_tfst.
L\;;' 08 |15 ' 24705‘ 29 | 21

SLlf!lree bundles gl‘uringA(f.slr.«

—H'\;"\J 0-30 | 10-2 293 ‘ Jﬂiﬁlﬁg_pumlles during‘t('s;t.~
__\;&%JJL,_
H

\Ww 2.53 [ Six bundles during test.

] es |242—3 ‘ 3‘034‘ ?76,5\ 2.23 \Six bundles during test.

5 1116 17
_?fi_l_’ﬁf,,l 2-&42,' Rr-r ' 98}_“}1;_.:!11{\(- pulled out of gear.

2_| Machine pulled out of gear.

2
Machine pulled in gear but
1.65 not cutting corn.

?

|
8 ' , | |
\;JI_H-JEH (3438 1227 112
. 7

| |

Lo low o | 0

Machine pulled in gear but
\‘O‘LIISI—G ‘&ﬂi‘ 2.33_‘39( cutting corn.

R ' l ‘ | - Machine pulled in gear bhut
ol 012 | 8o 342 20 ‘ 2.9 ‘LO‘, cutting corn.

12 | Machine in gear and entire

binding apparatus working
\\0})\_]‘15'0\3571“_291_‘*2_81 ‘bpt not cutting corn.

l Machine in gear and tl;‘!.il’t'
binding apparatus  working
140-0 3.074 | 309 2.52 | but not cutting corn,

B -

EXPLANATION OF RESULTS

gi‘z:s:h?;alx.m Table 19 being run in the heaviest stand of corn
this place jp ;’l‘)‘“m horse power that was obtained in this test. At
0 feet; wh N ﬁ?ld a bundle was collected approximatcly every
withina,ranereas’ In tests 2, 3, 4, and 5 a bundle was collected

e of 29 to 40 feet,

The
2 fair :::::ge of the tests Was 2.5 horse power which would be

¢ for any field it} iti erated
under Operation condit)i'Ons, with conditions such as enum
le w::;;xll‘mum draft (863 pounds) was obtained just as the bun-
CUrve at t}(; ed out. This was found by measuring the height of the
drafy (4-006 Point of diSCharge. Comparing the average maximu:p
um drafy pounds) which is found in test 1, with the above maxi-

mnd of 863 pounds shows that at the moment of discharge the
S more thap double the average.

Th . .
e draft wi]) vary from less than 190 pounds when not cutting
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to above 800 pounds when cutting and discharging a bundle, as
shown by card 9 and the maximum as explained above.

Tests No. 7 to 13 inclusive were run on November 16th, threc
days after a rain, which caused the result of the tests to be some-
what higher than they would have been if completed on Novem-
ber 9.

- Porato Diceer TEsT
(Classification No. .413-G)

Test of elevator potato digger on a potato field § mile south of
campus, November 22, 1917.
Manufactured by Dowden Manufacturing Company, Prairie City,
Iowa.

SPECIFICATIONS AND DESCRIPTION :
This machine was a chain bar elevator type of digger. The
width of elevator was 22 inches, and of cutting edge of blade 20
inches. The machine had four wheels, two drivers and two for
the tongue truck. It weighed 1040 pounds.

OPERATING CONDITIONS
The test was run on a potato field of which the crop had been
removed. The soil was a black sandy loam and in a good condi-
tion for digging. The field was free from weeds.

DYNAMOMETER TEST DATA OF AN ELEVATOR POTATO
DIGGER
(TasLe No. 20)

(Spring Dcflection 815 lhs. per inch.)

E . v - »
=9 o, 3 2 Remarks
Card No. v S0 ws —_ 11,22,17
! [ R H e
Eg «= | 2w = £
- = a “ C —
e A.E 2a | Fo =
Lever set in 4th notch from
) S 1-20 2386 | 2034 | 1239 6.68 | front digging 7” deep
Lever set for max. depth dig-
2 ] 1412 124-8 1.178 | 1876 5.88 ging 10” decp

l Le\er sct for max. depth dig-
3 e 1-22 1214 1.007 1881 5.01 ging 10” decp.

‘ Lever set at 6th notch dig-

4 eieeire] 0-25 83-2 2.234 | 1567 ging 10” decp.
- Machine in gear but out of
[ J—— i 0 { ] 80| 219 144 774 | ground and run on firm soil
‘ in tractor yard.
§ o] 030 | 109-3| 248 | 1793 | 1.3 |

of ground, run on firm soil in
0-27 860 | 2.168 88 507 | tractor yard.

‘ I Machine out of gear and out
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EXPLANATION OF RESULTS

This test was conducted on a clean potato field from which the
crop had been removed and the surface left in a level condition.
Tests 1, 2, and 3 would give what I consider about the maximum
draft required for digging in fields of this type of soil. The
draft would no doubt have been less in this type of soil if the
rows had been well hilled up, because the soil then would be in a
looser condition which would allow it to pass sooner through the
shaker elevator, and also on account of the wheels running in the
furrow the soil would not be lifted to such a height. The 9.3
horse power which was obtained in Test No. 4 was due to the
blade striking a very compact subsoil which was probably due to
shallow plowing.

Ma~Nure SpreabpErR TEst
(Classification No. .417-B)

Test of spreader top dressing oat stubble field on the E. Morris
farm 2 miles N. 3 W. of Ames, Iowa, November 17, 1917, and
December 1, 1917.

New IDEA SPREADER

Manufactured by New Idea Spreader Company, Coldwater, Ohio.

SPECIFICATIONS AND DESCRIPTION:

The spreader used had a capacity of 55 bushels and consisted
of a double beater with distributer and an endless conveyer run
over solid box bottom. The rate of unloading was varied by a
lever which regulated the spread of the rachet mechanism. The
beaters were operated by a chain and sprocket wheel drive which
is governed by a lever on the left side of the driver’s seat. The
rate of unloading could be varied from four to twenty loads per
acre.

OPERATING CONDITIONS

The test was run on a comparatively level oat stubble ficld.
The surface of the ground was dry on November 17, 1917, but
due to a heavy rain it was wet and slightly sticky December 1,
1917, The manure hauled on November 17 was short, dry and
compact. This material was removed from a hog and cattle barn
vard. The manure hauled on December 1 was wet straw from
around a feed bunk. This manure had been deposited within two
weeks previous to hauling.
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SUMMARY OF MANURE SPREADER TEST RESULTS
(TaBrLe No. 23)

Weight —Miles per_hour Horse Power
Kind of Rate of |
Manure unloading Total| Net [ Max.| Min. | Ave. Max.| Min. AI:') (ff
a
No load out | 1 T 12,1/17
of gear ... i 1980 | 0. . o] 212 |50
No load out ‘ | | |
of gear ... Max. 1980 | O oo | I L2102 I E— 741
Max. 17
Wet straw ..| loads per 4200 | 2220 | 2.51 2143 | 2.204| 3.74 | 1.98 | 294
acre
Max. loads -
Wet straw .| per acre 3880 | 1900 | 2.644 | 2374 | 2.453 | 4.75 | 2.50 | 3.58
Loaded and
out of gear.. 4200 [ 2220 ||| 2178 e 238
Max. 14 11/17/17
Yard loads per 5570 | 3690 2202 | 2162 | 2280 | 3.24 [ 1.71 | 2.9
acre
Max. 14
Yard ... loads per 5315 | 3335 | .2.048 [ 2.102 | 2.084 | 2.82 [ .831| 2.015
acre
T |~ Notch 2 ’
Yard .o 12 loads per| 5430 | 3430 | 2.34 2.32 2.27 | 298| 1.51 | 2.53
acre _
Notch 4
Yard ........|11 loads per| 5320 | 3340 | 2328 | 2.282 2.263 | 3.81 | 2.06 | 3.07
acre
Loaded and
out of gear. . 8315 1 3335 [l | 202 196 [ 1.55 | 1.55

EXPLANATION OF RESULTS

In comparing the results of unloading the two kinds of manure
as specified under operating conditions, the straw manure
although weighing less per load required the greater draft. This
would naturally be expected because wet straw manure will hang
together and must be separated by the beater; whereas, dry yard
manure is partially pulverized when loading.

The maximum horse power when unloading dry manure was
3.7 (HP) which was obtained when unloading at the rate of eleven
(11) loads per acre. The reason for this horse power being the
greatest although unloading at the slowest rate was on account
of the manure being more compact and therefore required more
power to pulverize it.
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MAXIMUM HORSE POWER FOR MACHINES TESTED
(TasrLe No. 31)

. . Weight T -
Machine Size Mach| Load Work Field Max. | Miles
ine HpP per hr_.
Star Full 1%4-2" deep max. i
Disk . o 10fe | 7101 215 | angle ... .. . | Oat stubble ' 486 3.3
‘ -
Star Full 2-3" deep max.!
Disk ... 1 10ft| 710] 215| angle .. | Corn stubhle 3R2 287
Star Full ! 415-5" deep max.| Corn stubble
Disk t_10fe. | 710] 170 | angle ... fall plowed . 432 | 216
Star Full l 314" deep max‘! ,
Ilis»k_ . W0f | 710 ] 170 1 angle . | Alfalfa sod 426 | 196
Canton 114-2" deep max. !
Spader Disk 110 ft .| 680 | 21§ angle ' Qat stubhle 672 | 349
S _
Canton 2-3" deep max. ’ ‘
Spader Diik 10t | 680 | 25 angle Corn stubble | 675 | 3w
2 sec. \ \ l 45" dt'(p ‘max.| Corn stubble ‘ ‘
Eﬂalqy Diski 66" | 5401 1651 angle . . | fall plowed 7 299 | 160
l 2 sec. \ l 34" deep max.| ' \
Cutaway Disk| 6’6" | 540! 165! angle . . . ! Alfatfa_sod | 364 11w
| R
Superior Drill \ 2 bu, A. 2-2v,” ‘ ‘ ‘
(\ulglr dnk\ 7 12 | /30 0 | dcep woeo_ 1 Totato L2
| _
Potato digger' \ ‘ 7-10" deep, no \ |
elev'tor typei 1040 | potatocs Potato I 9301 223
T i double harrow-| i
Spike tooth ing (max. Fall plowed \
harmu ,,,,,, . A'“'“’“ qnglg_)_ .| _corn stubble A‘{ 80 1 377
) - xsmgl(- harrow-
Spike tooth -6’ ing (max. Fall plowed
harrow .. . | section anglg) i_corn stubble 231 | 195
" : l -
Culti-packer \ 27 \ \cmshing and | ’ |
roller section 145 | packing = 1 Winter wheat 2700 208
Corrngaied ‘ 1-8' % I crushing and \ \
roller .| section] 1210 | 145 | packing . . ! Winter wheat' 1RS | 200

Corn binder ' ‘ crushing and ‘ ' ‘
(McCormick) | . ... [1420| 165 | packing . - Corn ficld 306 287

max. rate 18 | {
loads per acre
New Idea manure wet
Spreader ... C 1980 | 1900 | straw .. .. .| Oat stubble .. 475 | 2.64
|
New Idea \ \ j 11 loads per A. l l]
Spreader ... C 1980 | 3340 | yard manure .| Oat stubble . 3.81 2.32
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PLOW BOTTOM DESIGN
C. A. Bacon?

The bottom is the business end of the plow. Upon its per-
formance depends the quality of the seedbed the farmer can
prepare. Since the quality of the seedbed determines very
largely the start a crop gets, it is obvious that a plow bottom
is the vital part ofa farmer’s equipment.

Usually plowing is regarded as breaking the soil into small
particles and burying the surface materials. Beyond these two
points the average individual understands little of the science of
plowing.

When one begins to study different soil compositions, the effects
of humus, lack of humus, seil fertility, moisture upon the count-
less soil textures, the times of the season when the farmer must
plow, and what he hopes to accomplish by that plowing, the plow
bottom problem assumes a complex form.

It can be asserted as fundamental that a farmer who hopes to
secure the maximum results from his seedbed cannot plow his
field the same in any two succeeding years. Yet, farmers go on
plowing in the same way year after ycar, with little concern as
to how their plowing is done. The big problem is to get it done
one way or another.

Plow designers have been obliged to make hottoms that will
approach the best work in all conditions under which farmers
plow. This accounts for the vast number of different designs of
plow bottoms.

If farmers could be educated to the point where they would
plow the ground when it is in the right condition to be plowed, a
great many of the perplexities and trials of the plow bottom de-
signer would pass away.

Permit a digression from the subject at this point to say that
when the agronomy, entomology, and mechanical departments of
agricultural colleges, tractor manufacturers and plow makers get
together and prepare a campaign of education to show farmers the
necessity of having surplus power on the farm to do this work
when conditions are right, the big question of crop production
will be solved. This is a gigantic task, but nevertheless it should
be undertaken, and that, too, in the immediate future.

There is a vast amount of work to be done by agricultural
college professors in original research to learn why certain bottoms
are better adapted than others to the soils in their respective states.

Before the days of standardization set in, the Oliver Chilled
Plow Works manufactured over 750 combinations of different
plow bottoms. No two of these were alike. We understand that

.

1 Oliver Chilled Plow Company, South Bend, Indiana.

—
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other plow manufacturers made an equally large number of styles
and sizes. This little bit of information will serve to show that
plow manufacturers have been striving for years to solve the plow
bottom question.

It is a peculiar fact that in the waxy soils of Texas, plow
moldboards have been made of steel, iron, glass, brass, aluminum,
plaster paris, and hog hides. The peculiar part is that the plaster
paris and hog hide moldboards worked more successfully in these
soils than any other type of moldboard that has been invented.

SHAPE OF THE MOLDBOARD NOT THE ONLY FACTOR

Whether the shape of a moldboard has everything to do with
its scouring, assuming it has the proper degree of hardness, is a
question open to debate. The experiences gleaned from trying to
develop a moldboard that would work successfully in the waxy
soils of Texas developed so many sizes, styles, and shapes of plow
bottoms that the plow bottom graveyard is full to overflowing.

These experiences must be regarded as very strong evidence
that something is required other than the shape of the moldboard
and the material from which it is made.

The reason given for the success of the plaster paris board is
that the plaster wears away'with the earth. This demonstrates
that the adhesive force between the earth and the plaster is greater
than the cohesive force of the plaster. It also demonstrates that
the cohesive force of the earth is greater than that of the plaster
paris.

The plaster wears away rapidly and the farmer is obliged to
recoat his moldboard often—sometimes as often as every night.
Considering that Texas farmers have different sizes and shapes
of plow bottoms it is plainly evident that the shape of the bottom
does not control its scouring qualities. The-revolving disk is the
only type of steel plow at the present time that is regarded as
handling this soil successfully, but the disk plow docs not scour
in these soils, showing that the adhesive force of the steel disk and
earth is greater than the cohesive force of the ecarth and the steel,
and also that the cohesive force between the two is greater than the
adhesive force of the earth particles.

This illustration of one Texas problem will suffice to point out
the tagk that lies ahead of men who want to interest themselves
in this work.

If it is a question of constant pressure of the soil against the
moldboard, it is necessary then in the design of a moldboard to
shape it so that it interferes as little as possible with the crumbling
of sticky soils when turning them over.

It is the experience of anyone who has ever operated a plow
to observe it scouring properly in a given field in one part of the
season, and fail absolutely in another part of the same season.



28 American Society of Agricultural Engineers

All of us have seen moldboards scour in one part of the field
and fail to scour in another on the same round. We have all of
us seen plow bottoms scour for a few fcet, stick for a few feet and
then scour again. All these phenomena bring up mighty interest-
ing points of study for the man who has to build plow bottoms.
The unfortunate part of the whole proposition is the impossibility
of preseribing a general panacea.

However, it has been proved that a great majority of the
causes of failure to scour in some sections of the field when the
ground is in plowing condition have been remedied by a change of
plow bottoms and the materials from which the bottoms were
made.

The plow must scour, or it will not shed the earth properly;
at the same time it must crumble the soil, leaving it in a loose,
friable condition, free from clods, if it is a satisfactory job of
plowing.

CAUSES OF FAILURE TO SCOUR

It is far from easy to design a plow bottom that will always do
these things satisfactorily. The Texas illustration must be re-
garded as conclusive evidence that the shape of the moldboard
is not the only factor to be taken into consideration. The
material from which the moldboard is made and the way it is made
often have more to do with the success of the bottom than its
shape. Very frequently a moldboard that from all standpoints
of theory should do a better job than another type of bottom does
the poorer quality of work simply because the moldboard fails
to scour. This failure of the moldboard to scour can be due to
a great many causes, but the chicf causes are soft spots, inequali-
ties, or depressions in the moldboard and the condition of the soil
at the time of plowing.

It seems to be a well grounded theory that the successful
scouring of a plow depends much upon equal pressure of the earth
over all points of the moldboard and share. The plow moldboard
must have the degree of hardness necessary for the shedding of
the soil. This steel, again assuming that the moldboard is free
from depressions, and is operating in a soil that has one of its
component parts sharp silicon and plastic clay (as many of our
soils do), must be harder than the silicon, or it is obvious that
the sand will scratch the moldboard, and the plastic clay stick in
the groove made by the silicon. Hence the plow will fail to scour.

This illustration readily serves to show that the material from
which a plow bottom is made has as much to do with its scouring
as its shape.
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CHILLED STEEL BOTTOMS WITHSTAND EROSIVE INFLUENCES OF SILICON

This fact is what led to the manufacture of the chilled plow.
It is impossible to temper steel hard enough to withstand the
scratching of silicon. The search for a material that would be
harder than the silicon led to the invention of chilled metal for
use in plow bottoms.

This metal will withstand erosive influences of silicon and
naturally will scour in soils where the stecl bottom cannot. When
one figures that by far the greatest percent of the soils of the
United States contain silicon to a greater or lesser extent, it
sometimes is a question as to whether chilled metal is not the
superior material for the making of plow bottoms.

The nature of chilled metal is such that a plow bottom madc
from it is heavier than that made from steel, but from experiments
it has been demonstrated that a chilled bottom of exactly the:
same shape as a steel bottom pulls much lighter draft on the team
simply because of its superior faculty for scouring in gritty soils.

On the other hand, it is impossible in the manufacture of chilled
metal always to be sure that the moldboards will not contain de-
pressions, which are more easily overcome in the manufacture of
steel moldboards. For that reason, where scouring is difficult in
soil that is free from silicon coarse enough to scratch the mold-
board, the steel moldboard is more prefcrable. But anvone who
has been imbued with the idea that steel bottoms will entirely
replace chilled, or chilled metal will entirely replace steel, must
come to the conclusion, if these statements are correct, that there
will always be a big field for both kinds of material.

The plow bottom is nothing more nor less than a three-sided
wedge. The cutting edges of the share and landside are flat sides
of the wedge. The moldboard and upper portion of the share
are curved and made to invert the earth.

The curvature of the moldboard is the biggest problem for the
plow designer at the present time. The fact that there are more
than a thousand different combinations of curves in moldboards
goes a long way in explaining the efforts of plowmakers towards
producmg satisfactory plows for every soil condition.

It is a peculiar fact that the designing of plow bottoms has
always been done by practical men who have knowingly applied
very few scientific or mathematical laws to the design of a mold-
board. The work has been done almost exclusively by making
certain shapes at the factory and then going into the field to see
how they would work. The cut-and-try plan explains the system
briefly, but in all these years plowmakers have developed from
this method some remarkable bottoms.

The chief idea in the building of a plow bottom has been to
make one that would pulverize the soil as much as possible with



30 American Society of Agricultural Engtneers

scouring. These two difficulties when they are met together are
the biggest obstacles to be overcome.

No two of the original plow inventors seem to have followed
the same system in their designing work, but the most common
system was to make boards over dies or in the molds as closely as
possible to the shape which they desired. Then the designer
would take these boards into the field and study the course of the
earth passing over the entire bottoms. If the earth happened
not to touch a certain portion of the share or board, this indicated
that that part was too low, and it was accordingly marked very
carefully and taken back to the shop and that portion raised.

The edges of the moldboard were often raised or lowered, curved,
or straightened as well as the rest of the board.

This process having been followed more or less by all original
designers tends to show that there must be some mathematical or
scientific law that controls the design of a plow bottom.

Another fact in connection with this method of designing would
tend to confirm this belief.

James Oliver, in making his celebrated No. 40 plow bottom,
developed an entirely different shape than did John Deere in
making his first steel plow, and looking farther back into the
wooden moldboard plow we find different shapes coming from
different sections of the country. These variations all tend to
show that different soils cannot be successfully turned with the
same shape of plow bottom.

We know that John Deere experimented with his plow bottoms
in clay types of soil. We know that James Oliver made his ex-
periments in sandy soil. The radical differences in these plow
bottoms should be regarded as ground work for a great deal of
thought in plow bottom design.

IS LIGHT DRAFT COMPATIBLE WITH GOOD PLOWING?

Another exceedingly important phase of plow bottom design is
the relation of the draft of a plow to the quality of work which
the bottom does.

It always requires a certain amount of energy to produce a given
amount of work. In the practical application of this law more
energy is required than the work produced because of friction.
The only loophole for argument centers round the definition of work.
If we accept as good work in plowing, finely pulverized furrow
slices, free from air spaces, and the trash well buried in the corner
of the furrow, we must admit that more power will be required
to do that work than if we accept as good work a furrow slice
full of large clods, air spaces, and the trash half buried. This
question is a mighty important one for plow designers at the
present time, because everybody is talking light draft.
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Accepting these premises as true, it naturally follows that the
plow bottom which does the best work may require more energy
or power than the one which does the least work. Hence, there
must be a certain ratio between the quality of work and power
required to do it. It logically follows, then, that the man who
goes about boasting of a light draft plow bottom, instead of the
quality of the work the bottom does, may be unconsciously con-
fessing that it does an inferior grade of work.

From a practical standpoint, is the farmer interested in the
plow bottom that pulls light or the one that pulverizes the soil
into small particles?

Another side in plow bottom designing that is little known
and has received but spasmodic attention is the effect of heat
upon the scouring. qualities of metal moldboards. One time a
plow bottom designer was trying out a bottom in sticky soil. The
field was wet on one side and dry on the other. The day was
fearfully hot. In the morning it was observed that the plow was
scouring successfully in the wettest and driest portions of the
field, but where the two came together the plow refused to scour
on going into the wet portion and also refused to scour on coming
out. At noon the plow bottom was cleaned and left standing
where the sun had a good opportunity thoroughly to heat it. The
plow bottom became very warm, and the first two rounds in the
afternoon the plow scoured. After that the designer encountered
the same trouble he had experienced in the morning.

It is a matter of plow history that a Texas farmer devised
a pan arrangement back of the moldboard, well down towards
the share, to hold burning corncobs. The difficulty experienced
in this device was the lack of uniform heat on all parts of the
plow bottom. Those who witnessed the demonstration maintained
that the moldboard scoured where the temperature was hot enough,

- but failed to scour on other sections of the bottom.

There may be more in this theory than some of us think at
the present time, because it is a well known physical fact that
heat is the best agent for separating molecules combined by ad-
hesive force.

The man who is willing to study modern plow bottoms and
soils particularly with reference to their density, their cohesive
and adhesive forces, and the shape of the curves necessary to
develop the force to properly pulverize the ground, will be em-
barking upon an endeavor that is bound to result in the greatest
good, for the simple reason that it will lay a better foundation
for all phases of agriculture.

(After reading his paper, Mr. Bacon showed some very
interesting slides, illustrating the details of : experiments
conducted with different shaped plow bottoms. Some of
the slides are reproduced on the following pages.)
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FIGURE /

Mr. Bacon: Before going into the matter of the plow ex-
periments, I should like to call your attention to the details of
the plow bottoms shown in Figs. 1 and 2. In Fig. 1 the line
parallel with the landside comes in contact with the plow point
in front. The point protruding in this direction is known as
the land suck, and is necessary to aid the bottom in taking and
holding land. _

In Fig. 2 the point of the plow resting on the straight edge
parallel to the bottom of the landside illustrates the bottom suck

FIGURE 2
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of the plow. This is necessary to help the plow penetrate the
ground. One of the troubles frequently encountered when
shares are sharpened by blacksmiths is that they bend the point
too abruptly. The point should always be as close as possible
to the shape in the illustration.

|

_

Fig. 8. Chilled share placed by the side of a new share of the same style

Figs. 3, 4 and 5 represent an experiment with a chilled and
steel bottom on the same plow. The purpose of this experiment
was to show the difference in the wear of hard, gritty soils upon
these two metals. The steel share lasted only 8 hours, and the
chilled share 51 hours.

i -

POSII
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Fig. 3 illustrates the chilled share placed by the side of a new
share of the same style. Observe the small amount of wear on

the point compared with the wear of the steel share shown in
Fig. 4.

Fig. 4. Steel share after 51 hours' use placed beside a new steel share

Fig. 4+ shows the stecl share after 51 hours of use placed
behind a new steel share exactly like it when new.
the share is worn on the point.

over the share is also noticeable.

Note the ‘way
The effect of the silicon passing

In Fig. 5 the difference in the wear between the chilled and
steel shares is very evident. Observe the greatest amount of
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wear appears on the underside of the point of both shares. That
is one reason why the plow makers exaggerate the bottoms—tn
make them wear longer.

Now we come to some interesting experiments that we per-
formed to determine the passage of thc earth over moldboards.
These experiments were all made in the same field—a clay soil
saturated with water. We wanted a soil that would hold together
so that we could get an idea of the real passage of the earth over
the moldboards. The four types of bottoms used were made for
widely varying soil conditions. These experiments were all made
in the afternocon of the same day in order that the conditions
should be as nearly uniform as it was possible to make them.

Fig. 5, Observe the greatest amount of wear appears on the under
side of the point of both shares

Our first experiment was with a moldboard designed particu-
larly for the sticky soils in the southwest. In our experiment
fild there was very little pulverization with this moldboard—
the furrow slice seemed to be picked up and turned over without
a0y molesting of the soil particles. It is necessary in building
¢ plow bottom for these sticky soils that do not hold together, to
make the board as straight as possible from the point of the
share to a point almost three-fourths of the way to the top
before an effort is made to put much curvature in the moldboard.
This is done to break the soil as little as possible on account of
the pressure necessary for scouring. v

The fact that the soil sticks to the moldboard and yet hasm’t
enough force to hold itself together, gives one a good idea of the
problems a plow designer is confronted with. One can take
a disk plow and put it in the soil and get away with it success-

e
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fully, but it doesn’t scour. Our scientists have told us it is
necessary to have air and proper moisture in the ground. The
only way to get that is to irrigate the ground when plowing.

The next experiment was made with a type of plow radically
different—one made for plowing sandy soil. This experiment
was made in the same field as the other one.

We found that the clay soil was broken into large clods; even
when the point of the share penetrated the ground the tendency
was to break the soil into clods instead of pulverizing it.

The type of bottom used had a bluff front, in direct contrast
to the gradual slope of the bottom used in first experiment, and

Fig. 6. Moldboard designed to plow a loamy type of soil

the results obtained showed a greater degree of breaking up of
the soil than with the other moldboard.

The third experiment was with a type of plow bottom that is
used almost universally through the great middle west. It is a
sort of compromise between the first two bottoms—not as bluff
as the last bottom used, and more so than the first. It has a
different shaped share, and is designed particularly to plow a
loamy type of (soil. In Fig. 6 it is seen that the furrow slice
is turned on edge, so that part of it rests on the furrow bottom,
and the other against the top of the moldboard. The advancing
movement of the plow bottom would have a tendency to crush th
soil as well as turn it over.

In Fig. 7 observe that a portion of the earth is mot restin




M

s




38 American Society of Agricultural Engineers

against the plow bottom. This is a condition that often pre-
vails, and is a cause for a good deal of scouring trouble on per-
fectly good bottoms. Anyone can see that not having pressure
against the moldboard the earth will begin to stick in that place.
There is enough evidence in this illustration to show that while
this bottom is more particularly adapted to this soil than either
of the preceding bottoms, yet it is not entirely satisfactory. Yet
that same plow would scour successfully if the ground was in
proper condition for plowing.

A type of bottom particularly adapted for a clay soil was used
in the last experiment. This bottom forces the turned furrow
slice farther forward against the carth, and puts more pressure

Fig. 9. Moldboard used in Fig. 8 test photographed after the test.
Observe the scratchy condition of the moldboara

on jt with the moldboard, which has a crushing effect. This
crushing, grinding motion, where one part of the earth works
right against the other, results in the pulverization of the soil.
The moldboard, too, is longer than ordinary—a feature which
adds to the strong pulverizing characteristics of this bottom.

Naturally, that kind of a plow is going to pull harder than one
that breaks the soil into clods. I would like to see every agri-
" cultural college man in the room take some plows into the field and

determine whether my statement is true or false. The more we:
know about plow bottoms, the less argument there is going to
be about the draft proposition; there will be more talk on quality.

In Figs. 8, 9 and 10 are shown the results of an experiment

that was made to show the difference between the action of
gritty soil on chilled and steel plows.
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We often have our little arguments pro and con about the dif-
ference between chilled and steel metal. Fig. 8 shows a steel plow
put in alfalfa soil. It scoured at times—not rcgularly, though.
When we pulled the plow back in the furrow the earth was stick-
ing to the moldboard in spots.

Fig. 9 shows this moldboard photographed after the test. Ob-
serve the scratchy condition of the moldboard, showing the
abrasive influence of the sand, illustrating very forcibly the
sbrasive influence of gritty soils upon steel plow bottoms. It

Fig. 10. Plow pulled back, showing that no earth stuck to the
moldboard

was out there for about an hour, and was literally cut to pieces
by the sand.

Fig. 10 shows the chilled plow used in the same experiment
for purposes of comparison. This plow scoured continuously.
Observe that no earth is sticking to the bottom, and that mo
scratches are visible on the chilled bottom.

I will now touch on the quality of work that the different plow
bottoms did. We had four bottoms in the field. We wanted to
determine the difference in the draft as related to the quality of
work, We hunted up a field that had clay and sand in it mixed
together—you couldn’t call it loamy soil, because it was mixed.
The purpose of this test was to determine, if possible, whether a
plow bottom that did the best work pulled heavier. The same
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plows were used in the test, the only difference being in the mold-
board used.

The difference in the quality of work done with the poorest
plow and the best plow was very marked, and served to show us
that there is an immense difference in the types of plow bottoms
required for doing different work. The plow bottom doing the
best work pulled 14 percent heavier than the one doing the poor-

est work. This proves that the better the plowing, the more
power required.

DISCUSSION

Mgr. Worta: I'd like to ask Mr. Bacon about the position of
the landside in the plows sold in the west and east. In some of
the plows sold in the Mississippi valley, the landside would be
vertical; in the east, the landside would be sloping in.

Mgr. Bacon: The sloping landside is an idea of Mr. James
Oliver’s. He conceived the idea that in the sandy soil there was
a question of draft coming up. He didn’t know how to fit it.
He got the idea he would make a sloping landside on his plow.
He tried it out and found it worked. In plowing the sandy soil,
the effect of that sloping landside is to cause the earth to drop
down of itself and keep rolling over and over. You see, one
has to sacrifice something to get that sloping landside. In all
types of soil that are loose—that don’t have the tenacity to hold
together—you can do that very successfully.

MRr. Wortn: The sloping landside, then, should be used in
sandy soils?

Mr. Bacon: In sandy soils or loose soils of any kind.

Mr. Hanp: A few years. ago I became interested in experi-
ments on land and bottom suction plows, and of course it was not
difficult to convince myself that the bottom suction was a feature
of importance, but in order to test the proposition of landside
success I took a chilled plow which was a nice, level-running plow,
and took one plowshare, ground off all the landside until the side
was flat, and also took a standard stock point which had a proper
amount of land suction according .to established rules. Then I
had a share cast which had three-quarters of an inch of landside
suction, probably four times as much as standard suction. I
wanted to go entirely beyond the condition to sce what the effect
would be. I first adjusted the plow with the standard point of
the share, getting the hitch on all running conditions accurate
and the plow well balanced; then, without changing any of the
hitched conditions, I changed plowshares, using the absolutely
flat one, and then to one with three-quarters of an inch of land
suction. I was not able to return them to dynamometer tests.
I made no change at all in the conditions—simply pulled the plow
back and changed the shares, taking particular care not to dis-

<&
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turb the width of the furrow. We could not observe any differ-
ence in the dynamometer load or in the scouring action of the
plow. What we expected to find was that the plow would mis-
behave and turn over, but we did not find that condition to be
trae.

Mr. Bacon: It seems to me that if there had been something
wrong, your plow would not have operated correctly.

Mr. Hanp: The only conclusion I could arrive at was that
the landside suction was not an important point.

Mg, Bacon: It costs money to put that in and the plow man-
ufacturers would not do it unless they had to. Where did you
try that experiment?

Mz. Hano: Near Evansville, Indiana, a couple of miles out
of the city, in medium clay soil—ideal conditions for chilled plow
bottom work.

Me. Bacon: Did you try it out with a chilled plow?

Mg. Hanp: With a 10-inch chilled plow.

Me. Bacon: The next time you try it with a steel plow.

Question: What do you predict to be the result of increased
land suction?

Mr. Bacon: Well, I don’t know that I grasp the meaning.
If you increase the suction too much, it is hard to make it run
right.  You offset that with the hitch. There is not as much land-
side on a chilled plow as there is: on a steel plow. I think if the
experiment is continued long enough it will be found that there
will be quite a difference.

M. Bunker: I should like to ask Mr. Bacon why it is that
some manufacturers do and some do not put a slight crown in the
share instead of its being in a straight line—curve the share to
meet the moldboard.

Me. Bacon: That is done on account of the necessity for
baving a uniform curvature for the earth to pass over the mold-
board. You take a flat share and put it on a moldboard, and it
will not conform to the curvature of the rest of the bottom. One
of the shares in the slide was perfectly flat. You see, there has
to be a certain curvature—an equal curvature—of the mold
bottom. You can’t change the curvature and expect to have an
equal pressure. If you don't start the earth properly over the
mold, you are going to have trouble.

Mr. Yerkes: It has been my observation that the chilled plow
does pull a good deal easier.

Mz. Bacon: We find that the draft will range anywhere
from 10 to 40 percent. I would like to have every one of the
sgricultural men send us some bottoms and let us demonstrate.
T'd rather you wouldn’t take my word for it; find out for yourself.



42 American Society of Agricultural Engineers

QuestioN: You say it is an expensive proposition to put the
land suction in. How expensive is it?

Mg. Bacon: It is pretty hard to tell. That is part of the
process of making the share. It amounts to a good deal in the

manufacture of the share. It would be impossible to tell you
how much. :

A STUDY OF THE PLOW BOTTOM AND ITS ACTION
UPON THE FURROW SLICE.

E. A. Wurre,” Member Amer. Soc. A. E.

The moldboard plow is universally recognized as one of the
oldest and most important of all our agricultural implements.
Its development has been largely empirical. Men designed this
implement according to their own ideas of what a plow should
be, tried the machines thus produced in the field, and returned
them to the shop, where alterations were made in order to better
meet field conditions. This process has been repeated over and
over again, furnishing mute but conclusive testimony to the lack
of fundamental theory from which to work. In this connection I
desire to pay my profound respects to the men who have developed
our present plow bottoms. This tribute is paid not only to the
plow designers now living, but also to those men now passed to
the great beyond, who worked and labored on this perplexing
problem. Truly no memorial which can ever be erected in honor
of these great men will approach the monuments which they have
builded for themselves. Generally without technical training,
but endowed with courage, vision, and.originality, these builders
of plows produced implements which turn the soil suecessfully.
One cannot make a careful study of our modern plows without
being thrilled with admiration and respect for the men who de-
veloped them.

This work represents the result of an attempt to develop a
theory for the design of plow bottoms. The desired end has not
vet been attained, but many facts are unearthed which furnish an
excellent basis for future work. In the beginning a large amount
of time was spent in an attempt to develop a theory which could
be used in designing plow bottoms if the conditions to be met
were known. The problem was so complicated that this line of
attack was abandoned and attention was turned to a thorough
study of the present day plow bottoms. The results in this direc-
tion have been verv gratifying. This study revealed the fact
that the surfaces of a large majority of American manufactured

VA review of a_paper hearing the same title published in the Journal of Agri-
cultural Research, Vol X1I, No. 4.

2 Department of Farm Mechanics, University of Illinois, Urbana, IIl.
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plow bottoms contained sets of straight lines. This property is
illustrated in Fig. 1. Through every point on the surface two
lines pass which lie wholly on the surface of the plow bottom until
passing off into space. Other bottoms show these same charac-
teristics, but there is a decided break in the longitudinal lines;

Fig. 2. In addition to these two classes there is still a third class,
Fig. 3, in which the greater part of the surface of the moldboard
containg no straight lines, although the share and the back part
of the moldboard show the straight line characteristics the same
2 the bottoms illustrated in Figs. 1 and 2. To this third class
belong a large number of the cast bottoms, while the forged bot-
toms nearly all come in classes one and two. It is very interest-
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ing to note in this connection that some of the more recently
developed cast bottoms have surfaces composed of straight lines.

In order to study plow bottoms the profile machine illustrated
in Fig. 4 was designed and built. This machine allows movement
in three directions so that the space coordinates of any point on
the surface can be recorded. These lines which have been found
on the surfaces of plow bottoms furnish the basis for developing
an equation or equations which will describe the surface very
accurately. By taking the front point of the share as the origin

Profiles machine for studying plow bottoms

of coordinates it has been found that an equation of the following
form is the one desired.
ar*+by*+cz*+-2fyz+2g9xz+ 2hry+42lx+2my-+2nz4-d=0
By translating and rotating the axes this general equation re-
duces to the following form:!

1.2 y'.' 22
—_t —— — =1
a2 b2 02

which is the equation of a hyperboloid of one sheet, a vase-shaped
figure illustrated in Fig. 5. The manner in which this figure fits
the surface of a plow bottom is shown in Fig. 6. This study has
revealed the fact that plow bottoms such as the prairie breaker and
the stubble bottom, which show very little resemblance to each

1The constants a. b and ¢ of this equation do not have the same numerical
value as the previous equation.
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other, belong to the same family from a mathematical standpoint.
Thus it appears that empirical methods have resulted in develop-
ing plow bottoms, the surfaces of which are mathematically exact.
That this result may not have been entirely accidental is possible,
for the report of the New York State Agricultural Society for
1867 contains the following statement regarding the plows devel-
oped by F. F. Holbrook, which won a large number of prizes at
the famous Utica Plow Trials: “We were interested in the most
minate details of these plows by Gov. Holbrook, and the trials at
Utica and subsequently at Brattleboro, Vt., showed very clearly the
influence of the warped surface which is generated by his method,
upon the texture of the soil. Gov. Holbrook is as yet unpro-
tected by patent on his method, and we are therefore most reluct-
antly compelled to withhold a description of it, but we have no

Figs. 5 and 6. Hyperboloid and manner in which it fits plow bottom

hesitation in saying that it is the best system for generating the
true curve of the moldboard which has been brought to our knowl-
edge. This method is applicable to the most diversified forms of
plows, to long and short, to broad or narrow, to high or low, no
matter what the form may be, this method will impress a family
likeness upon them all.

There will be straight lines in each running from the front
to the rear and from the sole to the upper parts of the share and
moldboard. None of these lines will be parallel to each other nor
will any of them be radii from a common center. The angle formed
by any two of them will be unlike the angle formed by any other
two; a change in the angle formed by any transverse lines will
produce a corresponding change in the vertical lines, and there
will always, in every form of this plow, be a reciprocal relation
between the transverse and vertical lines. Plows made upon this
plan may appear to the eye to be as widely different as it is possi-
ble to make them, and yet, on the application of the straight edge
and protractor, it will be found that they agree precisely in their

—_—
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fundamental character. The surface of the moldboard is always
such that the different parts of the furrow slice will move over it
with unequal velocities.”

*From this description it is evident that the surfaces of the Hol-
brook plows were portions of hyperboloid of one sheet. In com-
menting upon the Holbrook plows Mr. J. J. Washburn, of the
Wiard Plow Co., Batavia, N. Y., stated that they did as good work
as any which he has ever seen. : ‘

The theory advanced by F. H. King for the action of the soil
particles as they pass over the moldboard is universally accepted
and in general correct, but it needs some amplification in order to
completely describe that which takes place. The studies here re-

Fig. 7. Device for showing stretch and compression in furrow slice

ported on the motion of the soil particles were made on creck-bot-
tom sod in the vicinity of Ithaca, N. Y. This soil was not well
adapted to this work. It was not tough enough.

Observations of the furrow slice passing over the surface of the
moldboard reveal some very interesting facts. When the fur-
row slice has been inverted and has come to rest it is neither
stretched nor compressed, and the soil partieles have the same rela-
tion to each other as before passing over the moldboard except that
they are inverted.

While being acted upon by the plow the furrow slice is distorted.
Cracks appear on the outside edge which increase and then close
up again. In order to study more in detail the motion of the soil
particles, rows of stakes, Fig. 7, were driven into the ground to
the estimated depth of plowing.

In a cross section of the furrow slice, Fig. 8, the portion
marked 4 would be compressed, B stretched, and the particles in
the line 1 neither stretched nor compressed.
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£ S When the portion of the furrow
slice in which the stakes were set passed
upon the moldboard the stakes take the
position shown in Fig. 9. By cutting
away portions of the furrow slice and
1 using the apparatus illustrated in Fig.
Fig. 8. Cross section of 10 the relative position of any pin could
furrow slice be determined.

This study revealed the following facts:*

“The length of Row I, pins 1 to 10, on top of the furrow slice
was greater than the length before the soil has passed upon the

moldboard, indicating that this portion of the furrow slice has
been stretched.

Furrow slice passing over moldboard

The length of Row I, pins 1 to 10, was greater upon the bot-
tom of the furrow slice than its length before the soil pased upon
the moldboard.

The length of Row V, pins 1 to 10, on top of the furrow slice
was less than its length before the soil passed upon the mold-
board, indicating that this portion of the furrow slice had been
compressed.

The length of Row V, pins 1 to 10, on the bottom of the fur-

——

!Prom Journal of Agricultural Rescarch, Vol. XII, No. 4, p. 163.
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row slice was greater than its length before the soil passed upon
the moldboard.

The lengths of Rows III and IV, pins 1 to 10, on the t‘bp of
the furrow slice were approximately the same as their lengths
before the soil passed upon the plow bottom, indicating neither
compression nor stretching.

The lengths of Rows III and IV, pins 1 to 10, on the bottom
of the furrow slice was greater than their lengths before the soil
had passed upon the plow bottom.

The 2 distances of pins 10 on top of the furrow slice were
approximately the same for each row, but less than the distance
which the plow had moved forward.

The s distances of pins 10 on the bottom of the furrow slice
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were approximately the same for each row and equal to the dis-
tance which the plow had moved forward. (The coordinates of
the pins at the bottom of the furrow slice were mecasured by
cutting away a portion of the soil but leaving the pins in place.)”

When passing over the surface of the moldboard the soil par-
ticles follow very definite paths and, in some casecs, these paths
are plain enough so that they can be traced as shown in Fig. 11.
When these paths are projected upon the plane z=0 the curves
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shown in Fig. 12 are secured, which can be described by equations
of the general form:

az*+by*+le+my+d=0
When these soil paths are projected upon the plane y=0 the
curves shown in Fig. 13 are secured, which can be described by
equations of the general form:

ar’4-bz*+lrs+me+nz4d=0

The information regarding plow bottoms here presented fur-

nishes an ample basis for believing that there is a mathematical
form to which the surface of the plow bottom should conform,
This being the case, it should be possible to develop a theory
which will serve as a basis for the design of plow bottoms. The
empirical designer will always play a most important part in
developing plow bottoms. A proper theory would make the work
more exact and furnish a basis for a study of the mechanics of

plowing.
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DISCUSSION

Mr. Bunker: What sort of
a curve would be desired if the
moldboard were a plain sur-
face?

Mr. Wuite: In studying
the history of plows, it is sur-
prising how many forms of
mathematical surfaces have
been supplied. Take Thomas
Jefferson’s plow, which is the
same as the form used here.
Jefferson took a straight line
along here (drawing an imag-
inary line). He ran one
straight line along here, took a
point here and sct it up, and
drew a straight line from here
to here (indicating). Every
form of worked surface has
been tried, and practical ex-
perience indicates today that
there is a varied stipulation
between the proper form of
plow bottoms. I have been
interested this fall to sec
our scouring trouble can be
climinated. I believe it comes

" from that little break I showed

yvou. It won’t eliminate all our
troubles but it will part of
them. We can also go ahead
on this theory and figure out
the cffect.
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FARM BUILDING VENTILATION
W. B. CLarksoN,! Member Amer. Soc. A. F.

Farm building ventilation is a progressive science. The nced
for development in this science is as great as in any other phasc
of agricultural engineering, because good ventilation is necessary
to conserve and develop the health and efficiency of both man and
beast.

The barn of yesterday condemns itself, no matter whether it
is the sod-barn of the western prairie, the old ramshackle barn of
the middle west, or the eastern barn with its framing timbers
hewn from walnut logs. None of these is now a money making
investment.

The ideal modern barn must be judged by the scientific relation
of its completed details rather than by the size of the investment.
The man who invests $2000 in a new barn when he should have
invested twice that much, stands to lose more money than he who
lavishly spends more than necessary on his barn.

No farm building is complete without a properly applied venti-
lating system, yet it is safe to say that a very large proportion
of all farm buildings have no provision whatsoever for ventilation,
and a large proportion of the remainder are not half as well ven-
tilated as good rules of sanitation require.

Some farmers have made money raising stock on the farm with-
out a barn; others have learned that they can make more moncy
by keeping their stock well housed; while a great many more are
convinced that the most money is made by an additional invest-
ment in ventilation. What would vou think of a farmer with
100 acres of grain to harvest, who had decided to purchase a
binder, but on account of the high price, contented himself with
the purchase of the harvester part of the machine, fooling him-
self with the notion that he could get along some wayv? The
business judgment of the man who invests in a barn without a
ventilating system is as faulty as he who invests in part of a
machine.

As the dollar value of the farmer’s herd enlarges, so must the
need of additional investments in farm buildings increase. Not
“how cheap,” but “how good,” is the slogan this socicty can best
afford to instill in the minds of the farmers of tomorrow.

As there are no two farmers alike, neither can the plans for
any two sets of farm buildings be the same, and this, with other
things, emphasizes the necessity for ventilation as a special engi-
neering problem.

The chief complaint of dissatisfied investers in farm building

1King Ventilating Company, Owatonna, Minn.
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ventilation up to this time shows plainly a lack of the knowledgc
of fundamentals as well as a lack of the proper application of
details.

There are hundreds of men who have a good working knowledge
of the fundamentals of natural draft ventilation as this knowledge
has been acquired through the study of textbooks and other lit-
erature. There is another class of men who are increasing their
knowledge of the subject by occasional observation and perhaps
some rescarch. There is a third class who are putting their whole
thought and encrgy into the study and practice of farm building
ventilation.

All three classes are traveling on the same train. The first
named are sitting on the plush seats of the observation car viewing
things in the rctrospect. The second get as far as the smoking
car to talk it over. The third class are sitting in the cab of the
locomotive ready to take all chances, but with a forward looking
vision that intensifics their sense of responsibility.

Every member of this socicty should be fully imfresied with
his responsibility to the farmer. Whatever our vocation may be,
if we expect the farmer to come to us for information, we must
gain his confidence by showing him that we are willing to accept
full responsibility for the results to him.

If we look at farm problems with a kcen sense of our individual
responsibility, we will then be much more likely to render the
constructive scrvice that begets confidence, and this will help to
bring us nearer to the goal of our ambition as a socicty. Farmers
generally are not looking for something cheap and the sooner we
clear our minds of this fallacy and strive for quality and efliciency,
the quicker we will gain their confidence and increase their respect.

THE FARM PAPERS

Most farm papers now maintain a department of agricultural
engineering, or a column entitled “Farm Mechanics.” This de-
partment of the farm press has been a wonderful power in edu-
cating farmers to the value of ventilation and the editor who
realizes how hard it is to stay within bounds and how easy it is
to lead his readers astray, is the man that is rendering real service.

At this critical stage of development in farm building ventila-
tion there arc two classes of men holding responsible positions who
are unconsciously doing an infinite amount of harm; the editor
who takes the responsibility for telling his reader how to build
a ventilating system and the advertising manager who allows an
advertiser to make extravagant statements. Morally, the paper
is responsible for both errors.

Here are two cxamples, quoted from recent issues of farm
papers that illustrate my point:

A Reader: “I have a barn 24 feet wide and 48 feet long and
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14 feet to the plates, with a hip roof. On one side there is a
lean-to cow stable 16 feet wide, and on the other side a horse
stable 18 feet wide. I would like to know the best way to ven-
tilate it.” The editor in reply tells him in detail how to ven-
tilate his barn and shows two cuts, an interior clevation and a
sectional view of a wooden cupola with details showing how the
foul air flues connect with it. The description ends with these
words: “This system is recommended as being the best under
these particular conditions.”” If the farmer takes this advice and
has his carpenter build a system in his barn that does not prove
satisfactory, the editor has been the dircct means of getting both
the reader and his paper into trouble.

In a recent issue of another farm paper, the following state-
ment is printed in a full page ad: “I have their complete ven-
tilating system. It works perfectly. My cows give one-fifth
more milk. My calves never get sick.” Of course we can argue
that such an extravagant statement will kill the ad, but looking
at the matter from another angle we can also see that such state-
ments as these retard the general forward movement of the whole
campaign of education.

AN OLD IDEA

Barn ventilation is not a new idea; it is much older than any-
one sitting in this presence. I have a bound copy of T'he London
Illustrated News published in the middle of the last century, con-
taining an article on ventilation which is conclusive evidence that
farmers have been thinking of this subjcct for a long time. Un-
fortunately, up to within the last few years, barn owners have
been compelled to assume their own responsibility for sccuring
the proper ventilation of their buildings.

The result has been that much time and moncy has been wasted
in misapplied efforts at ventilation, and instead of the agricultural
engincers leading the farmers on this subject, as they should do,
the situation has been reversed and the farmers have led the agri-
cultural engineers and literally forced them to do somcthing.

One great trouble today is that there are too many men who
carelessly assume to know all about the ventilation of farm build-
ings and too few that realize the many difficulties to be encoun-
tered.

A light, sanitary, well built barn is an asset. A dark, cold and
insanitary barn is a liability. The progressive farmer of today
realizes the necessity for well lighted, warm, dry and sanitary
quarters in which to house his livestock and increase his per-
centage of profit.

The progressive farmer is the man with whom the agricultural
engineers have to deal; he is your friend, and in the language of
a clever Irish woman of my acquaintance who said, “It is out of



54 American Society of Agricultural Engineers

your friends you will make your living; your enemies will never
give you a chance.” Your friend, the progressive farmer, is con-
vinced of the vital need of proper ventilation in his building;
thus far his education is complete. The non-progressive farmer
is an enemy to this society, to mankind and to himself.

Our friend, the progressive farmer, then, is our chief considera-
tion and his needs our greatest concern.

The farmer is a busy man with many irons in the fire, and in
his study of farm problems he prefers to deal with men who will
become responsible to him for the results he is looking for in
every problem he has in mind. The ventilation of the barn is
one of his greatest problems, and in its study, he is most im-
pressed by the moisture and frost in the ceiling and walls.

Some men think that because their stock room is dry, it must
be well ventilated, as their sense of smell does not make a strong
enough impression as to cause them to spend money for ventila-
tion. The average man does not realize that the greatest danger
to the health of the stock is the chemical change in the air, that
change which is the least apparent to the senses of sight and
smell. The things that appeal to him most are the conditions
that he can see.

During our investigation last winter the committee on farm
building ventilation found moisture or frost on the inside surface
of nearly every stock room visited, and in each case the reasons
were quite apparent. Ih some cases the accumulation of moisture
could easily be traced to the improper application of the ventilat-
ing system, while in other cases, the moisture and frost could be
accounted for by other causes for which the ventilating system was
in no way responsible.

While the movement of the air tends to reduce the relative
humidity in the stock room, it alone cannot help the condensation
of the moisture on a cold surface, and on the other hand, unless
the accumulating moisture from the stock is constantly being re-
moved, the best insulated wall will not remain dry.

As a sanitary precaution, light and ventilation go hand in hand,
and for the dairy barn some authorities have sct the minimum
amount of light surface at not less than four square feet of glass
per cow.

While this is as small an amount of glass as any barn should have,
vet here again is a chance of trouble. First, because the greater
the exposure, the harder it is to keep the room warm, and again,
because m winter the windows will thickly coat with frost which
cuts the light and thus defeats the main purpose of the windows.

In the barn a window should not be used for both light and
ventilation at the same time. This particularly applies to the
barn situated in a cold climate. If a storm sash is fitted to the
outside of the casing so as to form, as near as possible, a dead
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air space between the two sashes, the glass is not very likely to
accumulate a thick coat of frost that cuts the light. If a window
is installed in this manner, the inside glass will remain approxi-
mately as warm as the inside air and thus be kept free from
frost. The double glazed sash is not good for this purpose; in
our investigation we find that it coats nearly as thickly with frost

as a single glass. DOORS

Frost covering the doors, in addition to looking bad, results in
damage to the doors; therefore, it pays to have storm doors fitted
so they will protect the inside door from the cold weather; this
will also reduce the amount of exposure and help to keep the room
warm.

You would be astonished if you knew the number of farmers
who have to be told that a ventilating system is not a heating
plant. We must impress on the farmer’s mind that the heating
plant in the barn is the stock, and that in a barn with a properly
applied system of ventilation, the average cow must not be ex-
pected to heat more than 600 cubic feet of air surrounding her.
A herd of cattle thus housed will hold the temperature of the room
above freesing in extremely cold weather. This is simply a
relative statement, your committee on farm building ventilation
having not yet accumulated sufficient data upon which to base a
definite statement.

In a calf barn, test barn or any other barn where the waste
heat from the stock is not sufficient to heat the room, an artificial
heating plant is necessary.

From the data accumulated by the committee, I am more firmly
convinced than ever that the best system of natural draft ventila-
tion is the one that is styled “Type X" in the committee reports,
the fresh air entering the room at the ceiling and the foul air
carried away from the floor. I am willing to admit that if a natural
draft system has to depend almost entirely upon heat pressurc
for its motive power, perhaps there may be some advantage to
installing a system as in “Type Y,” but that is yet to be proved.

A properly designed ventilator situated on tlie highest point
of a barn roof at the head of foul air flues, taking advantage of the
wind pressure at the greatest possible elevation, and with the foul
air flue openings about 1 foot above the floor (these flues extending
up into such a ventilator), has proved to give the best service.
First, because the foul air is drawn from the coldest part of the
room. Second, the fresh air can be brought in at the ceiling,
where the temperature is highest, reducing to a minimum the
opportunities for a cold draft striking an animal. Third, circulat-
ing the air from the ceiling to the floor certainly has a tendency
to keep down the impurities of the floor and carry them out through
the floor flues.
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FOUL AIR FLUES

From the data accumulated thus far, the advantage of a gal-
vanized metal flue, when properly insulated, is very important for
the following reasons: First, it will last longer without the
necessity for being repaired. Second, it can be made round and
in this form will carry a greater volume of air than other fluc
with equal area. Third, it can be made at a minimum of cost,
under the supervision of a competent engineer who can then afford
to guarantee its performance.

FRESH AIR INTAKES

To deliver the fresh air into the proper part of the room is a
much more important matter than is generally understood. Even
among reasonably well informed men, the prevailing idea seems
to be that any old way the air can be conducted into the room
will be all right. The evidence proves it is just as easy, perhaps
more easy, to go wrong on the proper details for the fresh air
intakes than for the details of the foul air flues.

The character of the wall, the ceiling, floor plan, ground level
and other things equally as important, must all be considered in
planning the intakes; I have known cases where one ventilating
system required four different styles of intakes to produce the best
results.

DIFFUSION BY CLOTH CURTAIN

When the report of the committee on farm building ventilation
was presented onc year ago, Mr. Dickerson asked if it would not
be wise to include in our investigation some experiments covering
intakes with some sort of cloth to diffuse the incoming air.

During the past year we have had a number of opportunities
to observe the so-called cloth curtain ventilation of poultry houses,
and in every case find the results were not as satisfactory as where
provisions had been made for moving the foul air out and the
fresh air in, though flues and intakes.

One test made epitomizes the whole story. Standing in front
of a poultry house with the wind blowing directly from the south,
an airmeter held in position facing the wind indicated a velocity
approximately 814 miles per hour. Then holding the airmeter
on the inside of the house close to a new curtain just installed,
the wheel of the airmeter did not move. Curtains will fill with
dust and the older the curtain the less chance there is for the
air to penctrate it.

The late Prof. F. H. King, in his paper read to this society at
the December meeting in 1910 (Note: See Volume IV, page 108,
of the transactions of A. S. A. E.) has this to say: “Diffusion is
far too slow ever to be made an effective factor in ventilation,
and it is a mistake to look upon muslin walls, windows or screens
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as in any important sense effecting ventilation by diffusion. What
ventilation is secured through muslin or cotton walls is almost
wholly due to current movements through the meshes, induced
by wind pressure, by wind suction and the difference in temper-
ature. The diffusion effect is too small to be considered.” Fvery
cloth curtain device we have investigated emphasizes the points
Prof. King has made.

IN CONCLUSION

Gentlemen: This paper has failed of its purpose unless it has
brought you to a realization of the necessity for a scrious consid-
eration of the following facts:

1. There is need for more specialization on this subject by
those who will assume full responsibility for good results.

2. The investigations of yvour committce show that our experi-
ment stations, both state and national, have given very little con-
sideration to the need of research work in farm building ventila-
tion. It is quite evident that the little that has already been done
has been forced upon them.

3. The past history of farm building ventilation is the best
proof that the subject has not been handled correctly, and hence-
forth the members of this society should resolve to give it the
careful consideration it deserves.

BARN ROOF DESIGN!
By J. L. STRAHAN,* Member Amer. Soc. A. F.

A survey of the field of barn framing shows that there are
almost as many different types or kinds of frames as there are
carpenters to build them. FEach country builder has his own ideas,
formed through personal obscrvation in usually a rather restricted
field, and based upon his own experience. Thus we find an almost
unlimited number of variations in the details of construction of
the various types of modern plank frames. Although almost each
carpenter claims to have “invented” the particular truss which he
builds, it is usually quite evident that it is mercly a modification,
and often a very slight one, of one of the more or less standard
types. “More or less” is here used adviscdly, because at least two
of these types are credited to the ingenuity of a single individual
and generally bear his name. The other types appear to have
formulated themselves—to have grown up simultancously in dif-
ferent sections, probably as a result of evolution from the older

. +The _author wishes to acknowledge the helpful advice and constructive criti-
cism of Prof H. S. Jacobi of the Cornell University College of Civil Engincering,
which was very helpful in the preparation of this paper.

2 Department of Rural Engineering, Cornell University, Ithaca, N. Y.
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types of heavy timber framing. Naturally there is here a wider
range of variation as to details of construction, but nevertheless
they generally conform in principle to their type.

Of those credited to individuals there is—first and preeminent
—the Shawver truss, with which undoubtedly you are all familiar,
and which I wish to discuss at length later. Another is a self-
supporting type of roof known as the Flickinger frame, which is
named for its originator, the late Mr. J. H. Flickinger of Seneca
Falls, N. Y. These and other types are classified on the accom-
panying chart.

LASSIFICATION OF BARYY FOOF THUSSINIG

SHANWVER TRUSS
(" SuPPORTED
CANVTILEVER TRUSS

MODERN { _
( BRacED marrERS

SELF SUPPORTING -{ FLICKINGER FRAME

N

oMbr- L MODIFIED FLICKHINGER
aziory

oLp { ------------------- HEAVY TIMBER FRAME

BODDDD

I

|

Fig. 1. Six types of barn roof trusses

Referring to Fig. 1, it will be noticed that all present day
frames naturally fall into one of the two main divisions, namely,
the modern plank frame structure, and the old style heavy timber
frame.  Of the latter class there are hundreds of varicties in dif-
ferent stages of development and change, ranging in age all the
way from 1 to 125 or 150 years. This style of framing is rapidly
disappearing among the newer buildings, and also, under processes
of remodelling, among the older ones. (Incidentally, the remod-
elling of old frames is one of the most serious building problems
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with which our framers in the east are faced at present, and is
one with which they will need specialized assistance in the necar
future.) However, for the present discussion this old style of
frame is of interest only from a historical standpoint, and as it
forms the origin from which our more recently developed framing
tvpes have arisen.

In the modern class of structure there are at least five distinct
types. There may be others which have not come to our notice,
but as far as our present observations go, these five basic types
include all the various plank frames which have been built in
recent years with the idea of conserving lumber and increasing
clear, unobstructed mow space.

These are divided into two general classes under which un-
doubtedly all frames which may develop in the future may be
placed. They are: (1) roofs which are supported on purlines
which in turn are supported on specially designed trusses, and (2)
roofs which are self-supporting. The presence or absence of the
purline plate will always suffice to make this classification.

In the first class falls the Shawver truss and a frame which 1
have designated as a cantilever truss, because it acts as a canti-
lever in resisting the thrust of the roof.

The self-supporting roofs are all so constructed that the entire
roof load rests on the four walls of the building, none of it b:ing
transmitted to the ground through inside posts. Some have the
roof itself braced against distortion by means of ties across the
hip angle—as in Type 3. The Flickinger barn (Type +) has
battered sides, the slope being §”” per foot off the perpendicular.
It is held that this relieves the strain on the stays, which run
from the plate to the floor, by taking some of the thrust of the
roof in direct compression. The modified Flickinger frame
(Type 5) has vertical sides with the stays a little farther in from
the base of the wall at the floor.

Several examples of a combination old timber frame with a
sclf-supporting roof have been observed. These in most cases
were remodelled structures, but one was built new throughout.
The carpenter was a trifle afraid of the apparent lightness of the
newer type of construction.

From this brief general discussion of conditions as found to
exist throughout New York state at the present time, I would like
to pass to a more detailed discussion of that frame which is com-

ing more and more into popular use. I refer to the Shawver
truss.

THE SHAWVER TRUSS

The Shawver truss, as used as a support for roofs in New York
and adjacent states, is built with many variations as to dctails of
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construction.  Every varicty of design, however, can be classified
under one of two main heads, viz.:

(1) Those that are built with the purline post, Fig. 2a,
(No. 5) a double member and the main rafter (No. +4) single.

(2) Those that are just the reverse, namely, the purline post
single and the main rafter double.

This difference in design has an influence on the practical de-
sign of all the other members, as is apparent from the fact that
the tyvpe of construction used (plank framing) requires that mem-
bers shall interlock—that is, any member joined to a double mem-
ber must be either single or triple in order to avoid a tortional
strain on the truss and a consequent tendency to draw the nails

Fig 2a Fig. 2b

Two types of Shawver truss
or spikes.  Hence, with a single purline post, the tic cord No. 11
must begin as a double member—which further requires that the
wall post (No. 1) be cither single or triple.

As ordinarily con-
structed it is triple.

On the other hand, the truss with the double
purline post requires only a single tie member (from the stand-
point of tensional strain, but probably triple when shear at the
foot of the truss is considered as will appear later in the discussion
of details of construction.)

A single tie (No. 11) necessitates only a double member wall
post instead of triple, which in the light of further analysis would
seem more reasonable.

The lower rafter (No. 2) has often been regarded as not being
an integral part of the truss, and often the bents are raised with-
out this member being present although such is not always the
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with which our framers in the east are faced at present, and is
one with which they will need specialized assistance- in the near
future.) However, for the present discussion this old style of
frame is of interest only from a historical standpoint, and as it
forms the origin from which our more recently developed framing
tvpes have arisen.

In the modern class of structure there are at least five distinct
types. There may be others which have not come to our netice,
but as far as our present observations go, these five basic types
include all the various plank frames which have been built in
recent years with the idea of conserving lumber and increasing
clear, unobstructed mow space.

These are divided into two general classes under which un-
doubtedly all frames which may develop in the future may be
placed. They are: (1) roofs which are supported on purlines
which in turn are supported on specially designed trusses, and (2)
roofs which are self-supporting. The presence or absence of the
purline plate will always suffice to make this classification.

In the first class falls the Shawver truss and a frame which 1
have designated as a cantilever truss, because it acts as a canti-
lever in resisting the thrust of the roof.

The self-supporting roofs are all so constructed that the entire
roof load rests on the four walls of the building, none of it b:ing
transmitted to the ground through inside posts. Some have the
roof itself braced against distortion by means of ties across the
hip angle—as in Type 3. The Flickinger barn (Type 4) has
battered sides, the slope being }” per foot off the perpendicular.
It is held that this relieves the strain on the stays, which run
from the plate to the floor, by taking some of the thrust of the
roof in direct compression. The modified Flickinger frame
(Type 5) has vertical sides with the stays a little farther in from
the base of the wall at the floor.

Several examples of a combination old timber frame with a
sclf-supporting roof have been observed. Thesc in most cases
were remodelled structures, but one was built new throughout.
The carpenter was a trifle afraid of the apparent lightness of the
newer type of construction.

From this brief general discussion of conditions as found to
exist throughout New York state at the present time, I would like
to pass to a more detailed discussion of that frame which is com-
ing more and more into popular use. I refer to the Shawver
truss.

THE SHAWVER TRUSS

The Shawver truss, as used as a support for roofs in New York
and adjacent states, is built with many variations as to dectails of
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It is therefore reasonable to assume the existence of pin joints
in making a theoretical analysis either graphically or by direct
computation. And further, although by reason of this divergence
from the assumed ideal the stresses obtained theoretically may not
be exactly those that actually exist in the truss itself under load,
nevertheless the relative amounts found in the various individual
members will bear a definite proportion to each other that will be
true in actual practice. It is probable also that the actual figures
obtained by theorctical analysis will vary from the true values
by such a small amount as to be practically negligible, and will
be safe to use as a basis for further refinements of design.

ASSUMPTION

In the following graphic analysis these assumptions were made:
1. The lower roof rafter acts as part of the truss.
2. The joints are pin joints.
3. The cross bracing in the unit triangles do not take any
strain but act merely as stiffeners.
4. Span=36’. Height of posts—16". Height to peak 34’.
Rafters of equal length—lower 1 pitch, upper } pitch.
Bents 16’ on centers.
Fig. 2a then represents the main elements of the truss.

LOADING

The loads which this truss must withstand are four.

1. Dead load or weights of truss, rafters, sheathing, roofing
and any other permanent element of the building supported
by the truss. This load is divided at the peak, purlines and plates
in the following ratio: peak 4, purlines each 4, plates each }.

2. Snow load. This is assumed to be maximum at 20 pounds
per horizontal square foot on the upper rafter only, the lower one
being too steep for snow to stay on. The load is divided so that
1 is applied at the peak and 1 at each of the purlines.

3. Wind load. This load is calculated on the basis of a maxi-
mum wind pressure of 40 pounds per vertical square foot. Such
a pressure would be caused by a gale blowing at 100 miles per
hour, which may be considered maximum for most places in this
country and considerably higher than nced be used in designing
for a building to be placed in a sheltered spot.

Starting from the foot of the truss on the left side the wind
load is applied as follows: One-half the load on the left wall
acts at the foot of the post, and because it does not cause stress

in any member is omitted. The other half is applied normal to
the wall at the plate, where it is combined with one-half the pres-
sure which acts normal to the lower rafter. (Sce graphic diagram
Fig. 4d.) One-half the normal pressures are combined in the
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same way at the purline plate (4c) and one-half the load on the
upper rafter is applied normal to that member at the peak.

4. Aload at the peak is often present in the form of material
carried on the hay carrier track. This has been assumed to be
maximum at 1 ton, which is probably slightly in excess of what
might ever be applied in this manner.

The value for all above loads are shown in the following table.

| Left Left Right | Right |..
Loads plate \ purline Peuk. purline | plate Total
Dead load __.____. \l 1141 | 2282 2282 ! 2282 1141 } 9130
Max. snow load _ | ... 1918 3837 1918 | ... | 7673
Min. snow load ____|______.. 959 1918 957 1. I R
Wind on left side .| 8710 5490 1930 | _____ I ________ 16130
Peak load _..__.__. PR S 2000 oo lomeeeee - 2000

GRAPHIC ANALYSIS

The stresses in the members of the truss caused by each load
are determined separately by the graphic mcthod as illustrated
in I'igs. 34, 3B, etc. A brief discussion of one will serve to ex-
plain all the determinations.

The analysis of any rigid structure in equilibrium requires that
the direction and intensity of all external forces acting on it be
known. In the case of roof or bridge trusses, the loads can be
determined by a knowledge of the conditions under which they
are to act, and from these known loads or forces, the reactions
which hold the structure in equilibrium can be determined.  The
applied loads with the reactions constitute a system of forces
which are held in equilibrium by the stresses set up by them within
the members of the truss.

The direction and intensity of the external forces and the
direction of the internal stresses being known, it remains to be
determined the intensity of the internal stresses. The graphical
method furnishes a quick and sufficiently accurate means for deter-
mining these values, which can be checked by a mathematical de-
termination of one of the members involved.

A line drawing of the truss is made to scale with the application
of load indicated by arrows drawn in the proper direction (Fig.
3A.) A force polygon is next constructed assuming a convenient
scale in terms of pounds or tons to the inch which, when closed,
gives the direction and intensity of the reaction which holds the
forces in equilibrium. In the case under discussion (dead load
diagram Fig. 3A) the reaction is equal to the sum of the loads and,
acts vertically upwards through the points A and A’. They are
lettered R1 and R2.
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Before the stress diagram can be drawn, the stress in the tie
member No. 11 must be determined. This may be accomplished
by passing a section through the truss cutting the three members
3,4and 11 at z, y and 2, and computing the algebraic sum of the
moments of all forces on the left about the point d (at the peak).
It will be observed that the stresses in the two upper members
do not affect, as the direction of their line of action passes through
the pivotal point d. Hence their moments are zero.

The forces which do act, therefore, are the loads applied to C
and D with their reaction R1 and the stress in member No. 11.
The moment equation may be stated as follows:

(R-C) 18—(Dx12)—(Sx34)=0 Where S = stress in No. 11
= —1007 lbs.

Its sign indicates that it acts counterclockwise and is therefore
a tensional stress.

We now have known all external forces necessary to determine
the stresses in the various members of the truss. This is best
accomplished graphically by means of the stress diagram, which
is built up on the closed force polygon.

Each joint or apex of the truss is the center of a system of
forces, consisting of externally applied loads and internal stresses
which are in equilibrium. If, therefore, a force polygon be drawn
for cach apex in turn, laying off the known forces in their proper
direction to scale, and determining the magnitude of the unknown
forces by the intersection of their lines of action, the dircction of
their action may be found by applying the principle that in a
closed polygon of forces in equilibrium, the arrows indicating their
lines of action all follow each other in the same dircetion around
the polvgon. Thus in Figure 3a the lines ha and ab represent in
magnitude and direction the forces acting between HA and AB
(Fig. 3A), while the lines bg and gh (3a) represent the stresses
in the members 1 and 5 (3A). The direction of the first two
forces being known, the arrows can be indicated on the diagram
showing that the force bg acts away from the point and gh acts
towards it. It is evident then that No. 1 is in tension and No. 5
in compression. They are so recorded by means of the plus and
minus sign, plus denoting tension and minus denotes compression,

By completing the stress diagram for all other joints the mag-
nitude and direction of each stress in the truss may be determined.

Such a diagram has been constructed for each of the loads men-
tioned above in order to be able to determine the maximum and
minimum stresses to which each member might be subjected. All
the diagrams are similar to the one just discussed except that for
wind stresses. This differs only in the method of determining
the reactions at the foot of the truss necessary to hold it in
equilibrium. The truss here must be considered as a three-



TRT
Suwssnbuy /N 1O 70T
Ay po SOIYD S YU MK
poyou sy 5

SOVO7 N'FS - MOKS - TOTT

WNEHOIT

SCTHUS TVOT W FS
. o6
g ./
Q
Q
8
g /
&
= 9 e
3 »
5 : )
= /"y O00Z HOOF
.8 wHoIT B,
& SOTHMUS TO? MAS ¢
S
~ 9
cO] S
>
8- 9, (4
3 o
()
s e
.8 .0 :§-2/05¢
m .\W sorvo7 avIg ve ¥,
2 —— |
= . a QOO 0% v N//
AN

WOYRTT SSINUS TVOT AVFT
oL f

64

_ 7
J




Strahan: Barn Roof Design 65

Before the stress diagram can be drawn, the stress in the tie
member No. 11 must be determined. This may be accomplished
by passing a section through the truss cutting the three members
3,4 and 11 at z, y and =, and computing the algebraic sum of the
moments of all forces on the left about the point d (at the peak).
It will be observed that the stresses in the two upper members
do not affect, as the direction of their line of action passes through
the pivotal point d. Hence their moments are zero.

The forces which do act, therefore, are the loads applied to C
and D with their reaction R1 and the stress in member No. 11.
The moment equation may be stated as follows:

(R,-C) 18— (Dx12)—(Sx34)=—0 Where S = stress in No. 11
= —1007 lbs. .

Its sign indicates that it acts counterclockwise and is therefore
a tensional stress.

We now have known all external forces necessary to determine
the stresses in the various members of the truss. This is best
accomplished graphically by means of the stress diagram, which
is built up on the closed force polygon.

Each joint or apex of the truss is the center of a system of
forces, consisting of externally applied loads and internal stresses
which are in equilibrium. If, therefore, a force polygon be drawn
for each apex in turn, laying off the known forces in their proper
direction to scale, and determining the magnitude of the unknown
forces by the intersection of their lines of action, the direction of
their action may be found by applying the principle that in a
closed polygon of forces in equilibrium, the arrows indicating their
lines of action all follow each other in the same direction around
the polvgon. Thus in Figure 3a the lines ha and ab represent in
magnitude and direction the forces acting between HA and AB
(Fig. 3A), while the lines bg and gh (3a) represent the stresses
in the members 1 and 5 (3A). The direction of the first two
forces being known, the arrows can be indicated on the diagram
showing that the force bg acts away from the point and gh acts
towards it. It is evident then that No. 1 is in tension and No. 5
in compression. They are so recorded by means of the plus and
minus sign, plus denoting tension and minus denotes compression.

By completing the stress diagram for all other joints the mag-
nitude and direction of each stress in the truss may be determined.

Such a diagram has been constructed for each of the loads men-
tioned above in order to be able to determine the maximum and
minimum stresses to which each member might be subjected. All
the diagrams are similar to the one just discussed except that for
wind stresses. This differs only in the method of detcrmining
the reactions at the foot of the truss necessary to hold it in
equilibrium. The truss here must be considered as a three-



Digitized by GOOS[Q



Strahan: Barn Roof Design 67

hinged arch, a theoretical hinge existing at the peak and at the
foundation walls. The loads applied as indicated (Fig. 4A) on
the left side cause reactions at the left foot and the peak and in
the direction indicated by the heavy dotted lines. The intensity
and direction of these reactions are determined by the pole dia-
gram in Fig. 4b. The force polygon bede is drawn by laying off
to scale the external forces BC, CD and DE, and is closed by the
line eb which gives the direction of the resultant of the given
forces and which is equal to the sum of the two reactions R’I
and R’2. A conveniently located pole “0” is chosen and con-
nected to the apexes of the force palygon by the lines ob, oc, od
and ge. Beginning on the line of action of the force R’1, a line
is drawn parallel to ob (Fig. 4b) until it intersects the line of
action of the force BC (Fig. 4A). From this point a line is
drawn parallel to the line oc (Fig. +b) until it interscets the line
of action of the force CD (Fig. 4A). This is continued until all
the “rays” or lines from o to the points of the force polygon are
used up. It will then be seen that one line ok’ is needed to close
this equilibrium polygon which has been built up on the lines of
action of the applicd forces (Fig. 4+A). ok’ is drawn, and through
the point o in the ray diagram a line is drawn parallel to it until it
meets the line be, which represents the resultant or the sum of the
reactions. This intersection divides the resultant (be) into the
two reactions, bk’ and ek’, whose intensity may be taken off with
the proper scale.

An inspection of the figure will show that the reaction thus
obtained at the peak must be transferred through the two sides
of the truss to the foundation wall if the point at the peak is to
remain in equilibrium. These lines of reaction will pass through
the peak and foot of the truss as is indicated by the dash lines,
A resolution of this reaction R’2 along these lines will give the
results as shown. R2, or the reaction on the right, will be equal
to and act in the opposite direction from the right component of
the original peak reaction, R’2. It is indicated by the heavy
arrow R1.  The left component of R’2 acts away from the point
at the base and thereby creates the necessity for an equal reac-
tion towards it. This must be combined with the reaction R’1
already determined as acting at this point as a portion of the
original reaction of the external wind forces. Resolving R’1 and
the left component of R’2 into one force, R1 is determined in
both intensity and direction.

It is of interest to note that the vertical component of the final
resultant of all forces acting on this point is equal to 2120
pounds or over a ton in an upward direction. The resultant of
all the dead load forces on the same point is approximately 2
tons acting vertically downward, thereby leaving a balance of a
ton in favor of the downward forces. This would probably be
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sufficient to resist wind action without bolting to the foundation
were it not that the horizontal component of the wind load re-
sultant is so great (nearly 4} tons). Friction on the wall would
not suffice to keep the building from moving laterally although
it probably would not raise up. It must therefore be bolted to
the wall.

With the external forces known and their reactions determined,
the procedure for arriving at the stresses is similar to that for the
other loadings.

The diagram indicates that with the wind on the left, the wall
post, lower and upper rafters on the left are all in compression
while the same members on the right are in tension but under only
about half so great a stress. The inside members, namely, the
purline post and peak tie or main truss rafter, are in tension on
the left and compression on the right. Wind on the right of
course reverses all the stresses changing each from compression
to tension, or vice versa as the case may be.

STRESSES

The following table gives the stresses for each member due to
various loadings, together with the maximum stress due to the
simultaneous application of all loads that could possibly act
together.  Such a combination will exist when the minimum snow
load remain on the roof during a heavy wind. It is further con-
ceivable that a load might be npplled at the peak at the same
time; as, for instance, in transferring material from one part of
the building to another by means of the hay fork track. Although
such a combination of loads will occur only in extremely rare
cases, yvet, because there is a bare possibility of its happening,
the design must be carried out with it as a fundamental assump-
tion.
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An examination of the values in the table shows that a com-
bination of the peak load in particular and the other vertically
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applied loads to a lesser extent, with the wind load from the left,
tends to relieve the stress in the members 1, 2, 3, + and 5, while
it tends to increase the stresses in members 6, 7, 8, 9 and 10.
The reverse is true when the wind load is applied on the right.
From this fact may be deduced the curious conclusion that a
wind pressure of such intensity could be applied on the left that
would entirely neutralize the stresses in members 1, 2, 3, 4 and 5,
causing them to relax all pressure on the joints. Upon a reduc-
tion or an increase of wind pressure, the joints would again take
up their work. Thus a series of strains varying in intensity from
zero to that caused by the greatest stress would be constantly oc-
curring at the joints, tending to loosen them unless designed to
withstand such action. It is probably for this rcason that nail
joints are not considered as good construction as bolt joints. They
will tend to loosen up more readily than bolted joints—and un-
doubtedly a nail joint truss will fail sooner or at least tend to
settle out of true shape more quickly. This is especially noticcable
in buildings situated in exposed positions.

More definite knowledge on the strength of nail joints is needed
before a correct use can be made of them in design. This is a field
for experimentation and test that can well be entered with expec-
tation of valuable results.

It will be remembered that, broadly speaking, all the various
types of Shawver truss may be placed in two gencral classes
which differ from each other fundamentally in the design of the
two inside members—purline post and main rafter or peak tie.
There is a relation between the amount of stress taken in these
two members which varies with the points of application of the
loads. The following table shows this variation in terms of
percent of stress based on the greater as 100.

Purline Post No. 5 No. ¢
L.oad Post Tie
B Percent Percent
Dead -7 T0000 el o T T T T 3150
hew 100 54.23
Peak o 100 80.50
Wind left _____________ 100 66.8
Wind right _._________| 100 82.5
Maximum stress ______ 100 715

These figures show conclusively that in all cases the post
takes the greater stress—and greater in proportion as the load is
more uniformly applied. Thus for a dead load which is applied
uniformly throughout the structure, the post has nearly three
times as much internal stress as the tie, while for a load concen-
trated at the peak the stresses are in the proportion of approxi-
mately 5 to 4. For maximum stresses due to a combination of
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loadings that might occur simultaneously, the proportion of stress
is between the two just given or approximately as 4 is to 3. Inas-
much as this last proportion is computed from the greatest stresses
to be expected, these members may safely be designed to conform
to it.

In the light of these results it may be concluded that the class
of truss which has the post member heavier is the more rational
of the two.

DESIGN

A possible design based on the figures obtained from the analy-
sis is shown in the following table. The following assumptions are
made: :

Material: Long leaf yellow pine or white oak.

Ultimate crushing strength=5000 pounds per square inch.

Factor of safety in compression parallel to grain—=0.28.

Safe working fiber stress in tension—1300 pounds per sq. in.

Safe working stress for iron rod=16000 pounds per sq. in.

£ o
= <
Member E P = No. pieces €
-~ e w o
T . 37450 | 28 sq. in. | 2 [ 2 "x8”
7 2 "x6”
2 e —58060 | 79 sq. in. | 1 iron rod | 13}”
1 2 "x10”
8 —25875 | 30 sq. in. 1 rafter 2 "x6”
+ . 25550 | 20 sq. in. 1 2 7x10”
L 1436100 | 28 sq. in. 2 - 2 "x8"
O . —37450 | 29 sq. in. 2 2 "x8"
7 2 "x6”
I, —58060 , 79 sq. in. 1 iron rod | 13"
I ' 1 2 "x10”
B s | —25875 | 80 sq. in. 1 rafter 2 "x6"”
0 L _____. [ +25550 | 20 sq. in. 1 2 "x10”
10 I 436100 | 28 sq. in. 2 b2 "x10”
o . [ 45191 | Negligible | [

1 Strong enough to resist rheer and bending on floor.

There is apparently a contradiction between these figures and
actual conditions in the case of several members of the truss as
usually built.

The most notable is in the case of member No. 2. In will be
remembered that this member is often omitted as an integral part
of the truss, in fact more often than not. And yet it is subject "
to greater stresses under all kinds of loading. than any of the
other members. Undoubtedly, therefore, the true shape of the
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truss is maintained by the action of the entire panel or section
of roof on the lower slope between trusses, together with the
resistance offered by member No. 5 to bending action at the level
of the plate. Just how much of No. 2’s maximum tensile stress
of 40000 pounds is taken by the nail joints of the rafters at plate
and purline, and how much of this load is transferred as a bending
moment to No. 5 is an indeterminate problen:, and must remain so
until more specific information is at hand concerning strength of
various types of nail joints. For the present it might be wise, in
view of the difficulty of making an adequate joint at the plate, to
use an iron rod between plate and purline to supplement the nail
joints. A rod 1}” in diameter will take approximately one half
the required load which is based on a very high wind load maxi-
mum.

No. 3 is similar to No. 2 in action but is subject to less intense
stresses, Furthermore, a member is usually included here aside
from the rafter which is sufficiently strong and is properly joined
to withstand the tensional strain to which it is subjected; although
the compressive stress is undoubtedly in this case as in No. 2 taken
in part by the roof rafters acting together. (Extra may be
omitted when rafters are supported on a ridge board and rafter
designed as a tension member.)

No. 4 is subjected to a maximum stress in tension which, as a
2"x10”, it is amply strong to withstand. However, its maximum
compressive stress is such that it is quite likely to fail by buckling
because of its unusual shape. The fraction representing the rela-
tion between its length and least dimension is unusually large, and
it therefore should not be expeeted to take much compressive load
without more bracing than it ordinarily is provided with. Proba-
bly the chief reason for its not failing is because it has as yet not
been subjected to maximum loads such as the above computations
are based upon. For ordinary loads it is amply sufficient.

Because it is braced at frequent intervals by lattice work stiff-
eners, the purline post or No.. 5 is able to work under the full
values for safe working unit stresses under compression, i. e.,

length in inches 1

T . — or
least dimension in inches d

s less than 10. It is therefore entirely adequate for its work
when composed of 2 pieces of 2”/x8” spaced 2” apart by the stif-
fening pieces. It is very often further reinforeced by a 2”x6”
nailed on the outside edge from the floor to the point where No. 4
passes through it.

As for No. 11, any member that is strong cnough to take the
floor loads is also strong enough to take the tension due to intcrnal
truss stresses.

As a check on the graphic determination of the direction of
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stresses in the various members, the model shown in Figure 5 was
constructed. It contains all the essential elements of the truss
as shown in Figure 2a and is so constructed that all joints are
flexible and subject to displacement in any direction a maximum
amount of about } inch. All vertical members are single, {”
thick by 1” wide, and are pierced at the proper points by 8d
nails which have had the heads and points taken off, leaving a pin
1” long, of which }” projects on each side of the member. The
two rafters, the ties and main peak tie are all double members
1” thick by 1”7 wide, which straddle the single members and are

Fig. 5. Flexible joint truss model—unstressed

of such length that the above mentioned steel pins come in the
precise center of 1" diameter holes in their ends when -the truss
is not subjected to any pressure. The space between the pins and
the walls of the 3” holes is filled with rubber in the form of a
washer whose inside and outside diameters conform to the measure-
ment of the pin and hole. The double members are held in place
by small 3” stove bolts, inserted at such points that they do not
interfere with the deflection of the members when the truss is
under load.

In order to make smooth construction, the upper rafter starts
at the purline as a double member straddling the purline post and
ends at the peak as a single member between the two sections of
the peak tie. This is accomplished by merely splicing two pieces
of the }” stock to a piece of the }” stock, making a lap joint 3”*

P
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long, or long enough to withstand any stress to which it may be
subjected. There is no joint connecting the two sections of the
truss at the peak. This point, therefore, simulates a true hinge
joint when taking vertical loads.

A joint is made in the center of the tie member (No. 11) to in-
dicate the direction of the stress to which it is subjected.

The truss is placed on a rigid, rectangular support, which con-
sists of 1”x1” end posts tied across at the bottom by a double
member. This bottom member is connected to the ends of two
posts by means of flexible joints. The upper ends of the posts
are flexibly connected to the truss tie cord (No. 11).

Fig. 6. Flexible joint truss model, loaded to show direction of
stresses

In Figure 5 is shown the truss unstressed with enlarged portions
to show the construction of the joints.

In Figure 6 the truss is shown loaded bv means of a cord
stretched from the peak to the lower floor member and constricted
at the middle in order to produce maximum strains. The enlarged
sections at the sides illustrate very clearly the action of the joints
to indicate direction of stress. The distance between the pins in
member No. 2 (or lower roof rafter) has increased, thus indicat-
ing a tensional strain, whereas the distance between the pins in
member No. + has decreased, indicating compression. This is also
true of No. 5.

The relative amounts of deflection at the joints also check very
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closely with the amount of stress as determined graphically. Thus,
No. 2 has the greatest maximum tensile stress under vertical load-
ing, and the joints holding it in the model show a maximum dis-
placement. The same is true to a less noticeable degree with all
the other joints.

CONCLUSIONS

1. In conclusion, it may be said that as ordinarily constructed
the Shawver truss is not a true truss in the sense that it is truly
rigid. In order to make it so, the lower roof rafter, or member
No. 2, must be made an integral part and designed to withstand
tensional stresses from vertical loadings—the most usual condition
—and compressive stresses from wind loads. This applies in a
lesser degree to member No. 3.

2. It is further very apparent that the purline post, or No. 5,
should always be heavier than the peak tie, or No. 4. They should
ordinarily have relative strengths of 4 to 3.

3. Little of any value can be offered at this time concerning
construction of joints because of the dearth of reliable information
on the strength of various kinds of nail joints. It is hoped that
such information will soon be forthcoming.

4. It is suggested that the type of construction shown in the
model here illustrated might well be applied to other similar struc-
tures as an aid in teaching agricultural students who ordinarily
are not prepared to assimilate the more advanced specialized
knowledge necessary to analyze such structures either mathemat-
ically or graphically.

) DISCUSSION

Question: I should like to ask Mr. Strahan if he has had
occasion to investigate the curved roof. In the northwest there
has been considerable interest taken in the curved or arched roof
made up of 1”7 by 8” pieces. The feet of the rafters are attached
to the walls at the plate. The curvature is not seamless at the
peak. There is considerable break at that point.

Mr. Stranan: I haven’t studied the details of that type of
truss construction from a mathematical standpoint. -The arch
has a radius equal to about two-thirds of the expanse of the build-
ing. This radius is usually 14 feet directly from the floor level,
I have seen such a barn built out of 1” by 12” pieces and the arch
cut right out of the center of that one by twelve.

Question: Do you think that design is more capable of with-
standing the heavy wind pressure.

Mg. Stranax: I think possibly an analysis of that would show
a resistance to the wind pressure.

Mk. Norman:' Regarding your sketch of the Fllckmger dia-
gram—is the material about the same in the Shawver and the

! Department of Agricultural Engincering, Purdue University, Lafayette, Ind.
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braced rafter? Isn’t there a great deal of difference in the cost
of construction between those two types?

Mg. StraHaN: I am not prepared to say, but I should think
so. The Shawver truss is built right on the floor and one truss is
built right on top of the other.

Mgr. Norman: That is the way they usually build a braced
rafter, raise it up in shape. It is so much lighter than the
Shawver.

Mgr. StraHaN: I have no figures.

PresipENT Scoates: There is room for a lot of work on barn
roof trusses. I guess everybody who has designed barns has found
that to be true.

MODERN DEVELOPMENTS AND PRACTICAL DETAILS
IN THE PRESERVATIVE TREATMENT OF WOOD

Kurt C. BarT,! Member Amer. Soc. A. E.

Wood preservation is primarily a conservation measure and an
economy of far reaching importance. Although but a minor detail
of structural engineering, it is comparable perhaps with the axiom
“take care of the pennies and the dollars will take care of them-
selves.”

Popularization of the practice of wood preservation is most
desirable, but it is to be achieved only by education. The desire
for thrift and economy is an indication of intelligence based on a
conception of values, and that must be taught. Ignorance is
wasteful.

We are particularly interested in developing efficiency on the
American farm; of promoting every effort which will in any way
improve conditions, practices, or any phase of agricultural engi-
neering; hence it is not only desirable, but, in fact, obligatory to
aid in minimizing the loss duc to the ravages of decay and insects
which annually destroy millions of dollars worth of lumber, and
timber employed on farms. There are various ways in which this
can be done. An extremely radical cure that has been advanced,
is the entire elimination of wood, excepting for such luxurious
purposes as interior trim, furniture, etc., but that is not apt to
become a popular remedy, at least during the next 50 years or so.
Wood will undoubtedly remain the most available building
material for farm structures and uses.

The cause and effect of decay, the activities of the chief de-
structive agents, fungi and termites (white ants) are well known,
and were interestingly referred to in Mr. Thelen’s paper pub-
lished in the 1916 Proceedings of the society. It is, however,

V Of the Barrett Company, Chicago, Il
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necessary to convey to the general public in simple form the funda-
mental reasons why wood decays. In searching the literature on
the subject I found the following to be the most lucid, with all
practical explanation of this highly technical matter. 1 quote
from a paper presented by C. J. Humphrey, Pathologist, U. S.
Forest Products Laboratory, to the Western Society of Engineers.
(Journal W. S. E., February, 1917.)

“Decay is due almost entirely to the growth of the wood
destroying fungi within the tissues of the wood. These fungi
are plants just as much as are trees and herbs. They differ
merely in their form, lack of green coloring matter, and
methods of nutrition. While green plants absorb their food
supplies from the soil through their roots, fungi derive their
nutriment from the substance of the wood. In the life cycle
of a wood destroying fungus there are two distinct stages:
(1) The vegetative stage consisting of thread-like, usually
much branched, filaments, termed mycelium, which takes on
definite form on the surface of the decaying timbers, and
serves for the production of spores and hence the propagation
of the species. The mycelium is usually confined within the
wood substance, the fine, cotton-like filaments ramifying the
tissues and filling the pores of the wood and the cells of the
pith rays, as well as boring through the walls of the wood
elements. It can roughly be compared to the root system
of ordinary plants, for its function is the same, namely, that
of an absorbing system. In order to render the constituents
of the wood available for food they must be reduced to simpler
organic compounds which can be absorbed readily through
the walls of the mycelium filaments. This is accomplished
by the secretion of organized ferments which have the
capacity of acting chemically upon the wood and splitting up
the complex compounds into their simpler components.”
Equally necessary is it to follow lines of least resistance in pro-

moting remedial measures. The public will rather suffer loss than
inconvenience; consequently, in introducing preservative treat-
ments, practicability has been the governing motive, and the
adaptation of theory and practice to existing circumstances is
mandatory. Nevertheless, the most efficient practice must be the
goal, and as means of retarding decay find general employment,
better methods can be introduced gradually, with some assurance of
success.

It is a fact that the preservative treatment of wood is an un-
known practice to the average farmer, and that those who have
been reached by the educational efforts thus far expended were
either discouraged by the apparent technicalities involved, or con-
fined themselves to treating a few fence posts. This is due largely
to the lack of confidence which the educators and experts have in
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the simple methods available, and their failure to recognize that
the problem is chiefly one of expediency, requiring adjustment of
theory to the practical conditions encountered. In lieu of the
factors involved in other industries, such as mining and general
structural engineering, the customs and characteristics of the
agricultural field must be given careful consideration, to the end
that the introduction of preservative treatments shall not create
unreasonable obstacles.

The solution of this problem has occupied me for a long time,
and it is my belief that it lies largely with the agricultural col-
leges, and the various associated educational bureaus, to teach
the value of wood preservation, not only to the students but also
to those now engaged 'in the practice of agriculture. County

Fig. 1. Demonstration of creosoting posts cut from farmer’s wood-
lots conducted under auspices of Michigan Agricultural College

agents’ organizations promote better farming, and so forth; they
could likewise preach more economical building, and aid consid-
erably in the practical application of suitable methods of pre-
servative treatment. The departments of the colleges having in
charge the preparation of plans for numerous types of farm struc-
tures could advance the practice of this economy by merely indi-
cating the parts and portions which are subject to decay and
specifying their treatment with a preservative. Most plans and
specifications covering metal, or steel structures and parts, clearly
state requirements as to painting or that they shall be galvanized,
and the necessity of protection against deterioration is thus em-
phasized. What I suggest is merely that the same precaution
should be exercised in the case of wood construction. Painting
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the simple methods available, and their failure to recognize that
the problem is chiefly one of expediency, requiring adjustment of
theory to the practical conditions encountered. In lieu of the
factors involved in other industries, such as mining and general
structural engineering, the customs and characteristics of the
agricultural field must be given careful consideration, to the end
that the introduction of preservative treatments shall not create
unreasonable obstacles.

The solution of this problem has occupied me for a long time,
and it is my belief that it lies largely with the agricultural col-
leges, and the various associated educational bureaus, to teach
the value of wood preservation, not only to the students but also
to those now engaged 'in the practice of agriculture. County

Fig. 1. Demonstration of creosoting posts cut from farmer’s wood-
lots conducted under auspices of Michigan Agricultural College

agents’ organizations promote better farming, and so forth; they
could likewise preach more economical building, and aid consid-
erably in the practical application of suitable methods of pre-
servative treatment. The departments of the colleges having in
charge the preparation of plans for numerous types of farm struc-
tures could advance the practice of this economy by merely indi-
cating the parts and portions which are subject to decay and
specifying their treatment with a preservative. Most plans and
specifications covering metal, or steel structures and parts, clearly
state requirements as to painting or that they shall be galvanized,
and the necessity of protection against deterioration is thus em-
phasized. What I suggest is merely that the same precaution
should be exercised jp the case of wood construction. Painting
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or galvanizing a steel fence post is necessary to protect it from
rust, creosoting a wooden post is protection against rot; both are
a vital detail of proper utilization.

Colleges and experiment stations have done valuable work in
connection with the preservation of fence posts. These investi-
gations should be continued and augmented, but there is a larger
and more important field, namely, structural wood for general
building purposes and farm equipment. It is this latter phase
in which I am most interested at present, and I wish to appeal
to the engineering department of every agricultural college to not
only include wood preservation in their curriculum, but especially
to aid in impressing upon the farmer the very considerable saving
in material and labor that would result from protecting wood
against its chief weakness—decay. White ants also cause the
destruction of much building lumber in certain sections of the
country, and for this evil preservative treatment likewise is an
efficient remedy, as has been discussed in detail by T. E. Snyder,
Bureau ‘of Entomology, U. S. Department of Agriculture, Bulle-
tin No. 759.

METHODS OF PRESERVATIVE TREATMENT

The standard methods that have proven satisfactory under con-
ditions where their employment is warranted, are divided into two
groups: (1) Pressure processes; (2) Non-pressure processes.
These are again divided into methods which, though similar, vary
in procedure, which conform to the operating conditions involved.

(1) The Pressure Processes consist of (a) Full cell treatment;
(b) Empty cell treatment. In treatment (a) the timber is im-
pregnated with a pre-determinated quantity of preservative per
cubic foot, the wood cells remaining filled; and in the treatmept
(b) a pre-determined quantity of preservative is also injected,
but the surplus oil is recovered from the wood cells, leaving merely
a coating on the cell walls. Treatment in both cases is applied
in large cylinders or retorts under heavy artificial pressure, and
commercial coal-tar creosote oil, as well as zinc chloride, or a
solution of zinc-creosote, are the standard preservatives.

(2) Non-pressure processes are divided into (a) Open tank
process; (b) Surface treatments. The former is strictly an im-
pregnation process, as under proper conditions the timber is im-
pregnated in practically the same manner, excepting that no arti- -
ficial means other than the heating of the oil is resorted to. Even
control is possible with reasonable care. The treatment consists
of complete submersion for varying periods in alternate hot and
cold baths of refined coal-tar creosote oil. No other preservative
is really suitable for this process.

Briefly, impregnation of wood is obtained by the aid of atmos-
pheric pressure, gravity of the preservative, and a slight vacuum
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resulting from expansion and contraction of air and moisture in
the wood cells, caused by the difference in temperature between
the hot and cold treatments.

Surface treatments mean any practical method of applying re-
fined coal-tar creosote oil to the surface of wood, surrounding it
with an intact film of the preservative. The special feature is to
entirely and thoroughly coat the portion, or surface, which it is
intended to protect, and to accomplish this it is usually necessary
to make two or three successive applications. Surface treatments
are distinct from the regular creosoting processes, namely, pres-
sure and open tank treatments. Thus we are confronted, perhaps,
with a considerable selection that, judging from experience, is

Fig. 2. The brush treatment

confusing to many, but each and every method has definite limita-
tions, and is fit particularly for certain purposes, so that determi-
nation of these effectively eliminates those treatments not suitable
to the conditions encountered. As far as the agricultural indus-
try is concerned we may immediately eliminate pressure treatments
a8 unavailable. The exception where farmers are so located as
to be able to purchase pressure treated material from commercial
creosoting plants, simply proves the rule. Of the one hundred
odd pressure treating plants in the United States, but very few
are so situated that it is possible for them to supply the general
trade. Over 80 percent are contract plants, whose entire pro-
duction is sold to large industrials such as railroads; for dock,
wharf and harbor improvements; and for paving blocks. In the
future it may be possible that a number of additional commercial
plants will be established, and that these will produce creosoted
material ready for the general market, but it is not practical to
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count thereon at least for a considerable time to come. Conse-
quently, we find that the average consumer—especially the farmer
and land owner—must avail himself of pon-pressure processes of
treatment if he desires to benefit from the practice of wood pre-
servation. .

The open tank process may be employed by anyone who is in a
position to supply the necessary tanks, and means of heating the
preservative. In some cases such simple apparatus will cost $50,
in other instances $200, $400, and even perhaps up to $1,000.
Thus, the availability of this method is largely dependent upon the
quantity of lumber to be treated at one time, or within a reasona-
bly short period. The farmer is again excluded from employing

Fig. 8. Close-up of farmer's tank, built of common lumber, lined
with sheet iron soldered at all joints

this method, largely because he has not sufficient work at one time
to warrant the expense of the necessary equipment, but eventually
it must be our object to induce the progressive land owner to so
equip himself that he can creosote lumber by the open tank
process whenever the occasion for it arises. Naturally, he will
not do this at first, but after having used the more simple methods
and experienced satisfactory results therefrom, he is more apt to
consider favorably the permanent installation required, viewing it
in the same spirit with which he perhaps builds a smoke house or
somc other equipment that is also used only occasionally during
the year.

Primarily the introduction of preservative treatment on the
American farm is dependent upon the promotion of surface treat-
ments, that is, the application of the preservative with a paint
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brush, in the same manner as paint, or application of one or more
coats with spraying machines, or dipping of the lumber and tim-
bers into creosote for short periods, and without heating during
favorable weather.

The only opposition is that of those who believe that these
surface treatments are of little or no value, who state that unless
a thorough impregnation of the wood with the preservative is ob-
tained the effort is wasted. I wish to state emphatically that
such a contention is erroneous. Surface treatments are of value,
and do increase the life of timber so treated more than sufficient
to warrant the expense and trouble. Admittedly, surface treat-
ments are not as efficient as impregnation processes, and most
assuredly where it is possible to employ the latter that should be
done; but nevertheless, and in spite of the popular impression that
mere painting of the preservative on to the wood is a doubtful
makeshift, I seriously recommend to you gentlemen that you devote
vour entire effort to introducing surface treatments on the farm,
After that has been accomplished and when the farmer is thor-
oughly acquainted with the purposes and simpler practices of
wood preservation, we can unitedly endeavor to improve the
methods, and eventually, perhaps, induce the consumer to pur-
chase properly creosoted wood from stock, but these are develop-
ments which must await the opportunity, and that can only be
supplied by the gradual education which must proceed, as pre-
viously stated, along the lines of least resistance.

PROPER PRESERVATIVE

There exists sufficient official data on what a proper preserva-
tive for non-pressure treatments should be, jand it is merely
necessary that this be made available and called to your atten-
tion. Recently a standard specification for refined coal-tar creo-
sote oil for brush treatments has been issued by the United States
Shipping Board Emergency Fleet Corporation; and also by the
United States Railroad Administration—both containing identical
requirements. A copy of the former is attached as an appendix
to this paper as are also recommendations for the application of
non-pressure processes. The difference between refined creosote oil
and the commercial grades used in pressure processes is largely a
physical one. Briefly, a refined oil should be employed, because
it presents no obstacles to its use under ordinary working condi-
tions which would be the case if an attempt were made to use the
commercial grades; and without going further into this matter
Permit me to state that practically all responsible authorities are
united on this specification. It is the expression of the industry,
and as such warrants the confidence of all consumers. Other
products may be just as good, but if they do not conform to this
standard they naturally represent the minority opinion. It must
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Fig. 4. Creosoted cottonwood posts after 95 years’ service

be fully realized that it would be neither practical nor desirable
to educate the farmer to buy a preservative on specification, and
the only means that suggests itself, which would provide protec-
tion for the farmer against the unscrupulous dealer who might, if
permitted, foist some inferior but more profitable article upon
him, is that the agricultural colleges should act as advisers. The
licrature of the college could suggest to the farmer that he can
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Fig. 5. 'White cedar posts after 9§ years' service

obtain information regarding the efficiency of any wood prescrva-
tive by addressing the respective department and furnishing the
name of the product offered. It would be a simple matter for the-
college to analyze the several preservatives on the market, thus
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ascertaining whether they conform to the standard specification,
and communicate their advice as based on the analysis to their
correspondent.

The above suggestion may meet with objections, but the thought
in mind is that it would enable rendering a valuable service to the
farmer who has no means of determining the value of a preserva-
tive which is offered to him as such, and who, if he uses an ineffi-
‘cient product, is worse off than if nothing at all had been done.

In the final analysis the entire problem devolves itself into
educating the farmer to understand the cause and effect of decay,
and to realize the loss to himself in dollars and cents of permitting
the development of decay, and likewise the saving in dollars and
cents resulting from the elimination of this loss by the practice
"of wood preservation. In this effort the agricultural colleges can
render a specific service to their constituencies. It will always be
a pleasure to collaborate to the fullest extent of my ability.

APPENDIX A4

RECOGNIZED AS STANDARD SPECIFICATION FOR REFINED
COAL-TAR CREOSOTE OIL

UNITED STATES SHIPPING BOARD EMERGENCY FLEET CORPORATION
.

Washington, D. C., July 24, 1917 Specification No. 128

Supplementing Circular Letter to District Officers No. 10 dated June
24, 1917, and final specifications on wood preservative.

S8PECIFICATION FOR CREOSOTE OIL FOR BRUSH TREATING SHIP TIMBERS

The oil shall be obtained from coal-gas or coke-oven tar and shall he
free from any tar, including coal-gas tar and coke-oven tar, oil, or residue
obtained from petroleum or any other source. It shall comply with the
following requirements:

1. It shall be completely liquid at 15° C.

2. It shall contain not more than 2 percent of water.

3. It shall contain not more than 0.5 percent of matter insoluble in
benzol.

4. The speclﬁc gravity of the oil at 15°/15.5° C. shall not be less
than 1.08.

5. The distillate based on water-free oil shall be within the following
limits:

Up to 210° C not more than 1 percent
Up to 235° C not more than 10 percent

6. The specific gravity of the fraction between 235° C and 315° C shall
not be less than 1.08 at 38°/15.5° C. The specific gravity of the fraction
between 315° C and 355° C shall not be less than 1.10 at 38°/15.5° C.

7. The residue above 355° C, if it exceeds 5 percent shall have a float
test of not more than 50 seconds at 70° C.

8. The oil shall yield not more than 2 percent coke residue.

9. The foregoing tests shall be made in accordance with the standard
methods of the American Wood Preservers Association.
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APPENDIX B

RECOMMENDATIONS FOR APPLICATION OF NON-PRESSURE
TREATMENTS

SURFACE TREATMENTS

This description applies to any practical method of preservative treatment
which coats the surface of the wood and surrounds it with an intact film of
the preservative. They are distinctive from the regular creosoting proc-
esses, namely, pressure processes and the open tank process, which aim to
secure & thorough impregnation. The principal methods that have become
standard practice are:

(1) Brush Treatment: Application of two paint coats of refined coal
tar creosote with a wide wire-bound brush. The oil should be carefully
brushed into all crevices and checks, depressions and abrasions. Poles and
large timbers are often treated by applying the preservative with a mop or
hy pouring it over the wood.

(2) . Spraying. Application of refined coal tar creosote with spraying
machines operated by compressed air or hand pumps. Two applications
are usually advisable. This method has many advantages over the brush
treatment, chiefly because less labor is required and the preservative can
be more readily forced into checks, crevices, bolt hwoles, etc. Spraying
machines must be equipped with properly designed nozzles, otherwise un-
reasonable waste may occur due to vaporization of the oil.

(3) Dipping: Complete immnersion of timbers in refined coal tar
creosote for short periods As this method requires but one operation
it is economical and practical where tanks, mechanical means of handling
timber, and steam for heating oil can be provided.

When employed for treating lumber and timbers of species readily
impregnated by immersion for varying periods in the hot bath only, this
method becomes a modification of the open tank process, and is discussed
further in that division.

The preservative should be heated to an average temperature of 150°
F. for brush and spraying treatments, and should be maintained at an
average temperature of 180° F. (minimum 150° F., maximum 200° F.)
in the dipping treatment.1

Lumber and timber should be cut to size, bolt holes drilled and com-
pletely framed previous to treatment, and protected against abrasion
after treatment. If the treated surfaces are injured and the film of
preservative broken, exposing untreated wood to attack by fungi, such
abrasions should receive an additional treatment of two coats of refined
coal tar creosote.

OPEN TANK PROCESY

Impregnation of wood in open tanks, or vats, without artificial means
other than heat, by aid of atmospheric pressure, gravity of the preserva-
tive and a slight vacuum resulting from the expansion and contraction
of air and moisture in the wood cells caused by the difference in tem-
peratures hetween the hot and cold treatments.

The process is divided into two stages (1) the hot treatment, and (2)
the cold treatment.

1. The hot treatment comsists of submerging the wood for varying

. Periods in refined coal-tar creosote oil which should be maintained at
a temperature of not less than 150° F. and not more than 200° F,

2. The cold treatment immediately follows the hot treatment and

! Note: Exception is allowed when circumstances absolutely preclude heating
of oil, but satisfactory results are ohtained only when the mean atmospheric tem-
Perature is not lower than 60° F.
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consists of submerging the wood for varying periods in refined coal-tar
creosote oil, which should be maintained at atmospheric temperature,
between the minimum and maximum limits of 75° F. and 100° F.

(A) 1n lieu of the cold treatment above described, the following
method wmay be employed: Upon expiration of the hot treatment, the
wood is not removed but remamns suvmerged, heat is shut off and both
wood and preservative permitted to cool to atmospheric temperature,
within the mmimum and maximum limits of 50° F. and 100° k.

(B) Lumber of species that readily absorb creosote, and of small
cross-section often is adequately impregnated by the hot treatment only,
or short immersions in the heated preservative In that event the dipping
method becomes a modification of the open tank process, and shouid be
conducted as described under surface treatments.

Wood to be treated by the open tank process should be thoroughly air-
seasoned, or air dry; that is, the moisture content should not exceed 20
percent of the average oven-dry weight of the respective species.

Timber and, lumber should be framed, all mortises and tenons cut,
bolt holes drilled, and otherwise completely manufactured ready for
placing previous to treatment. If abrasions of the treated surfaces
occur, or additional framing or drilling become necessary after treat-

ment, a two coat brush application of the preservative at such points is
imperative.

DISCUSSION

Mgr. BartH: Mr. President: We are contemplating an ex-
tensive promotional campaign to bring to the farmer a realization
of the advantage of wood preservation. We don’t know exactly
how that is going to be done. We are thinking about it. What
we would appreciate is suggestions from you gentlemen, as to
what you think is the best way. Can we cooperate directly
through the colleges? We realize that first we have to educate
the farmer before we can create a market. The first stage of it
is strictly an educational campaign—to teach the farmer that
he earns a much larger profit from the use of a preserver than
anyone else in the promotional sale. In other words, if the
farmer spends $5 to treat a foot of lumber he increases its life from
three to five years. You know who gets the advantage—the
farmer does.

PresIDENT ScoaTEs: Are there any questions you wish to ask
Mr. Barth? In our state, Mr. Barth, the best way of reaching
the farmer would be through the agricultural engineering depart-
ment of the college, going through the county agents. Once a year
we have all the county agents in the state come into the college for
the school in which they are given all the latest developments.

Mgr. Barta: When are these meetings held?

PresipENT ScoaTes: In the summer, usually. These other men
can tell you about their own states—whether that would work ixa
their states or not.

Mr. Bartu: Is this subject of sufficient importance to the
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farming community to warrant the cooperation of all of us in
promoting it, regardless of the commercial feature?

PresipENt Scoates: I think it is a vital subject. I will be
glad to cooperate with you down there to get it before our farmers.
They are asking about such things. Since the war, lumber is
pretty high priced and they are thinking about just such things.
Another thing I am doing—pardon my personal reference; in our
freshman work one of the laboratory exercises is to have them
ereosote fence posts. We are also teaching them to build fences.

Mg. Bartu: That is very encouraging.

Question: Is it possible to paint over the creosote and get
good results?

Me. Bartu: No, sir, creosote will eat through the paint.
However, you can put a coat of shellac over the creosote to keep it
from eating the paint, but that isn’t practical.

Question: What would be the approximate cost?

Mr. Barta: It would cost about 20 cents for a 5-inch post.

Mg. Smrru:'  There are a good many inquiries, but creosote is
not in the market in Canada.

Mg. Barth: Due to war conditions we haven’t had a large
supply, but you will get creosote if you find anybody to buy it.

Question: What is the effect, if the hot treatment is not fol-
lowed by the cold? .

Mg. Bartu: Merely to expand the moisture in the cell of the
wood and make it more susceptible to decay.
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WATER POWER ON THE FARM
By J. S. Firz,' Member Amer. Soc. A. E.

The development and application to useful service of the innum-
erable little water powers now going to waste on American farms
is well worth the attention of every farm engineer Few improve-
ments will return such substantial benefits in proportlon to the time
and money expended on them. Water power is especially well
suited for farm use since it requires but little attention, and costs
practically nothing for operation, or depreciation. Even the
original cost of installation need not be large in most cases, since
the spare time labor of the farmer and his regular employees will
usually take care of most of the work.

In looking for a suitable site for a water power development,
there are several points to be considered. The power that it is
possible to secure depends upon two factors, namely, the volume
of water available and the amount of fall that can be obtained.
The fall can easily be measured by means of a hand level if no
transit is at hand. The volume of flow can be mecasured most
accurately and conveniently through a weir dam as shown in the
illustration attached (Fig. 1). Detailed instructions for the con-
struction of weirs, together with tables showing volume of water
passing through at various stages, may be found in any water
wheel catalog.

As a practical example of a little stream that would b: well
worth developing, we will assume that our weir measurement shows
a depth of 4 inches through a notch 20 inches wide. This would
indicate a volume of 64 cubic feet of water per minute, and on a
fall of 10 feet, would be capable of developing 1 horse power
for continuous service. If our notch should be 40 inches wide
with the water flowing at the same depth, we would have 120
cubic feet of water per minute in our stream and would need only
a 5-foot fall to develop 1 horse power.

With 1 horse power, it is possible to drive a dynamo generating

sufficient current for from 20 to 25 Tungsten lamps. Since this
power is available for constant use, both night and day, without
any increascd expense, the electric current can be used for driv-
ing electric irons, washing machines, churns, etc. Ample power
can also be furnished for sawing firewood, etc., and pumping
water, but the saw should be driven direct from the water wheel
if possible.

If the minimum flow of the stream does not afford sufficient
power to do the work desired, a storage dam may be used to
accumulate the water during the hours when the full power is not

3 Department of Agricultural Engincering, Manitoba Agri. College, Winnipeg.
Can.
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required. A stream having a capacity of 1 horse power continuous
service, can be made to yield 3 horse power for 8 hours work per
day, by the use of a storage dam, or a larger amount of power for a
correspondingly shorter period. The details of dam construction
vary so much with the location that no definite statement is possi-
ble as to what type is best to use. Sketches of several types which
have been found useful are shown here. (Fig. 2.)

Either of the foregoing locations could be utilized at small
expense and would afford splendid service. Many power sites

Fig. 1. Weir dam—the top of the stake on which the measurements are
taken should be level with the bottom of the notch

like these are available in all parts of the country, but are mostly
being ignored by their owners who are looking for something
bigger. As a matter of fact, it is these small water power devel-
opments that really pay the best returns in proportion to the money
expended. Power sites with capacities of 20 horse power or more,
are seldom available for farm use, as they are greatly in demand
for manufacturing purposes. If a farmer can get his smaller and
every day tasks done by water power, he can well afford to run
his engine occasionally to do the heavier work, such as driving
a threshing machine, etc.

The third important point in a water power development is the
choice of the proper type and size of water wheel. Too much

- W=
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care can not be used in its selection. The cost of the best water
wheel on the market represents only a small part of the valuc of
the dam, raceway, and water rights which it is to utilize. Through
a spirit of false economy, however, or a'lack of appreciation of the
situation, many otherwisc well-planned little powers have been
seriously crippled by the installation of wasteful or ill-adapted
wheels. There is a great difference in the efficiency of various
types of water wheels, and it is not an uncommon thing to see from
60 percent to 80 percent of the power being wasted by the wrong
kind of wheel. An error of that kind reduces the earning capacity

Fig. 3. Steel overshoot water wheel, suitable for small
streams

of the plant correspondingly, and consequently is an cxpensive
mistake to make. For the majority of farm water power sites,
the modern stecl overshoot water wheel will be found most suita-
ble on account of its very high efficiency and its ability to utilize
the smallest kinds of streams. This type of wheel (Fig. 8) should
be used in practically all cases where the head ranges from 8 to
20 feet and the volume of water available is less than 250 cubic
feet per minute. For lower falls and larger streams of water an
open flume turbine may be used to good advantage, if set in an
open wood or concrete penstock (see Fig. 4). For falls higher
than 20 feet, provided there is a sufficient flow of water, an enclosed
turbine mounted in a metal case of the globe type affords an ex-
ceedingly neat and convenient installation (see Fig. 5). The
foregoing recommendations are not to be regarded as hard-and-fast

. Wl B e WS - TS T e . -
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rules, for circumstances may often require something different,
but they are in line with the best standard practices.

In the case of extremely small streams it is often preferable to
dispense with a storage dam for the water and to use a storage
battery instead. This method enables us to store up electric cur-
rent instead of water during the hours when the power is not re-
quired. This is a very convenient method, as the water wheel can
then be allowed to run 24 hours per day, charging into the bat-
tery continuously. A slow, even charge like this is ideal from a
battery standpoint and causes the batteries to last much longer
than they will in ordinary service. A brief description of a few
typical water power installations may be of interest, as follows:

Fig. 4. Open flume turbine, suitable for lower heads and larger streams of
water

One of our customers had a lively little brook on his farm. It
was 2 feet wide by 6 inches deep. He threw some sticks in the
stream and timed their progress between two points so as to find
out how rapidly the water travelled. After six or seven tests, he
found it took 12 seconds for a chip to travel 20 feet down stream.
He found, upon taking some levels, that he could secure a 13-foot
fall in 480 feet length of the brook. Upon receiving this informa-
tion, we advised him to build a wall across the brook about 4 fect
high near the head of the rapids, so as to dam the water up enough
to take up part of the fall; then to lay 10-inch riveted steel pipe
from the dam to a point down towards the foot of the rapids, where
he could install a 10-foot diameter wheel.

In order to save as much pipe as possible, the dam was built
across the stream at a point 230 feet below the rapids, taking up
all the fall which existed in that 230 feet by backing the water up
over the rapids. The bed of the stream sloped very rapidly for
the first 80 feet down stream from the dam, and then more gradu-
ally from that point on. The water was led from the dam thru
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a riveted steel pipe for a distance of about 80 feet, thus taking
up 5 feet more fall below the dam. The wheel was located at
this point, a little off to one side of the creck to protect it from
floods. The remaining 4 feet fall was taken up by digging a ditch
or tailrace with a slant of about + inches to 100 feet parallel to the

Fig. 5. Turbine water wheel in Globe case ready to
bolt to the end of a steel pipe or to the side
of a wooden penstock

general direction of the bed of the stream, to a point down stream
where the tailrace could join the main stream again on a level.

A complete electric lighting plant was installed, including a 10
foot diameter by 1} foot face Fitz steel overshoot water wheel and
3K. W. G. E. direct current dynamo. The customer, with the aid
of his two sons, made the installation himself, doing all the work
and having all the fun of building the low dam, etc., at odd
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moments. With this outfit he is driving 140 Tungsten lamps at a
time, furnishing light for two smaller farms, in addition to his
own. Hec controls the starting and stopping of the wheel by
means of a wire cable, from his house, although the wheel is located
at a distance of 600 feet away. Besides having all the light
needed for his barn, a cut-off saw for firewood, as well as vacuum
cleaner, churn, etc., and numerous small electric cooking utensils,
he has a portable motor in his orchard which saves him much money
and time in his spraying, etc. The entire plant costs him nothing
to run except a little oil occasionally, and a little fuse wire.

Fig. 6. Large pulley mounted on the jackshaft of the water wheel,
belted direct to a slow speed dynamo

At another farm, in Lancaster County, Pa., last year, the owner
found that he could secure a fall of about 9 feet on a little stream
of water that was then being used to drive a 3 foot diameter wooden
overshoot wheel to operate a small pump. Upon measuring the
water through a weir board, it showed a depth of 3 inches through
a notch 18 inches wide, thus indicating a volume of flow of about
36 cubic inches per minute.

A small concrete wall was thrown across the stream as a dam,
and the water was then led through an open canal or ditch to the
point down stream where the wheel was to be placed. On account
of the exposed situation a good concrete block house was built to
house the machinery. In this house a 7} foot diameter by 2 foot
wide Fitz stcel overshoot water wheel was installed, driving a slow
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Fig. 8. Morsze silent chain drive, used to transmit power from over-
shoot water wheel to the line shaft
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speed 500 watt, 125 volt D. C. generator. This generator is driven
direct from a large pulley, mowited on the jack shaft of the water
wheel (as shown in Fig. 6). The wheel runs continuously 24 hours
a day, charging a 56-cell, 125-volt Electric Storage Battery Com-
pany battery from which the current is drawn as needed.

From this plant, Mr. Nolt furnishes electric lights for his own
substantial residence, as well as that of his son on an adjoining
farm. The large barns, cow stables, dairies, and other buildings
on both farms are also supplied with ample light, and there is
plenty of current available for ironing at both houses. Although
some of the coldest weather ever known in Lancaster County was
experienced last winter, the water wheel gathered no ice in its warm
little house, and the plant has never caused a cent of expense for
upkeep or repairs.

For our last practical example we wish to show an installation
on a farm just outside of Trenton, New Jersey (see Fig. 7).
In this case an old abandoned water power was restored with the
view of retaining its picturesque effect, as well as securing the very
practical benefits afforded by its. power. The wheel is 10 feet in
diameter by 3 feet wide, and was installed right at the dam, thus
saving the cost of raceway and pipe. The water wheel shaft was
extended inside the building through a hole in the wall, and a large
sprocket wheel was mounted on the end of the shaft (see Fig 8).
From this sprocket wheel, a Morse silent chain drive is used to
- the line shaft, which in turn belts to a standard Fairbanks-Morse
5 k. w. generator as shown. The current supplied by this genera-
tor operates various machines on the farm in addition to furnish-
ing all the lights that are needed and supplying various cooking
devices and conveniences at the house. Since the photo was taken
a large centrifugal pump has been installed in the dynamo room,
being driven by belt from the overhead line shaft. This pump sup-
plies water for an extensive irrigation system on the farm which
is bringing in some very attractive profits.

These instances are only intended to serve as illustrations of
what can readily be done on countless other farms where water
power is available. A water power plant suffers but little loss
from depreciation. If well built, the dam and water ways should
last a lifetime, and with reasonable care the machinery will last -
equally as long. The farmer who puts a water power to work is
not only assisting in the great cause of conservation of natural re-
sources, but he is making one of the most satisfactory and profita-
ble investments that any one could want.
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AN ANALYSIS TO DISTINGUISH BETWEEN A CRANK
AND AN ECCENTRIC AS DRIVING OR DRIVEN
ELEMENTS

By H. S. DickinNson.!

This analysis was prepared as evidence or proof in presenting
an application for patent for a certain invention. For this reason,
the author is not at liberty to discuss but one phase of the original
case, namely, a device shown in our diagram No. 1 the parts of
which are drawn proportionately and throughout the analysis are
to be considered -of the following dimensions:

Throw of the eccentric or crank, 3"
Diameter of the crank pin, 1”7
Diameter of the eccentric boss, 51"

Fig. 1

Neither the distances between the centers of the two shafts nor
the diameter of the same, as we shall see later, have any bearing
upon the problem.

Throughout this discussion we have abbreviated, using follow-
ing letters to distinguish corresponding parts:

R=The radius of the crank throw, being understood in our pre-

liminary statement that this is equal to the eccentric throw.
=The radius of the crank pins.

r'<The radius of the eccentric sheave or boss.

k=The coefficient of friction which we have shown by prints

attached as effective in the model in varying quantities from
20005 to 3. which variation of value runs much lower than
would be ordinarily possible to find in any construction and
also runs much higher than is possible to find in usual con-
structions.

M=Represents the moment of power which may be applied

either at the crank shaft or the eccentric shaft. This can
be distinguished as Mef when applied to the eccentric shaft

—

! Experiment Department, Moline Plow Company, Moline, Il
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or Mcf when applied to the crank shaft, or by Med—
resultant moment at the crank shaft when the eccentric
is driving, or by Mcd=resultant moment at the eccentric
when the crank is driving.

A=The angle formed by the line of centers between the shaft
centers and the eccentric axis or the crank arm.

In our calculations, in order to avoid plus and minus signs as
largely as possible, and also to simplify the trigonometric equa-
tions, we have considered 4 to vary between 0 and 90 deg.

Diagram No. 1 shows an eccentric and crank of the same pro-
portions as in the model, and employing the above legend.

Let us consider now a given force M applied to the crank shaft
in order to turn the eccentric. The force transmitted as due to this
in a direction parellel to the line of centers and passing through
th crank pin and eccentric centers will be equal to LR Sin 4, in
which L. may be termed load on the connecting bar due to the
moment applied at the crank shaft, and thus L becomes equal to

M
R Sin 4

We find, however, that as soon as, or before, a movement can
take place the friction between the connecting rod and the
crank pin must be taken into consideration, and we find that this
friction at the crank pin amounts to k¥ Lr. This formule is the
one usually employed in mechanics (See Kent, 8th Edition, p.
1205) in which the moment of friction for shafts and journals is
equal to one-half f W d in which f is the coefficient of friction;
W the weight or load upon the journal and d the diameter of the
shaft. From the above formula Mcf, which we have termed the
driving moment at the crank shaft, becomes equal to LR Sin 4 +-
k Lr, whence L is equal to

Mcf
R Sin 4 +kr

Similarly we find that the resultant driving moment at the
eccentric shaft derived from the moment Mef applied at the
crank shaft, which we can express as Mcd, becomes equal to LR
Sin A4kr’ L. Substituting in this formula the value of L as

found above Mcd becomes equal to Formula 1
Mcf R Sin 4 © Mcf ke’ Mcf (RSind —kr')
Mcd= - =
RSinAd 4 kr RSind <+ kr R Sin 4 + kr’

From this formula, with a given load or moment applied at the
crank shaft, can be found the resultant driving or turning moment
at the eccentric shaft, and it will be noted that the resultant moment
is dependent upon the following variable and fixed quantities.
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R, which is the radius of the throw of either the eccentric or the
crank; r, which is the radius of the crank pin and #’ which is the
radivs of the eccentric sheave or boss; the Sin of the angle which
the crank and eccentric makes with the line of centers between the
axis of the two. Also k, the coefficient of friction.

Conversely it may be shown that when the eccentric is driving
the resultant force at the crank shaft, which we may term Med,

becomes equal to Formula 2
Mef R Sin 4 Mef kr Mef (R Sin 4 — kr)
Med = — =
RSind 4 k'  RSinAd 4 kr' R Sind4 + kr’

in which the same constant and variable quantitics enter as when
the driving moment is applied at the crank shaft.

It will be seen that the distance between centers does not enter
cither of these formule and hence will have no bearing upon the
problem at hand. Let us now assign values to these formule. Let
Mef be equal to 10. As we have stated

r= 5"

v = 2.937”

R = 15"
Let k= .17

When the angle 4 becomes 90 deg., taking formula No. 1, that
is, with the crank driving, we find Med = 7.78 and so on

When 4 is 80 deg. Med. = 7.75"
“ 70 ¢ = 7.65”
“ 60 Y = 745"
“ 50 0 = 713"
‘“ 40 « « —_— 6‘61"
«“ 30 “ “ . 5.69"
“ 20 * “ = 389"
“10 ¢ Y = —13
“ 5 " = —901
“0 0t " = —587

It will here be seen that the resultant driving moment from a-
given force must reach 0 somewhere between 10 and 20 deg., and
2 the angle decreases the quantity becomes negative very rapidly
until it reaches the maximum negative at 0 deg.

Now employing the formula with the eccentric driving, using
the same values for the constants and variables as above, we find at

90 deg. the resultant moment 8.12

80 8.05
70 [ " 798
60 “ ‘“ 7.84
50 “ 7.61
40 ¢ ‘ 7.26

30 “ 6.68
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20 deg. the resultant moment 5.74

10 © “ 3.79
5 ¢ « 1.94
O . “«“ ——l -7

It will here be seen that the resultant moment becomes 0 some-
where between 0 and 5 deg., a.much smaller angle than was found
when the crank was driving. It must also be noted that the nega-
tive quantity is very much smaller at 0 deg. and that the positive
quantities at the same comparative angles are much greater than
when the crank is driving. This alone should provide ample proof
that an eccentric is not a crank.

Still we wish to go further into the matter and we have assigned
varying values for k, the coefficient of friction, in these same for-
mule. When &k becomes .5 we find, with the crank driving and at
the angle 90 deg., that the resultant moment is 1.27. From this
small positive quantity as the angle is decreased the quantity will
rapidly decrease until at 0 deg. we again reach —58.7. With the
same value .5 for k and the eccentric driving we find, at 90 deg.,
that the resultant moment is 4.21. As the angle is decreased this
quantity decreases until it becomes at 0 deg. ——1.7. It will here
be noted that as the coefficient of friction is increased the resultant
moment is decreased and as we shall show later, the angle at which
the quantity becomes negative, will also increase. On the other
hand if & is decreased to .0005 we find with the crank driving at
90 deg. the resultant moment is 9.963 and at 0 deg. the quantity is
again —58.7. Using the same value for &k with the eccentric driv-
ing the resultant moment at 90 deg. is 9.988 and at O deg. is again
—1.7. So that it is evident that as the coefficient of friction may be
infinitely decreased the resultant driving moment at 90 deg. will
approach the initial driving moment. At 0 deqg. the resultant
moment remains negative and is of the same value regardless of the
magnitude of friction.

Considering again these formule, first with the eccentric driving
where we have

Mef (R Sin A — kr)
Med =

RSind + kr’
When this resultant moment Med becomes 0 we have
Mef R Sin A — Mef kr =0
which may be transposed into the equation,
Sin 4 = kr (Formula 4)

R

Similarly, when the erank is driving we find that when
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Mecd becomes 0, Sin A = kr’ (Formula 5)

R

By thesc two formule we may find the angle at which the re-
sultant moment becomes O for any value of k.

The following is a tabulation of results showing a variation of
k from 3.0 to .0005:

ECCENTRIC DRIVING CRANK DRIVING
kr ke’
— = S8Sin 4 — = Sin 4
R R

k= 005 4= 0 deg. 1’ 1=
k=1 A= 1 deg 55 A=
k=2 A= 3 deg. 49’ A=
4=
A=

I

35 4= 6 deg. 40’
k=5 A= 9 deg. 35
k=9 A=17 deg. 30’
k=15 4=230 deg. 00’
k=2. A=141 deg. 45
k=235 4=756 deg. 30
For convenience let us term these angles the “critical angles™ and

in order that we may compare them more carefully we have prepared

diagram No. 2 in which we have used as abscissa angles from 0 to

90 deg., regularly spaced. As ordinances we have used the co-

efficient of friction varying from 0 to 3.

For the values as given in the tabulation above we find the curve
which represents the critical angles when the cranks are driving
to be a regular one, gradually increasing from O point until it
passes the 90 deg. line at a point which would require about .51
friction, showing that for values of the cocfficient of friction greater
than .51 it would be impossible for a crank to drive an eccentric,
even at the most favorable position, namely, 90 deg.

The second curve upon this same diagram represents the criti-
cal angles when the eccentric is driving. It will be noted that this
curve rises rapidly from 0, takes a regular form and crosses the
90 deg. line at 3. friction. It should be noted also that this curve
passes (.51) the value of the limit for the cranks driving, at about
10 deg. angle, showing an enormous difference between the two
arrangements.

Comparing the friction between the crank and eccentric driving
in any angular position it will be noted that it requires a very
much larger friction to produce the same critical angle when the
eccentrics are driving than it does when the cranks are driving.
Here again is ample proof that a crank is not an eccentric.

It will be seen in this last formula that the elements upon which
this critical gngle depend are the coefficient of friction, the radius
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Fig. 2

of the crank pin r, the radius of the throw of the crank R, and the
radius of the eccentric sheave or boss /. It is clearly evident that
only when the crank pin becomes equivalent in diameter to the
eccentric boss can the unit be driven equally well from.cither point,

9



Dickinson: Analysis Between Crank and Eccentric 103

and the instant when one becomes an enlarged boss, which is the
definition of an eccentric, then at that moment the eccentric ceases
to be a crank.

In order that these formule may be clearly understood we have
prepared diagrams to illustrate the resultant moment, and with
varying quantities for the coefficient of friction. In diagram No.
3, in which any point on the circle represents a zero driving
moment, and within which the driving moment is negative and

without which the driving moment is positive, a scale running from
0to 410 and from 0 to —10 is incorporated. In this diagram
the coeficient of friction is taken as .1. The continuous curved
line represents graphically the resultant driving moment when
the eccentric is driving. It will be noted that at 90 deg. this
moment is maximum, and as we have tabulated above, may be
assigned the value of 8.12. It will be noted that this quantity
decreases as the angle decreasés until as we have also tabulated,
at 1 deg. 55’ reaches the circle at which point the driving moment
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becomes 0. From that point, as the angle decreases, the quantity
becomes negative, reaching a maximum (at 0 deg.) of —1.7 and,
as we have already shown, this is a fixed negative quantity re-
gardless of the variation of the friction. In this same diagram
the dotted line shows the resultant driving moment when the
crank is driving. At 90 deg. it is maximum and as we have tabu-
lated is 7.78. This quantity decreases until according to the tabu-
lation at 11 deg. 20’ it reaches the circle and becomes 0, from

Fig. 4

which point as the angle decreases, rapidly becomes negative,
reaching a maximum negative of —58.7 at 0 deg. This negative
point, as we have shown, is fixed and is always —58.7 regardless
of the variation of the coeflicient of friction.

Since the machine under consideration is arranged with two
cranks on each shaft, for which reason we have arranged the model
with two cranks upon one shaft and two eccentrics upon the other
shaft, we are submitting diagrams to show the resultant driving
moment from two cranks driving and from two eccentrics driving.

In order that our method of graphical illustration may be en-

A
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tirely clear we refer to diagram No. 4 arranged in the same man-
ner as diagram No. 2 except we have used the value of .2 for the
coefficient of friction. Ome of the curved lines represents a single
crank driving marked ‘“one.” This shows, as in diagram No. 3,
that the resultant driving moment is maximum at 90 deg., decreases
as the angle decreases, becomes 0 at 22 deg, 54’, is negative from
there on and would reach —58.7 at 0 deg. Now if a second re-
sultant driving moment is imposed upon this same diagram, and the
same added to this primary resultant driving moment, when the

Voe of M’ when
M=10 inch-lbs
T T T T
LI YV Y R

Fig. 5

cranks are 60 deg. apart the total resultant would be represented
by a second curved line which is designated by “‘two, 60 deg. apart,”
It will be here noted that at 90 deg. the total rcsultant driving
moment is slightly in excess of a single crank; that it reaches a
maximum at 60 deg. and again decreases, reaching 0 somewhere
between 10 and 20 deg., and from there on rapidly decreases
towards, but not reaching, the maximum of the negative —58.7
at 0 deg. It again reaches 0 in turning clockwise at some 20 odd
degrees; reaches a second maximum at 30 deg., becomes negative
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again at about 45 deg., remains negative approaching the maximum
—58.7 at 60 deg., becomes O again at some 70 odd degrees, reaches
a maximum at a point exactly 180 deg. from the first maximum and
then repeats, producing what might be termed four “dead points,”
the first one in the direction of rotation indicated occurring from
about 14 deg. before the 0 deg. line to 14 deg. beyond the 0 deg.
line, and the second occurring about 14 deg. before reaching 60,

ECCENTRIC |\ DRVING
Two-6O° | Apart

Fig. 6

to 14 deg. after reaching 60, the other two symmetrical with and
180 deg. from these just defined.

On this same diagram No. 3 we have shown a resultant moment
with two cranks set 30 deg. apart, and it can readily be understood
from the foregoing description how the maximum is reached and
how there will be 0 points reached, limiting what we have termed
“dead points.” It is evident from our discussion that these “‘dead
points” will vary in length depending upon the value of the co-
efficient of friction and will vary in position according to the angle
between the driving cranks.

q
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In order that these variations may be studied and the quantitics
measured we have prepared further diagrams which include these
variations. Diagram No. 5 shows two cranks driving, set at 60
deg. apart, coefficient of friction .1. It will be seen herc that
there are two large positive maxima and two smaller positive
maxima and four dead points, symmetrically arranged.

Diagram No. 6 shows two eccentrics driving, set 60 deg. apart
with the coefficient of friction .1. It will be seen here that the

ORIVING
" 4oort
]
Vake of M nkﬁlo
M =10 inch-Ibs.
NBANIRDE G4 &

Fig. 7

resultant driving moment is constantly positive, that as in the case
of the cranks driving there are two greater maxima and two lesser
maxima, and also that the minima never reach the 0 point but are
highly positive. It is clearly evident then that two cccentrics may
be employed to drive, set 60 deg. apart, and with the coefficient
of friction as high as .1, but that it would be impossible, in the
same arrangement with the same values, for cranks to drive the
eccentrics. Here again we believe we have found positive proof
that an eccentric is not a crank.

As further proof we have prepared diagram No. 7 in which two
cranks set 60 deg. apart are driving with a coefficient of friction
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of .2. It will be here seen in comparison with diagram No. 5 that
there are two greater maxima and two lesser maxima, that the dead
points have become much wider, that all the maxima are much
smaller, and that it would be impossible for cranks to be used as
driving means under this condition.

Also diagram No. 8 in which two driving eccentrics have been
set 60 deg. apart and the coefficient of friction is .2. Here it will
be secn by comparison with diagram No. 6 that there are two

ECCENTRIC
Tivo-60°,

——rT T T Ty
RN RPOEKLZ

Fig. 8

greater maxima and two lesser maxima somewhat smaller than in
No. 6, that the maxima are still positive and are large enough to
eliminate any doubt but that the eccentrics would drive. This goes
to show further that as the cocfficient of friction is increased the
efficiency of the device is decreased and that while the critical
point of driving for the cranks has been passed, yet it has still
not been reached for the eccentrics even for this great value for
friction. We have, therefore, further increased the value of the
coefficient friction to .5.

Diagram No. 9 with this value .5 of friction and two eccentrics
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driving, shows that while the maxima have been reduced, yet the
minima are still positive, that even with this extraordinary high
value of the coefficient of friction, the eccentrics will still drive.

In order to eliminate any doubt as to the effect of the coefficient
of friction we have prepared diagram No. 10 in which we have
two cranks driving set 60 deg. apart and in which the coefficient
of friction has been reduced to .05. Here it will be scen that the
maxima are a little greater, yet there remain four dead points
reduced in angularity, and the device could not be operated.

ECCENTRIC \DRIVING
Two - 60"\ Apar?

Vewe of ' wherr | ©,
//’/0:*
DERKHTT 08 b4,

Fig. 9

Diagram No. 11 shows two eccentrics driving sct 60 deg. apart
with the coefficient of friction .05. It will here be seen that the
minima are still all positive and that the maxima have increased
showing a fairly efficient driving device throughout.

Diagrams were prepared showing two cranks driving set 90 deg.
apart, with the coefficient of friction respectively .1, .2, .05. In
these diagrams it was shown that the maxima were symmetrically
90 deg. apart, that these dead points increased in angular width
as the coefficient increased, and that in no case could the device
be operated. Diagram No. 12 shows the characteristics of this
arrangement, with the coefficient of friction .1.
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Diagrams were also prepared in which eccentrics were driving
and set 90 deg. apart, and in which the coefficients of friction varied
respectively from .5, .2, .1 to .05, showing that with a higher
coefficient of friction the maxima were smaller, the minima were
smaller and yet all positive, and that with this arrangement the
device would operate.

Diagram No. 13 shows one of these diagrams, with the coefficient
of friction .5.

oNnhane 6 &

Fig. 10

Here we believe we have ample proof that with two cranks set
under most favorable conditions and with two eccentrics to corre-
spond, since with the cranks driving the device is not operative
and with the eccentrics driving the device is operative, that it
cannot be held that an eccentric is a crank.

That it might be clearly understood just how the angulanty be-~
tween the cranks is effected we prepared another set of diagrams,
in the first of which were shown two cranks set 30 deg. apart, and

A
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in the second, two eccentrics set 30 deg. apart. These diagrams
show the cranks driving set 30 deg. apart, with the coefficient of
friction varied, respectively, from .5, .2, .1 to .05.

Diagram No. 14 (coefficient of friction .05) shows the character-
istics of this arrangement; two large and wide angular maxima,
two smaller and narrow maxima and four dead points; these dead
points increased with the larger coefficient; the smaller maxima

ECTENTRIC
Two-60

Fig. 11

disappeared when the coefficient of friction became .2, and in fact
as the coefficient became .5 the greater maxima appeared only
during a comparatively small angularity and became so small as
to be almost negligible, showing that in no case can a crank sect
at 30 deg. apart possibly be used as a driving means.

On the other hand diagrams were prepared showing two eccen-
trics set 30 deg. apart and driving with coeflicients of friction,
respectively, .5, .2, .1 and .05.

Diagram No. 15 (coeficient of friction .05) shows the charac-
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teristics of this resultant and positive driving moment throughout
the revolution, this positive driving moment decreasing as the co-
efficient of friction increases, but still under these conditions leav-
ing a moderate driving resultant, still further proving that an
eccentric cannot be considered a crank.

In order to eliminate any argument that an eccentric is the
equivalent of a crank under some particular condition, we have
prepared diagrams Nos. 16 and 17. In diagram No. 16 we are
showing a number of curves plotted, using as abscissa the angles

Vate of M whe,
M = /O irch-1bs.
Y222 ZZRXR]

Fig. 12

from O to 90 deg. and as ordinates the resultant moments as ob-
tained in the formula No. 2 when eccentrics are driving cranks.
Let us consider first that these curves represent the resultant
driving moment at any angular position for a single crank and
eccentric.  'We ‘have assigned the same values to the various ele-
ments in this curve as we have used throughout this discussion, vix. :

R=1.5
r= .5
r’ = 2.937

The initial driving moment we have taken in these diagrams as




Dickinson: Analysis Between Crank and Eccentric 113

10. The coeflicient we have varied as is noted upon the diagrams
from .05 to 2. :

Disgram No. 17 has been similarly arranged, using the formula
No. 1 showing the resultant moment of the values when the cranks
are driving. It will be noticed at once the characteristic differ-
ence between these resultant moments, and as we have already
explained it should be noted that when the eccentrics are driving at
0 deg. the greatest minima is reached. This is uniformly —1.7
in all cases. In the diagrams showing the cranks driving the

ECCENTRIC
Two - 90°)

e or M’
when M=o’ *
Ffrrrorrry L

DRERRIDE 6

Fig. 13

greatest minima is, as we have explained, at 0 deg. aud reaches the
uniform point of —58.7. These diagrams can equally well show,
as we have stated, the resultant moment as any particular angle
for a single crank and eccentric; or they can show the resultant
moment of an infinite number of cranks driving an infinite number
of eccentrics (or the converse). Now if we measure the area
above the 0 on the ordinate line and mecasure the area below 0
on the ordinate line, the difference between the same will give the
lotal resultant driving moment for this same infinite number of
eccentrics driving, or in diagram No. 17 for an infinite number of
cranks driving. For convenience we have tabulated the results
of these measurements as follows:
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Fig 14
DIAGRAM NoO. 16 DIAGRAM No. 17
INFINITE ECCENTRICS DRIVING Area Mcd
Area Med. 18351-194 6.4

K= .05 1466-1 8.1 1008-272 4.03
K= .1 1193-3 6.61 677-532 .8
K= .2 904-7 4.98 195-852 -3.65
K= .35 5-1491 -8.25
K= 5 472-15 2.65

K= .9 253-25 1.26

K=135 123-37 .86

K=2. 37-58 -.0116

In order that the Med and Mecd columns of this tabulation may
be entirely clear let us explain, taking for instance, where an in-
finite number of eccentrics are driving in diagram No. 16 and
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K=.05. Here it will be seen that we have enumerated 1466 as
the positive area. This can be verified by counting the number of
squares from the particular co-ordinate paper from which this
print is made above the abscissa line and below the curve for
K—.05. "As we have counted them there are, as the tabulation
shows, 1466. The curve passes the abscissa and leaves, as near
a5 we estimate, one full square below as the tabulation shows.

Fig 15

We then have an area of a difference between 1466 and 1,
which would be 1465. This divided by the width representing the
entire curve or by 90 we would have 16.2 as the average height
or the positive area, but as we have taken two squares to represent
the ordinate units we must divide this again by 2 which would give
us the Med == 8.1.

Similarly all of the numbers in the column under the Med have
been developed, and so have the numbers under the column Mcd
been developed. This value it will be readily understood repre-
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sents the resultant driving moment in the first case for an infinite
number of eccentrics driving through varying degrees of friction,
and in the second case for an infinite number of cranks driving
through varying degrees of friction.

The results of this tabulation we have plotted in diagram No.
18 which as abscissa we have taken both positive and negative
values for the resultant driving moment. As ordinates we have
taken the coefficient of friction varying from 0 deg. to 2. The
lower curve represents the resultant driving moment when the
cranks are driving. It will be noted that this curve passes the
0 abscissa line somewhere between .2 and .3 friction. This shows

Fig. 16

at once that with the cranks driving when friction is increased a
little above .2 the total resultant driving moment Med becomes 0,
and under no condition with the proportions for crank and eccen-
tric as we have set forth could the device be an operative one.

The second curve on this diagram represents similarly the
resultant driving moments Med when the eccentric is driving and
will at once be seen to have an entirely different character from
the first curve. It ascends rapidly from where the moment is
equal to 10 and the friction is 0, crossing the ordinate at a point
of friction somewhere between 1.8 and 2, showing that only when
the friction has become impossibly high could a device in which
the eccentrics are driving become inoperative. Here we believe
we have found the ultimate proof that a crank is not an eccentric.

In order to eliminate any doubt that these measures and plotted
calculations may have led us into error, we have employed a
calculus formula which gives us at once the total resultant moment
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when an infinite number of cranks are driving, and a second
formula which gives us at once the total resultant moment when
an infinite number of eccentrics are driving. For the cranks driv-
ing we have taken the original formula in which

Mcf (R Sin 4 —kr") (No. 1)
Mcd =

RSin A4 + kr

In order to get this equation into a form which may be integrated
we have taken the value for Mcf out of the equation by making
it equal to one. We have let s = kr and b = R. By inspection
we find that a is less than b. We also find that the equation
then takes the following integral form (Osborn, pp. 226-7).

dz 1 aTan3d +b— Vb*— &

f = —— log

a4 b(Sind) Vbi—a? aTané.4+b+Vb"—a"'

Now—Formula No. 1 may be written

R Sin 4 kr’
Y _  —_—m—m e —— — —_—
R Sin 4 + kr R Sin 4 + kr’

kr k!
Y = —_— de— _——|d.
f(RSinA-}-kr) i f(RSinA-i_kr)"

fdl—k . _r)fR Sin 4 + kr

Now, substituting the values of R=">b and kr=a, and inte-
grating, we have

i (r'—r) krTan 4 + R — \VR*—k* r*
Y ={d—k log
0 VR —k* 5 krTand 4+ R + VR*—k* r*
Substituting the limits 4 =0 and 4 = }» we have the summa-
tion (Formula No. 5)
k(r—r) kr4+R— VR —k* =
Y=4r— —— log — — 0 -
VR =} 2 kr 4+ R4 VR — ¥ ¢
k(r'—r) R— VR —k* 5
log
VIE—F ¢ R4 VR 7

In diagram No. 18 it is evident that somcwhere between .2 and
.3 when the cranks are driving the device becomes inoperative.
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Using this formula just. developed and substituting values as
enumerated, after several substitutions we found that by using
k = .221 the resultant driving moment became 0, thus furnishing
a mathematical proof that if the coefficient of friction has the low
value .221 when an infinite number of cranks are driving an infinite
number of eccentrics the device becomes inoperative.

Similarly when the eccentrics are driving we have been able to
find an expression by calculus by which we have found the total
resultant driving moment. In this case, & is greater than b.
Then the integral takes the following form

. dz
Y — ’ -
*“a+4b Sin 4
Integrating we have
2 ’ ATan3d 4+ b
Y= ——— Tan™! _—
Va:— bt Va: —b*

Now when a = kr’, b = R, we have the formula
Y~ f de—k (r 4r)
~ 2 kr’ Tanid 4+ R
] —————— Tan™! R —
VIE F—R? VI —R*

Substituting in this formula as we did in the previous one the
limits of 4 between 0 and 37 we have

(Formula No. 6)
2k (r'4r1) kr’ +r
- Tan ! _— — Tan™!
VI PR VTR
It

VEr—R? (Formula No. 6)

By investigating, using the value of 1.91 for the coefficient of
friction, we find the resultant driving moment to be an angle of
89.7 deg. This would indicate that with a coefficient of friction
a trifle higher than this value, an infinite number of eccentrics
driving the total resultant moment would become 0. Comparing
this value k = 1.91 when the eccentrics are driving, with the value
obtained with cranks driving (k = .221) we sec again a true com-
parison between cranks and eccentrics respectively as driving
means, verifying the curves plotted on diagram No. 18, that only
a moderate degree of friction will make inoperative a crank driving
device having an infinite number of eranks driving, and that only
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when the impossible limit of k = 1.91 is reached would a device
with an infinite number of eccentrics driving become inoperative.

Referring to diagram No. 1 it can be understood from the dis-
cussion up to this point that with the eccentric driving in a clock-
wise direction, for instance, there would be a moment in the direc-
tion of rotation at the crank pin and due to the friction at the
eccentric boss and transmitted to the crank pin end by means of
the connecting rod. It can readily be seen that this would produce
an assisting increment of moment during the outboard throw of the
crank which should be added to the total resultant moment.
Also this increment of moment would tend during the outboard
throw to reduce the critical angles at that position, but on the other
hand, on the inboard throw this increment would oppose and must
be subtracted from the total resultant moment at the crank end and
would decrease the total resultant driving moment, thus increasing
the critical angles as much as they would be decreased by this same
moment during the outboard throw. On the other hand it can
readily be understood how there will be a similar moment at the
eccentric end produced when the cranks are driving, this moment
producing an assisting increment during the outboard throw which
would be added to the total resultant moment and an opposing
increment which must be subtracted during the inboard throw at
the eccentric end, producing as in the first case a tendency to de-
crease the critical angles during the outboard throw and increase
them during the inboard throw. It can easily be proven that these
moments will be respectively proportionate to the radius of the
crank pin and the eccentric boss, and consequently a much greater
one will be found at the crank end than at the eccentric end. We
have not considered it necessary to develop formule that would
represent these moments because the increment thus produced would
be so small as would be practically negligible in the case we are
prescnting and the real effect would lie in the causes as we have
set forth in our general discussion. However, the careful analysis
of these increment moments would tend further to prove that an
eccentric is not a crank.

SUMMARY

Formula No. 1 arranged to show the resultant moment when
the cranks are driving. This we have compared with formula No.
2, the resultant moments when the eccentrics are driving, and we
have found a vast difference between the resultant moments. By
means of these formule the resultant moments have been carefully
analyzed and the results in different positions very clearly shown.
We have found at once that these moments are dependent, first
upon the coefficient of friction which we have shown varying
between reasonable limits. Second, on the radius of the crank
pin as compared with the radius of the eccentric sheave or boss;
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R, which has been used to represent the throw of the eccentric or
cranks, also enters the equation only as a constant.

In formula No. 8 we have been able to show the “critical angles”
when the eccentric is driving in various positions

In formula No. 4 we have similarly shown “critical angles” for
a crank driving and we have made a comparison between these
critical angles, and the results are very positive, distinguishing very
clearly between a crank and an eccentric.

Again these have been dependable upon the same elements as
the resultant moment was dependent, namely,

r—crank pin radius

r’—the radius of the eccentric sheave
R—the throw of the crank

k—the coefficient of friction

In a number of diagrams we have shown the compound resultant
moment when two cranks were driving two eccentrics, or when two
eccentrics were driving two cranks. We have varied the angular
relation between the cranks and the eccentrics respectively so as to
"eliminate any doubt as to the supposition that there might be some
angular arrangement whereby a driving device might be produced
when the cranks are driving, and we believe that our diagrams and
our explanations have been entirely clear to the point that eccen-
trics cannot be considered cranks. '

In diagrams Nos. 16 and 17 we have shown the resultant moment
of an infinite number of cranks driving an infinite number of
eccentrics, and also for an infinite number of eccentrics driving -
an infinite number of cranks. In these diagrams we have been able
to find a total which is the average resultant moment, and in these
diagrams we have varied the coefficient of friction so as to reach
the limit of movement in each case. When the eccentrics were
driving we found that the coefficient of friction must reach the
impossible limit somewhere between 1 and 2 before the device
becomes inoperative. On the other hand when the cranks were
driving we found that it was only nncessary to increase the co-
efficient of friction somewhere between .2 and .3 before the limit
was reached and the device became inoperative.

Now it is easy to understand that even if an implement could
be produced in which an infinite number of cranks could be
arranged to drive an infinite number of eccentrics, if the operator
became careless and neglected to oil the same, or allowed a little
dirt to get into the bearings, or the bearings to get a little out
of adjustment, any of which conditions are more than likely to
arise, then would the coefficient of friction arise to somewhere
above .2 and his machine would stop. In fact .2 is a commonly
found measure for the coefficient of friction. On the other hand
if eccentrics were driving cranks the machine would run even untijl
the bearings had become almost welded together, or so clogged
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with dirt and rust that it would almost be impossible for them to
turn at all.

To support these diagrams we have produced formula No. 5
in which we have mathematically shown that the coefficient of
friction after it has passed .221 would be sufficient to stop the
cranks driving the eccentrics, and on the other hand by formula
No. 6 we have proven that it would be necessary to increase the
friction to the impossible high limit of something over 1.91 before
cccentrics driving cranks would become inoperative. We believe
that these diagrams and these formule are conclusive evidence to
sustain the point we have taken.

To further substantiate our theory we wish to quote the follow-
ing well known authorities:

Unwin—page 183 (Vol. 2):

“The friction of an eccentric is much greater than of a crank.”
D. A. Lowe—page 55, Machine Design:

“The crank can be used for converting circular into reciprocat-
ing motion or vice versa, while the eccentric can only be used for
converting circular into reciprocating motion. This is owing to
the great leverage at which the friction of an eccentric acts.”

This is exactly what we have shown in our diagrams and what
we have substantiated in our formule.

Again—

Unwin—Book 2, page 92, Machine Design:

“An eccentric is a modified crank. It is really a crank with
a crank pin enlarged so as to include the crank shaft. The friction
of the eccentric is much greater than of a crank and it is, there-
fore, not used where ordinary cranks can be applied.”

Again—

Page 98—Paragraph 63 of the same reference:

Friction of an eccentric. Let R be the radius of the eccentric
sheave in inches; P be resistance of the slide valve or other part
moved by the eccentric, in pounds; N the number of rotations per
minute; k the coefficient of friction. Then the frictional resistance
at the surface of the sheave is about k¥ P pounds and the work ex-
pended in friction is

: 2kP RM

12 z 60
foot pounds per second or putting k =to .06 becomes equal to
.00052 P R M foot pounds per second. This is so large that in
some cases it amounts to 20 or even 25 percent of the whole work
transmitted by the eccentric.”

In final conclusion we believe it cannot be denied that a crank
can equally well drive or be driven. An eccentric will drive fairly
well compared with a crank but in no measure can it be driven as
compared with a crank, and in our particular case the ordinary
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value of friction which we might expect would make it absolutely
unsafe to utilize cranks as driving members to eccentrics on a
machine such as has been the subject of this particular analysis,
and especially when the number of cranks is limited, as our case
has limited them, to two, it is evident that it would be impossible

to employ cranks to drive eccentrics even under the most favorable
conditions.

EQUALIZERS AND HITCHES
E. A. Wurre,! Member Amer. Soc. A. E.

In our present agricultural practice the connection between the
prime-mover and the implement (where a tractive unit is used) is
designated as an equalizer when horses or mules are used and as
a hitch when a tractor is used to generate the required power.
Equalizers and hitches must be used.  Time need not be spent
arguing about the importance of thesc connections. The problem
is to develop a method for making a fundamental mechanical
analysis of these units. Fortunately, no problems are presented
which cannot be solved by the proper application of well known
mechanical principles.  There are at the present time numerous
devices used as equalizers and hitches. Many claims have been
made for certain patent equalizers and hitches, which claims have,
in turn, been stoutly refuted. This paper presents a method by
which equalizers and hitches may be analyzed, thereby affording
a means of making fundamental comparisons and when desired
predicting the results which may be expected in a given case..

It is a well known principle of mechanics
that one force or one force and a couple may
be found which will produce the same effect
as a number of forces. In addition to this,
due consideration must be given to Newton’s
Third Law, namely, “Action and reaction
are equal and opposite.” A proper appli-
cation of these universally accepted laws,
together with other well known principles
of statics, furnishes the keys to a thorough
understanding  of equalizers and hitches,
and will clarify many problems which, on
the surface, appear to be complicated and

perplexing.
As the first general case, take the condi-
Fig. 1 tions which are represented in Fig. 1. The

load moves in the direction ab and the

1 Dept. of Farm Mechanics, University of Illinois, Urbana, TI1.
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prime-mover in the direction ¢d. The hitch is attached to the load
at the point b and to the prime-mover at the point ¢ in such a
manner that the drawbar takes the position be. The line ab is
parallel to the line cd, both of which are parallel to the direction
of travel. Let the tension in the drawbar ¢b be represented by F,
and designate the angles which this drawbar makes with the «,
—y and —2 axis respectively-as a, 8 and y. The force from the
load acts upon the motor in the direction cb, and can be resolved
as follows:

F,=F cos a

F,=F cos B

F,=F cos y

]

| Sl o3

Fig. 2

If a tractor is used, force Fy will tend to pull the rear end
of the prime-mover to the right and swing the front end to left.
Force F., will produce a downward pull upon the tractor. The
exact manner in which this affects the operation of the tractor
will depend upon where the point of attachment ¢ is placed with
reference to the wheels. The force F_, is the effective force
acting opposite to the direction of motion. The effects produced
upon the load are equal in magnitude and opposite in direction
from those produced upon the prime-mover. F, is the only force
which is effective in the direction of motion and is therefore the
only force which should be taken into consideration when com-
puting the drawbar horse power required to move the load. Sup-
pose that this unit moves at the rate of n feet per minute, then

H.P.—Fcosy.n

33000
Very few hitches, however, are as simple as the general casc
just considered.
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In Fig. 2, an equalizer frequently used in attaching three horses
to a wagon with a single tongue, is illustrated." The equalizer is
attached to the tongue at points k and k in such a manner as to
allow the members to rotate about these points as centers. The
attachments at points d, f, j, b, and m are of such a nature as
to make them free-moving joints. The load moves parallel to the
z—axis in the direction gh and- the forces exerted by the
horses A, B C and act parallel to the line gh. The member km is
to remain parallel to fj.

The first problem is to analyze the distribution of the pull
between the draft animals. Let the force exerted by horse A be
represented bv F. As nd = pd, the force exerted by horse B will
also be F. The force applied at point f will then be 2F. The
member fkj can be considered as a lever of the first class with the

fulcrum at k and a force of 2F applied at point f. From the law
of levers: ’

2F-26—=x.18
z=—289F

This force 2.89 F applied at point j must act parallel to fd.
The force at point j, however, acts in the direction jb. In order
to find the force in this direction the force 2.89 F' must be resolved
into two forces, one acting in the direction jb and the other in the
direction hj. This is possible, but unnecessary for the present,
because when lever kbm is considered, the force acting in the
direction bj must be resolved into two forces, one acting parallel
to the force 2.89 F and the other acting parallel to km which is
parallel to kj. Therefore the force 2.89 F will be equal to the
force at b, call it y, which acts parallel to the force C. In order
to find force C consider kbm as a lever of the second class with the
fulerum at k and the weight y applied at b, then

y 6=C-17
r=y=289F
(289 F)Y6=C-17
C=102F

Thus it appears that for all practical purposes this device
equalizes the pull between the draft animals when used under the
conditions illustrated in Fig. 2.

The next problem is to analvze the effects produced by this
hitch upon the load. The tension in the unit jb is equal to z sec a;

16.28
rseca=289F - —— =428 F
11
1In this paper straight line diagrams will be used. This method simplifies

the discussion and introduces no appreciable errors from the standpoint of gen-
cral analysis.
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The component of this force applied at point j which acts in
the direction jh is
428F- 12
— =38.15F
16.28

--#----> This same component acts at the point b in the
J direction kb. Thus we have two equal and parallel
N forces applied at the points k¥ and k but acting in
J’ opposite directions, as illustrated in Fig. 3. This is
--®--4- 3 couple and produces the condition commonly known
Fig8 45 “side draft.” The moment of the couple is

11 (3.16 F) — 34.65 F
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Fig. 4

This couple which tends to rotate the load must be balanced by
a force acting about a fulcrum or a couple having the same
moment as the couple tending to produce rotation. This will
make additional friction which must be overcome in order to move
the load in the direction gh. The increase in draft duc to this
hitch is directly proportional to the moment of the couple which
acts on points k and h.

The next problem is to compare the patent hitch illustrated in
Fig. 2 with the ordinary 3-horse hitch attached to an offset from
the tongue as illustrated in Fig. 4. The horses A, B and C exert
the same forces and are placed in the same relative positions as
’ for the hitch illustrated in Fig. 2. The resultant of the forces
exerted by the horses A. B and C is applicd at f, and is equal to
302F. The resistance from the load acts in the direction hg,
and, as action and reaction are equal in magnitude, it must equal
302F. This condition gives a couple tending to produce “side
draft” the moment of which is:

(38.02F) 11.56 = 34.7 F
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Thus it appears that the hitch illustrated in Fig. 4 produces the
same effect upon the load as the patent hitch illustrated in Fig. 2.

Patent hitches have been chiefly developed for the purpose of
eliminating ‘‘side-draft,” on horse-drawn implements when it is
desired to use three horses on a single tongued implement or when
four or more horses are to be worked abreast on plows. These
patent devices all have two points of attachment to or contact
with the load so placed that a couple can produce a twisting effect.
A careful analysis of a large number of these hitches, of which
the case discussed above is a fair sample, shows that they produce
exactly the same moment of couple upon the load as would be
the case if a simple hitch was used with an offset for the point
of attachment.

\A : Iv

Fig. 5

The results of practical experience in the field with these patent
hitches has generally been unsatisfactory. An analysis of these
same hitches explains why they are no better than the simpler
forms. Occasionally it may be desirable to use these patent
hitches in order to secure a more desirable distribution of the
strains in the members. Under certain conditions a more sub-
stantial hitch may be secured but it should always be remembered
that the draft will be increased in direct proportion to the moment
of couple produced. When in use the hitch illustrated in Fig.
2 will take a position similar to that shown in Fig. 5. The tongue
will make an angle a with the direction of travel and the horses
A and B will also work at an angle to the direction of travel,
horse A usually making a greater angle than horse B. The
resultant of the forces exerted by horses A and B will make an
angle B with the line of motion. This resultant has a component
which acts perpendicular io the line of motion about an unknown
fulcrum whose moment acts in the opposite direction to the
moment producing “‘side draft.”
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TRACTOR HITCHES

The discussion of tractor hitches will be limited to those
ordinarily found upon plows. In general (climinating a few
patent hitches seldom used) tractor-plow hitches are of two
classes, differing essentially in the range or horizontal adjust-
ments permitted at the plow. In Fig. 6 a hitch is represented
which allows a very wide range of horizontal adjustment in addi-

Fig. 6

tion to a vertical adjustment. The hitch illustrated in Fig. 7
has a very desirable vertical adjustment, but the range of the
horizontal adjustment is more limited than in the case of the
hitch illustrated in Fig. 6. Thesc hitches both contain the same
fundamental elements—three bars making a rigid triangle with
a single point of attachment for the clevis which makes the con-
nection between the hitch and the tractor. In order to illustrate
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Fig. 7

the method of analyzing these hitches for purpose of comparison
a few typical cases will be considered. Unfortunately it is not
known whether the forces which resist the motion of a plow can
be resolved into a single force or a force and a couple. In either
case, however, it is evident that there must be some line in which
the resultant of the forces which move the plow should act in
order to give a minimum draft and to produce conditions most
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favorable from the standpoint of operating the plow. In this
paper the resultant of the forces resisting the movement of the:
plew will be represented by a single force. Any error which may
be involved in this assumption can easily be taken account of if
later investigations prove it to be incorrect. Further, the effects
of the vertical angle of hitch are omitted from the discussion.

In Fig. 8 the adjustments are such that the clevis ¢b, connecting
the hitch and tractor falls in the line of motion of the center of

Line 0f Motion
a

Line 0‘{ Motion
a
b I

¢

Fig.8 . Fig. 9

tesistance of the plow, en. In this case there is no “side draft”
on the plow. If the line of motion of the resultant of the forces
tesding to move the tractor falls in the line cb extended, there
will be no “side draft” on the tractor. If, however, this resultant
from the forces of the tractor does not fall in the line bc extended
there will be a tendency to rotate the tractor equal to the moment
of the couple produced. In the hitch the entire load is carried
on the member ce. The member df is neither in compression or
tension. It is vseful on the turns or when the plow strikes an
obstruction which tends to force it out of the line of motion.
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In Fig. 9 the member bc is parallel to the line of motion, and
falls in the same line (on) as that produced by the motion of the
center of resistances of the plow. In this case there is no “side
draft” on the plow. The only problem, then, is to analyze the
strains produced in the members of the hitch. The method here
presented is general and thercfore will be given in detail.

Let the tension in the clevis ¢b be F pounds. The tension in
ceis Fy:

F,=Fcosa
Acting perpendicular to ce at the point C is a force F,:
F,=Fsina
This force F, acts upon cde as lever and produces tension in
df, which will be designated as F_. From, the law of levers
F, (39) = F, (29.5) sin ®
} 39 1
F,=F,—-
29.5 sin®

From this lever there will be a reaction at point e, (F,). Taking

moments about point d:
F, (9.5) = F, (29.5)
9.6
F,=F,—
29.5

F, can be resolved into two forces: F. acting parallel to the
line of motion but in the opposite direction and F, acting per-
pendicular to the line of motion:

F,=F;sinB
Fy=Fscos 8

At point e, F, can be resolved into two forces, F, which acts
parallel to the direction of motion, and F,, which acts perpen
dicular to the line of motion.

Similarly, at point f the force Fy can be resolved into two forces,
F,, and F,, which are respectively parallel and perpendicular to
the line of motion.

Then it follows that: _

F.+F,+F,=F
Fs+F,,+F,=0

If the clevis be does not fall in the line of motion of the center
of resistance of the plow then the conditions illustrated in Fig.
10 may arise when the hitch shown in Fig. 6 is used. Under
these conditions the clevis be will make an angle ® with the line
of motion. Let the tension in the clevis be F pounds. At b the
point of attachment to the tractor, this force F can be resolved
into two forces, namely, F, — F cos ® which opposes the motion
of the tractor and F, = F sin & which acts perpendicular to the

-
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line of motion and tends to rotate the tractor. In hitches of this
kind the point of attaching the clevis to the tractor is usually to
the right of the line of motion of the resultant of the forces which
move the tractor, in which case the moment produced by the force
F. will act in the opposite direction to the couple tending to
rotate the tractor. As a special case these two moments may
halance each other. The stresses in the members of the hitch can
be analyzed in the same manner as given above for the hitch

Line 0f Motion

7

be = 4'.
gd - 84
- 304
d? - 38%
ef = 244
d
¢/
\\
\\ |
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Fig. 10

illustrated in Fig. 9. As the clevis ¢b does not fall on the line no
extended there will be “side draft” on the plow. At point C the
force F can be resolved into two forces as follows:
F;=Fcosa
F,=Fsina
The force F, applied at point ¢ is opposed by an cqual force
applied at point o, which acts parallel and opposite to the direc-
tion of motion and consequently to the force F;. The moment of

R R U
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this couple is Fy multiplied by the perpendicular distance from the
line no to the point ¢, and it will tend to rotate the front end of
the plow to the right.. Opposed to the action of this couple is the
moment of the force F, applied at point C and acting about an un-
known fulcrum. The increase in draft due to the hitch is directly
proportional to the difference between these two couples.

The conditions represented in Fig. 11 may occur when the hitch

Line 0 Motion

Fig. 11

illustrated in Fig. 7 is used. The chief difference between this
case and the one represented in Fig. 10 is that the angle formed
by the intersection of the units ec and bc falls to the left of be.
This will cause the unit ce to be in tension and the unit df to be
in compression. In the ultimate analysis the tendency of this
hitch to produce “side draft” will be found to be the same as for
the hitch illustrated in Fig. 10, but the stresses will have a very
different distribution in the various members.

The analysis of equalizers and hitches given in this paper by
no means completely covers the field. Many important practical
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applications have been entirely omitted. The problem is too large
to discuss completely in a paper of this length. An attempt has
been made, however, to present the fundamental method of attack-
ing the problems presented.

DISCUSSION

Presipent Scoates: This has been a very interesting paper
to all of us on this very vital subject. Are there any questions
vou would like to ask Mr. White?

Mr. Sueop:' I believe the statement was made that the draft
was increased in proportion to the size of the couple tending to
produce rotation, that is, side draft. I'd like to ask whether that
is mathematically correct? It seems to me if you have one force
forward, one to the side, the result is an angle you call alpha.

Mer. Wuite: (Indicating) Every time you have a center of
resistance acting here, over here you have your pull—you have a
tendency to rotation that must be overcome. In the case of most
of our implements it is overcome by some forces, probably a
couple, that makes increased draft to overcome the friction that
is thrown in there. If you are not satisfied with those analyses
built up, put these equalizers in there and hold them in position.
Those forces will very soon tell you where thev come, how they
act and what they are. We took sub-scales, built big frames and
put scales in every joint in such a manner that the equalizer is
held in the position it is in the field and put a load on it. That
shows that there is a couple produced on all these equalizers. I
realize that I am going contrary to what has been, perhaps, con-
sidered as correct in literature, in analyzing these equalizers and
hitches. I was fully aware of the point Mr. Shedd brought up
when I started on this paper. There was a paper put out by
Mr. Watson bringing out that the increase in draft would be in
proportion to the third side of the triangle. My study of the
proposition does not lead me to believe that is correct.

! Department of Agricultural Engineering, Towa State College, Ames, Jowa.
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RELATION OF LARGE MACHINE UNITS TO
PRODUCTION

By Ar~orp P. YErkes.!

Other things being equal, it is a self-evident fact that produc-
tion increases in direct proportion to the size of the machine; a
12-inch plow will plow twice as much ground in a given time, and
therefore produce twice as much as a 6-inch plow; a 12-inch two-
bottom gang plow will produce twice as much as a 12-inch walking
plow, and so on.

This being so evident, rather than to undertake to give figures
on acreages, etc., for different sized implements, such as “with
a one-row corn cultivator a man can properly care for 40 acres
of corn or other tilled crops and with a two-row cultivator he can
properly tend 80 acres”; or that “with two horses and a 12-inch
walking plow a farmer can plow 2 acres per day under favorable
conditions, while with four horses and a 12-inch gang plow he can
cover 4 acres in the same time”; or to quote figures similar to the
oft-repeated statement that in 1850 one farm family supported
only one other family in the city, while in 1910 one farm family
produced sufficient foodstuffs to feed two families in the city;
which have been stated so often they have become an old story
to most of us—1I decided it would better in treating the subject I
was asked to discuss to deal more largely with the reasons for the
continuation of older and less efficient machines and methods on
so many farms and the possibilities of hastening the adoption of
improved machinery on such farms.

The improvements which have been made in farm equipment and
methods during the past century are, of course, universally realized
by members of this society. With all due respect to the improve-
ments in methods and equipment in other lines of industry, it is
doubtful if any of them have made any greater progress, com-
paratively, than has agriculture. In a few years it has progressed
from the cradle and the flail to the harvester-thresher which per-
mits two men to thresh and clean 20 acres of grain per day. In
about the same period it has passed from the wooden plow which
turned an indifferent furrow, covering perhaps an acre per day,
to immense plowing outfits which will cover from 20 to 30 acres
per day. From a bundle of brush, a split log, or a few planks
fastened togcther and drawn over the plowed ground by oxen or
horses, covering from 5 to 10 acres daily, it has progressed to

different types of scientifically constructed steel harrows, packers,
pulverizers, etc., which, when used behind a modern prime mover
will cover from 50 to 100 acres, or even more in a day and do

1 Of the International Harvester Company.
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much better work than the earlier makeshifts. From these and a
hundred other similar examples which might be mentioned, it cer-
tainly seems safe to state that the agricultural industry has at
least held its own in the development of efficient labor-saving
machines and methods.

COMPARATIVELY FEW USE LABOR-SAVING EQUIPMENT

In view of these improvements and the possibilities which they
offer of increasing the output per man on American farms, it might,
at first glance, seem remarkable that such equipment is not in
almost universal or at least more general use by American farmers.
There are many farms in the country even today where grain is
still being cut with a cradle and bound by hand; 1-horse walking
cultivators and walking plows are predominant in large areas of
the country, and so on. Whv this state of affairs when such
efficient equipment is available? Before attempting to answer
this question, I want to sav that the farming industry is not alone
in not fullv utilizing the improved equipment and methods which
have been developed and are available to it. A casual observation
will convince anyone that only a comparatively small percentage
of any industry utilizes the very latest and most efficient methods
and equipment available to that industry. Is all city hauling done
with motor trucks? Are all manufacturing plants fully equinped
with the latest and most efficient machines? Far from it. Take
the plants manufacturing automobiles. A few of them are uqmg
the latest and most efficient machine tools, turning out the various
par® in-large quantities and at a minimum expense. Their shops
are designed in accord with the very best shop practice so as to
keep all the material moving in one direction, no doubling on its
track, and no lost motion. Other shops are less efficiently
equipped and designed in varving degrees, yet thev are all manu-
facturing a similar product to be sold in a competitive market. So
long as the demand is good and prices fairly high, they will all
make a profit, though the less efficiently equipped shops will obvi-
ously make the smallest profit and when adverse market conditions
arise, they will naturally be the first to go to the wall.

There are a number of reasons for this varving degree of effi-
ciency in the equipment of both factories and farms. In the case
of a manufacturmg concern equipped with old stvle machinery
which is still serviceable. verv often its present business is not of
sufficient volume to justifv the increased investment necessary to
install the most up-to-date and efficient equipment, and the men
responsible for the directing of the business do not have adequate
assurance of a large enough possible increase in the business to
justify such an expenditure in the hope of increasing it. In other
cases, the location of the plant may be such as to prevent the
utilization of the most efficient machinery and cquipment; in still
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others a difference in the raw materials used may have the same
effect, and so on. But if you asked business men their reasons
for not employing the most up-to-date machines, the great majority
of them would doubtless reply truthfully that their business was
not large enough to justify it. Many farmers would give the
same reason, but I want to point out the fact that it is much
easier to enlarge the farm than most other lines of business.

EFFICIENT METHODS MEAN LOWER COST PRODUCTION

It is obvious that the farmer who can make use of the most
efficient machines can produce his crops at a lower cost than a
farmer who is less fortunately situated and who endeavors to
raise the same crops. While it is probably well known to all the
members of the American Society of Agricultural Engineers that
the farming business is, in the true sense of the word, a competi-
tive one, the impression prevails so generally among people unac-
quainted with agriculture that there is no competition in farming
that it may not be amiss to call attention to the fact that the price on
farm products is determined to a considerable extent by the cost
of production on those farms on which the bulk of the crop is
produced. For example, when the price of wheat falls to say $1
per bushel, those farmers who are well enough posted on the cost
of producing wheat on their farms to know that they cannot pro-
duce it at a profit for $1 per bushel will, of course, stop raising it
unless it is especially desirable in their crop rotation for seeding
grass, or serves some other useful purpose which will justify its
continuance in the crop rotation when the receipts from the sale
of the grain itself will not cover the cost of growing it. The same
thing happens as the price falls to other levels; as the price goes
down, more farmers must quit raising it, the same as in a manu-
facturing business. This has the effect of reducing the amount of
wheat produced in those sections where conditions are not par-
ticularly favorable, and at the same time tends to increase the
amount grown in the sections best adapted to its production. As
prices increase, the reverse holds true. When the demand is such
that the price level ascends to a point where farmers who have not
been growing wheat believe that they can make a profit, they will
begin planting wheat.

It is obvious that those farmers who are unable to utilize the
most efficient machines and methods, or who are located on poor
soil, must necessarily be the first to quit growing a crop as prices
fall. It is this influence in its broad aspect which determines to
a great extent the type of agriculture followed in any community,
Soil and climatic conditions, of course, are a primary influence, but
ay these in turn affect the utilization of certain machinery or
mcthods, it is apparent that the equipment problem is also jm-
portant.
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The desirability of increasing the production per man through
the use of the most efficient machinery in all industries is most
obvious. It is a generally accepted fact that during the next few
years there will be keener competition between tne commercial
interests of the various nations than ever before. This compe-
tition is not going to be restricted entirely to industries other than
agriculture. ‘I'ne most fertile'and generally desirable farming land
in this country has already been settled, and is being tilled to a
great extent. Most of this land has a comparatively high value.
But there are several other countries where tnere are still enormous
tracts of very fertile, low priced land which has never been put
under the plow which will be brought under cultivation during the
nest few years, and such cultivation will be carried on by means
of the most improved American-made farm machinery (or imita-
tions of it). A good idea of what we must expect along this line
was given yesterday by the gentleman who spoke regarding the
enormous possibilities of undeveloped land in South Africa as a
world granary.

In view of these facts, it behooves the people of this country to
make use of the most efficient methods in all lines of industry, in-
cluding agriculture.

I submit that the most important problem which today confronts
- the agricultural engineers of this country, as well as other organi-
zations for the promotion of agriculture, is to assist in the utiliza-
tion to a greater extent than ever before of existing improvements
in agricultural equipment, in order that the vast majority of Ameri-
can farms may be organized and equipped on a basis which will
enable them to compete successfully with those farmers in other
countries who will be operating under highly favorable conditions
with regard to land values and modern equipment. If this is not
done, it will be only a matter of a few years before we are im-
porting large amounts of staple farm products from other countrics
where American-made machines are being used efficiently under
favorable conditions, permitting successful competition with the
farmers of this country.

We may well take pride in the progress which has been made in
developing improved farm machines in the past and look forward
to greater achievements in this direction in the future. But we
must not lose sight of the very important fact that only a very
small percentage of the farms of this country are today making
use of such improved equipment as is available. Of what avail
are such machines as the harvester-thresher, the tractor, the motor
cultivator, and so on, when only a small percent of the farmers
of the country are utilizing them at the present time?

I am sure few people will question the desirability of having
every possible effort made to hasten the adoption of improved
machines by farmers. Thousands of dollars worth of advertising
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of all kinds is being turned out every day to accomplish this pur-
pose, and nearly all literature which reaches the farmer’s hand
contains articles extolling the virtues of modern farm machines, and
telling him he should be up to date and make use of all such
modern equipment. At the same time there is a dearth of prac-
tical suggestions as to how he can use such cquipment with profit.

The desired result cannot be accomplished simply by telling the
farmers of the country about these large and improved machines,
how well built they are, the number of anti-friction bearings they
contain, the beautiful shades of paint used on them, etc. Most
farmers are already aware of the existence of such equipment and
will admit the advantages it possesses. Many who are not now
using it would be willing to adopt it on their farms today if they
could only see to their own satisfaction how they could utilize it
with profit.

MODERN MACHINERY EARNS MONEY FOR THE OWNER

It must be borne in mind that a great many farmers do not re-
quire any advice whatever regarding the management of their
business—they are entirely competent to conduct it to the best
advantage. To influence the others, what is needed, it seems to
me, is to point out to them the conditions under which this improved

equipment can be utilized to advantage, and then tell them how °

they can make their conditions meet such requirements. Sugges-
tions must be practical. It would not be practical to suggest to
the publisher of a small weekly paper with a circulation of two
or three thousand that he should obtain an octuple press such as
is used by the publishers of a large metropolitan daily with several
hundred thousand circulation. It could be truthfully pointed out
that the octuple press turned out papers several times faster than
the small one, cost less per copy for operating expense, that the
use of such modern equipment was a sign of progressiveness, and
that since it would do the work so much faster it would permit of
doing a much higher quality of work. Furthcrmore, that since it
would not be kept busy all the time on the small paper it could
be used to do outside work. It is not probable that such argu-
ments as these would carry a great deal of weight with most small
publishers. The strongest and only really valid argument of those
mentioned would doubtless be that relative to doing job printing
for others, and in many cases small publishers do install presses
of greater capacity than their own nceds demand and then keep
thesc presses reasonably busy, and have them carn some money by
doing job printing with them. But many publishers do not care
to go into the job printing business, and many farmers do not care
to get into the business of doing custom work for ncighbors.

There is no doubt whatever that the purchase of some of the
larger farm machines is an excellent investment for a small farmer

e A m
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who will use such machine for custom work when not needed on
the home farm, and thousands of farmers are making money from
such work. At the same time, there is a limit to the amount of
such custom work which can be done in any community, and the
fact that a farmer has time to use a machine for such work is
proof that the home farm is not large enough to keep its equip-
ment busy during the working season. While many farmers find
such custom work profitable, such machines would usually prove
even more profitable where the owner keeps them busy on fields
from which he will receive the entire profit from the crop.

The principal reason which will justify the installation of a large
octuple press in the case of a publisher is to have a circulation

Modern machinery is enlarging the farms in the states that produce the
bulk of our food-stuffs

which will require nearly the full capacity of the machine. And
the principal justification for the purchase of most of the improved
equipment on farms today is to have a sufficient acreage for it to
cover to keep it busy during a large part of the working scason.
This fact is so obvious and has been so fully demonstrated on
thousands of farms in actual practicc that it should be unnecessary
to even touch upon it before a meeting of this kind. But strange
to say, it is the one point which receives very little mention in the
reading matter which reaches the farmers of this country, either
in the agricultural publications or catalogues and other literature
extolling the virtues and capacity of large and improved farm im-
plements. S )

On the contrary, the farmer is constantly being told that the
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tendency in this country is toward smaller farms and more inten-
sive cultivation. When he is urged to buy a tractor or other
machine which will multiply his efficiency and permit him to do
the work on his present acreage in much less time than was required
by old methods he is told that he can do a better quality of work
and farm more intensively, and so obtain a greater yield per acre
which will make such equipment just as valuable to him as to his
neighbor who is growing the same crops but who grows a much
greater acreage of them, using about the same amount and kind of
equipment.

To read some.of this sort of advice which is handed out to the
farmers one wants to use a popular slang phrase and inquire
“where do they get that stuff?”” It reminds me of the verse by
Lee Shippey as follows:

THEY ALL DO IT

In our little town—ah, sad to tell:~—

There’s a merchant who doesn’t know how to sell,
A lawyer who doesn’t know much of law,

A sawyer who doesn’t know how to saw,
A teacher who doesn’t know how to teach,

A preacher who doesn’t know how to preach,
A painter who can’t paint very well,

And a printer who doesn’t know how to spell,
An odd-jobs man with never a job, :

A cobbler who doesn’t know how to cob.
A miller who doesn’t know how to mill,

A butcher who doesn’t know how to kill,
A racer who doesn’t know how to race,

A mason who doesn’t know how to mace,
A clocksmith who cannot mend a clock,

And a doctor who doesn’t know how to doc;
And since none of them are busy men

You’ll find them, again and yet again,
Ever, anon and a few times more

Round the stove in Mendelsohn’s store,
Each talking freely—and through his hat—

Doing the one thing they’re expert at—
Giving advice to the farmers.

A great deal of the advice offered to farmers has all the ear-
marks of coming from such sources. It is a remarkable fact that
a great many people who have had no experience whatever in farm-
ing feel perfectly competent to tell farmers how to conduct their
business. These same people would not think of offering their
advice to men in other businesses or professions with which they
were so entirely unacquainted, yet even the moderately successful
farmer today must possess fully as much technical knowledge and
business ability as men in any other line of business.

But let us analyze the effect of larger machines on the size of
farm. As already stated the production increases practically in
direct ratio to the size of the machine. This being the case, it is
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self-evident that to produce a given quantity of foodstutfs the
larger the machines used the fewer will be required, and it
naturally follows that the fewer machines used the fewer the men
needed to operate them. Other things being equal, the acrcage re-
quired to produce a given amount of foodstuffs will remain the
same, therefore the fewer men, the more acres per man. All of
which is just another way of saying that larger implements in-
crease the acreage one man can farm.

Is anything more logical than the fact that a man who uses
+horse implements can do practically twice as much work in a
season as one who uses only 2-horse machines? Then cannot the
man who uses 4-horse tools farm twice as many acres as the man
who uses 2-horse equipment? And the man who uses a tractor
which will do more work than four horses, farm still more land?
Yet we frequently hear the statement that there is a tendency
toward smaller farms in this country. If such were actually the
case, then the inventors and manufacturers of labor-saving farm
equipment should hang their heads in shame and rectire, because
if the production of machines which increases the amount of work
one man can do and the acreage which he can till is resulting in
one man farming fewer acres than in the past, their work would
have gone for less than nothing.

CENSUS REPORT ANALYZED

But such is not the case. People who state that we are tending
toward smaller farms are, to use the expressive slang term, “kid-
ding themselves.” This idea has been formed by many people
by glancing at the figures in the 1910 census report as to the total
number of farms of different sizes and the increase in the number
of each size for the previous decade. These figures show a large
increase in the number of so-called farms of less than 20 acres and
as small as 2 acres, but if the text accompanying these tables is
read carefully, it will be seen that the increase is more apparent
than real. Furthermore, if they would stop and think of the
thousands of small country homes and estates which are included in
this group of so-called farms, they would realize it is not “farm-
ing” which is tending in this direction, but that the figures only
indicate a natural consequence of the tremendous increase in our
total and urban population, since thousands of city workers desire
to and do live on small acreages outside of citics ncar the railroads
and trolleys. These “farms” are nothing more than homes with
large gardens. They are not supporting the family and are an
entirely negligible factor in so far as the food supply of the nation
is concerned. They have very little more right to be termed
“farms” than has a garden in the back yard of a city home.

But where is this increase in small farms occurring? And what
section of the country should be selected as most fairly representing
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American agriculture if we want to study any such tendencies?
Surely not the South, where the most important crop for the period
covered by the census report was cotton. Cotton, as we all know,
is one staple which is still being raised largely by hand methods
because no wholly successful picker has been developed. This has
resulted in it being grown principally in acreages small enough so
that one negro family could pick it by hand. In the South,
to be sure, there has been a tendency ever since the Civil war to
break up the old plantations into smaller farms, and there is a
great deal of land leased out to negroes in small plots which the
census reports would list as farms, which are really only parts of
a large farm which is being managed by a system found most profit-
able in many sections of the South. Nor would the eastern states
or the Pacific coast states be representatives. If you will take
Volume 5 of the 1910 Census Report you will find that the twelve
states included in the section of the country designated as the
East North Central and West North Central groups, including
North and South Dakota, Nebraska, Kansas, Missouri, Iowa, Min-
nesota, Wisconsin, Illinois, Michigan, Ohio, and Indiana, raised 56
percent of the total crop production for the year the census was
taken. Not so bad for twelve states! And in view of their record,
I think they are justly entitled to be considered as representative
of our agriculture.

Now what do you find there as to the tendency in the size of
farms? In the East North Central group, which includes Wiscon-
sin, Michigan, Illinois, Indiana, and Ohio, there were 12,000 less
farms in 1910 than in 1900, or 1.1 percent decrease, with only an
increase of ‘1.1 percent in total acreage in farms. We find there was
an increase of 8,000 in the number of so-called farms of less than
20 acres, which was an 8.2 percent increase. However, there
were 33,000 less farms in the 20- to 49-acre group, and 9,000 less
in the 50- to 99-acre group. Now, it didn't take 8,000 of the
larger farms to make that increase of 8,000 under 20 acres, but if
it had there would still be 1,000 comparatively small farms missing
and these arc in the groups which may rightfully be termed small
farms, ranging from 20 to 99 acres. Where did they go? Why
they, with more land from some of the farms of over 500 acres,
helped make an increase of 22,000 farms from 100 to +99 acres.
If there is any “tendeney” shown by these figures, it is certainly
toward the fairly large and efficient sized farm.

Now as to the West North Central states. Here we find an
increase of only 4,000 farms of less than 20 acres and this was
a 10 percent increase for the size, showing there were not a great
many such small farms there before. There was a falling off of
18,000 or 16.9 pcrcent in the 20- to +9-acre farms and 30,000
or 1+.5 pereent in the 50- to 100-acre group. But there was an
increase of 13,000 in the 100- to 17#-acre farms, and 58,000 in
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those of from 175 to 499 acres. Nor was this all. There was an
increase of 19,000 in the 500- to 999-acre farms, and of 2,000 in
those over 1,000 acres. We must note, of course, that there was
an increase of 15.7 percent in total acreage in farms, that is, there
was this amount of land being farmed in 1910 which had not yet
been settled in 1900. But the thing we are interested in just now
is the “tendency,” and it certainly is not toward smaller farms in
- this section.

But I am not presenting these figures simply to show that the
tendency in our most important agricultural states is toward the
larger and most efficient sized farm, where modern equipment can
be used to advantage. I also want them to bring to your attention
the fact that while a great many of the channels through which
the farmer is supposed to receive valuable advice regarding his
problems were carrying statements of a tendency toward small
farms and intensive tillage, several thousand individual farmers,
saw that the solution of their biggest problem was to have enough
land to make an efficient sized farm, and they acted accordingly.
This throwing together of small farms to make a larger one and
the buying or renting of an additional field or two has not been done
by farmers on the advice of anybody. Rather, it has been done in
spite of contrary advice.

I may add that since 1910, several thousand farmers in these
states have bought tractors and an investigation showed that one
out of every three of those men increased the size of their farm
approximately 100 acres soon after buying this machine which
incrcases a man’s efficiency at farm work.

Now it would scem that since so many farmers increase the size
of their farms so as to use modern equipment efficiently, in spite
of advice to the contrary, this tendency could be accelerated by
pointing out to all farmers through the agricultural press, farm
equipment advertising literature, and all other channels, the de-
sirability of this action.

INTENSIVE TILLAGE ON LARGE FARMS

And now a few words as to the intensive tillage advice and the
“little farm well tilled” fallacy which is still a popular theme
among some city people who tell the farmer how to manage his
business. It is a very common statement that the farmer who has
less than 100 acres is fully as much justificd in buying modern
machines as his neighbor following the same svstem of farming but
with a greater acreage, since he can make the larger equipment pay
because it will cost a little less per acre of work done and he can
also do more thorough work and use more “intensive” methods,
thus offsetting the other advantages which the owner of the larger
farm possesses.  Such arguments roll oft some people’s tongues like
butter off a hot knife.
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I would like to submit that there is no intensive farming practice
which the small farm can use to advantage in the production of
staple crops which the larger farm cannot use to even greater
advantage. Let us take two corn-belt farms of 80 and 2140 acres,
respectively, as an illustration. The 80-acre farm has to have
just about as many machines as the 240-acre farm, but some of
them will be smaller, a 6-foot instead of an 8-foot binder, a two-
plow instead of a three-plow tractor, an 8-foot instead of a 10-foot
disk, and so on. The total investment for the equipment is only
a little less for the 80- than for the 240-acre farm. The invest-
ment charge per acre, however, is more than twice as great. Fur-
thermore, the cost for man labor on all operations will be greater
because of the smaller size of the machines and the smaller amount
of work done per man per day. (And as they both receive the
same prices for their products, it doesn’t require much figuring to
tell who will have the largest income at the end of the year.)

But now as to the intensive methods which the small farm is to
employ to offset its handicaps. Is it to be deep plowing? Decp
plowing doesn’t always or even generally increase the yicld, but
assuming it did in this particular case, can’t the farmer with the
240 acres and a 3-plow tractor plow just about as deep as the
other? He will not be hurried in getting his plowing done on a
well organized farm of this size if he has a good 3-plow machine,
and with his more efficient size of tractor he can do the additional
work at a lower cost per acre. Is it to be through the use of
manure? The large farm has the advantage in justifying the pur-
chase of a large and efficient sized spreader, while on an 80-acre
farm very often the amount of manure to be handled will hardly
justify the purchase of a spreader, but at best it will be a small
and less efficient one. Is it to be through the use of commercial
fertilizers as is frequently suggested? If this is a profitable prac-
tice for the small farmer it is just as profitable for the large one.
Furthermore, the large farm will buy three times as much, which
may give a lower price or permit of carload freight rates as against
lel. rates for the small farm. When it comes to distributing it
the large farm will justify the use of a large size distributor
which will cover an acre for less than the smaller size on the 80-acre
farm, and the investment per acre for the machine will also be
lower. Is it to be through green manuring and cover crops?  The
large farm can practice this just as well as the small one and will
have the advantage in using more efficicnt machinery in planting
such crops and in turning them under. And so on through the list
of intensive farming practices.

Good practices are not confined to the small farm ar1 it is ridicu-
lous to hand out such bunk to farmers to encourage them to buy

modern equipment. Furthermore, comparatively fe' farmers will
“fall” for it.
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THE REAL ARGUMENT FOR THE FARMER

Why not come right out and say to them: “Here, you are using
equipment which will only permit you to crop 100 acres. Now by
getting this larger and more efficient machinery, your investment
in equipment will be increased only 15 or 20 percent, while you can
till 200 acres and not wark any more hours per year, as by using
this improved equipment you will be able to do twice as much work
per day as with what you are now using and you can care for twice
as great an acreage.”

Isn’t that logical? And doesn’t it sound better than to say to
him: “Now you are using old and out-of-date equipment. We
admit you are getting your work done in some fashion, but you
are not up-to-date. By buying one of these large machines like
farmers use who have double your acreage, you can cut down the
expense of operating your farm by several dollars, and while you
won’t have nearly so much for it to do as they will, you can offset
this by doing better work.”

In one case he is told how to increase his income in the same
manner that any other business depends upon increasing its income,
that is, by expanding. In the other he is told to attempt to increase
his income by reducing his expenses which, while in itself is a
very desirable thing, offers a very limited possibility in the way of
increasing an income, and few business men would care to depend
entirely upon such a method, much as they try to cut down operat-
ing expenses.

Now just stop and think, how many times did you ever see, in
reading literature intended for the farmer, arguments to the effect
that improved machines would permit increasing the size of the
farm, and thus increase the farm income; that many farmers by
buying or renting additional land could well afford to adopt larger
and more modern equipment, that what the country needs is fewer
farms but larger and more efficient ones, and a smaller farming
population with a greater productive capacity through the more
extensive use of machinery.

I'll venture to say that for every time you have seen such state-
ments you have seen a hundred to the effect that farmers should
farm less land and do it better so as to get high yields per acre
like European peasants, or bewailing the fact that people were
leaving the farms for the cities and proclaiming that something
ought to be done to keep the boys on the farms. Some one has very
truthfully remarked that the way to keep the boys on the farm is
to make farming pay and the way to make farming pay is to have
the farm large enough to use modern equipment efficiently. Surely
it is not desirable that there should remain on our farms any more
boys, or men either, than are necessary to produce an adequate
supply of foodstuffs through the use of the most efficient equipment.
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The faster labor-saving farm machines can be adopted and the men
and boys thus released engaged in some other productive industry,
the better for all concerned.

It is not half so bad for the country to have boys replaced on
farms by machines as to have them kept there doing work by old,
ineficient methods that could be done” better by modern machinery.

In conclusion I would like to summarize as follows:

We have made wonderful progress in the development of im-
proved farm machines.

Much of this improved equipment is in use on only a very small
percentage of our farms even in sections where natural conditions
are favorable to its use.

Efficiency in all industries during the coming years is highly
important, but probably more so in agriculture than any other, as
our farmers are likely to find themselves competing with men farm-
ing new, fertile land in other countries under very favorable con-
ditions.

The greatest problem which today confronts the various or-
ganizations for the promotion of agriculture is that of having
available improved equipment more fully utilized.

There are several factors which tend to prevent the utilization
of such equipment on different farms. Lack of progressiveness on
the part of the farmer, while often credited with being largely re-
sponsible, is not so much so as eccentric influences and confusing
advice,

The principal justification for the adoption of improved farm
machinery is a farm of sufficient size to utilize it efficiently. This
has not been emphasized in the past, but for the welfare of both
farmer and nation it is highly desirable that it should be empha-
sized in the future.

Let’s boost for the farm which is large enough to permit of the
efficient use of modern equipment and where a high production per
man is obtained through the use of large machinc units, the kind
of a farm which is most profitable to the farmer and to the country.

DISCUSSION

Question: There is nothing wrong with intensive farming on
a big scale?

Mr. Yerkes: Absolutely no. I have gone through a lot of
big farms and they are using intensive farming. They make the
little fellow sit up and take notice. Intensive farming can be done
just as well and better—cheaper. How can you expect the little
fellow to compete with the big farmer under those conditions?
Yet, the fellows are telling him he can. How many business men
would want to depend on increasing their net income by cutting
down expenses? Don’t most business men increase their income
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by expanding? Isn’t it logical, then, when a farmer is going to
increase his income he is going to do it by expanding?

QuesTioN: Is 240 acres considered a big farm?

Mr. Yerkes: I consider it a big farm when it gets over 500
acres. As I said, the average farm is between 240 and 340 acres.
Lots of farmers can farm mere land than that, but I am talking
of the average farmer. It depends on the type of farming. Fifty
acres is a good big truck farm, but we can’t all raise truck.
It makes me smile about the 10-acre farms for returning soldiers.
Ten-acre farms will not pay, except in the best trucking regions
where transportation is good, and manure is obtainable.

The farmers in this country haven’t been running at full capacity
at all. They couldn’t. . They were taking too much of a chance.
Farming is more expensive today that most of the other industries.
Farming is very competitive. When the price of wheat went to
$2.20, the farmers got into the game. When the price goes down
in 2 years from now farmers who are raising it today will have to
quit. When it goes to a dollar there will be still more dropping
out. They are raising wheat out east now and they can’t raise it
for $1.00 a bushel. When the price goes down they will quit.
That means the farmer with the best facilities is going to raise the
bulk of the crop and make the money on it.

QuesTioN: What does it cost to raise a bushel of wheat?

Mr. Yerkes: I don’t know. There have been many estimates
made. I understand there has been a lot of trouble getting the
figures from Hoover, as to the cost of raising wheat. The Senate
called upon him for the figures, but he said that the figures obtained
were not entirely reliable. I am not in close touch with the latest
figures. The cost has practically doubled in most sections, but in
normal times the cost of raising wheat was from 75 cents to 95
cents a bushel. In Pennsylvania and New York they wouldn’t
have raised wheat at all if it hadn’t been that they wanted the
wheat to seed grass. They were not making a cent on it. Back
in the low-lying parts of those states I have seen figures to the
effect that they raised wheat for 30 cents a bushel, but that is
getting down to rock bottom when labor was cheaper. Fifty
bushels to the acre was a fair average. What you can get depends
on the kind of machinery you use, the kind of soil adapted to
wheat, and the labor price.

QuestioN: I would like to ask Mr. McGregor-Smith what it
costs to raise wheat in Canada?

Mg. SmiTH: It cost us about 60 cents before the war..
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STANDARDIZATION OF FARM MACHINERY
A. B. DINNEEN?

I appear before you as an implement man who has quite closely
followed the conservation plan laid down by the Government as it
applies to the farm implement industry.

The Government’s plan of conservation was to adopt reforms
such as have always been known in the implement industry as
climination and standardization. The farm equipment industry
has for a number of years given consideration to these matters
through the media of the various departments of the National
Implement and Vehicle Association.

I think it well to review the progress we have made in standardi-
sation and elimination since the United States entered the war.
This should cover both the activities of the industry and of the
Government. Before an outline is given showing what has been
done we should consider the reasons for the activities. What does
the industry and the Government hope to accomplish by the
standardization of farm equipment and the elimination of the non-
essentials in the line? '

REASONS FOR STANDARDIZATION

When the industry considered the elimination of left-hand plows
s careful analysis was made relative to the benefits and disad-
vantages to all interested parties of the left-hand plow. For the
purpose of analysis a high lift 2-bottom gang plow was considered
specifically.

We can give no better argument in favor of these reforms than
to give here this analysis:

BENEFIT8

To the farmer:

It satisfies the farmer’s preference of mind for a left-hand plow
and this is all. There is no economic advantage whatsoever from
its use.

To the dealer:
No benefits to the dealer.

To the manufacturer:
The manufacturer receives no benefits from the left-hand plow.

To the people and the world at large:
The world receives no benefits because of the left-hand plow.
This sums up fully what we can put on this side of the balance
sheet except to add the deficit.

' D2ere & Company, Moline, Iil.



. e e L
RSN

152 American Society of Agricultural Engineers

DISADVANTAGES
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To the farmer:

1. It results in a higher cost of the plow whether or not the
farmer uses a right- or left-hand gang. If the total production is
thrown to one kind it will reduce the cost of the one made in the
greatest quantities.

2. The service to the purchaser of the plow on the whole is
slower where two articles are concerned than if there is but one
article for sale. Possibly when a farmer wishes to purchase a
left-hand plow there is none in the dealer’s stock, or he may have
a right-hand only. In making this statement on these plows I
appreciate the trade on each type runs in territories, and the case
mentioned may not well apply; but taking manufacture as a whole
it does apply—sometimes seriously.

8. The repair service is slower and not so satisfactory for the
same reason that the service on the complete implement is not so

good.

To the dealer:

1. The difference in the service on complete plows affects the
dealer in the same manner as the farmer except to a more marked
degree. :

2. The dealer is required to carry stock of both plows. The
results are:

A—Increasing dealer’s investment in stock.
! B—Increased stock depreciation.
-~ C—Increased storage requirements and investment in

e buildings.

o . D—Increased shopworn and obsolete implements.
l o E—Increasing handling, clerical work and such other
. work as is necessary to carry two articles instead of
i one.
Yo 3. Complications in furnishing repairs is doubled because of
the two plows. All of the disadvantages mentioned on the com-
- plete implement will apply forcibly to rcpairs—particularly possi-
bilitics are increased for repairs becoming cutirely obsolete.
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’ ' To the manufacturer: )

-< ) The manufacturer is burdencd to a greater extent because of

N these two plows than either the farmer or the dealer. I think it

oL will be well to go somewhat into detail on the manufacturer’s
problems.

Thirteen steel forgings are used on the left-hand plow that are
not common to the right-hand. From the design of these parts to
their ultimate manufacture each and every picce must pass through
22 processes - 286 processes in all to make a left-hand gang.
We do not refer here to the processes in manufacture, but rather
the processes of designing, ordering, recording, cte. In a large
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organization these processes very nearly represent the number of
individuals that must give consideration or work to the piece.

In manufacturing these 13 forgings it is necessary to design,
manufacture, record and keep in stock 75 manufacturing tools.
Every time a manufacturing run is made on these left-hand gangs
75 tool set-ups are necessary, and 87 operations are performed
that are not common to other implements. Consider for a moment
the time involved in the designing, preparation and manufacture
of these special parts, and also the investment in the manufactur-
ing tools necessary to make them.

Twenty malleable castings are used on a left-hand gang plow
that are not commen to the right hand. In the designing and fur-
nishing of these castings the same processes on each must be per-
formed as on the steel parts; namely, they must pass through 22
sequences. We have also the outlay in money tied up in the per-
manent patterns for these castings.

In addition to this, certain special foundry equipment such as
matches, flasks, or possibly a machine pattern is necessary. Pro-
duction is menaced by stopping one pattern in the foundry and
starting another. Twenty stops and twenty starts are necessary
before left-hand plows can be manufactured.

Against each forging and casting, material is provided and in a
great many cases it is special for the part, thus increasing our in-
ventory of raw material, and the possibility of it becoming en-
tirely obsolete.

We must now erect the plows in the factory. This requires
special erecting benches, and because of the small quantities an
erecting crew must change from a right-hand to left-hand plow.
We thus hinder production and increase cost. This procedure in-
creases the finished stocks at the factory, at the branch houses and
at the transfer points; and additional entries must be made on
records to properly take care of left-hand plows. The same dupli-
cation results when shipments are made to dealers.

To the people and the world at large:

The harmful effect to the people lies in the waste of materials
that are tied up in patterns, tools, etc., and the waste of time and
labor to make them.

You will appreciate that this discussion has applicd only to one
left-hand plow against one right-hand plow. I think we should
follow this matter along further and determine how the effects of
;naking the two plows magnify as we get into our present implement
ine.

MULTIPLICITY OF TYPES

In computing the number of complete left-hand plows in the
line which are manufactured and carried in all stocks, I have not
counted plows that are made by any particular manufacturer.
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DISADVANTAGES
To the farmer:

1. It results in a higher cost of the plow whether or not the
farmer uses a right- or left-hand gang. If the total production is
thrown to one kind it will reduce the cost of the one made in the
greatest quantities.

2. The service to the purchaser of the plow on the whole is
slower where two articles are concerned than if there is but one
article for sale. Possibly when a farmer wishes to purchase a
left-hand plow there is none in the dealer’s stock, or he may have
a right-hand only. In making this statement on these plows I
appreciate the trade on each type runs in territories, and the case
mentioned may not well apply; but taking manufacture as a whole
it does apply—sometimes seriously.

8. The repair service is slower and not so satisfactory for the
same reason that the service on the complete implement is not so
good.

To the dealer:

1. The difference in the service on complete plows affects the
dealer in the same manner as the farmer except to a more marked
degree. :

2. The dealer is required to carry stock of both plows. The
results are:

A—Increasing dealer’s investment in stock.

B—Increased stock depreciation.

C—Increased storage requirements and investment in
buildings.

D—Increased shopworn and obsolete implements.

E—Increasing handling, clerical work and such other
work as is necessary to carry two articles instead of
one.

3. Complications in furnishing repairs is doubled because of
the two plows. All of the disadvantages mentioned on the com-
plete implement will apply forcibly to repairs—particularly possi-
bilities are increased for repairs becoming entirely obsolete.

To the manufacturer: .

The manufacturer is burdened to a greater extent because of
these two plows than cither the farmer or the dealer. I think it
will be well to go somewhat into detail on the manufacturer’s
problems.

Thirteen steel forgings are used on the left-hand plow that are
not common to the right-hand. From the design of these parts to
their ultimate manufacture each and every picce must pass through
22 processes—286 processes in all to make a left-hand gang.
We do not refer here to the processes in manufacture, but rather
the processes of designing, ordering, recording, ete. In a large
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organization these processes very nearly represent the number of
individuals that must give consideration or work to the piece.

In manufacturing these 13 forgings it is necessary to design,
manufacture, record and keep in stock 75 manufacturing tools.
Every time a manufacturing run is made on these left-hand gangs
75 tool set-ups are necessary, and 87 operations are performed
that are not common to other implements. Consider for a moment
the time involved in the designing, preparation and manufacture
of these special parts, and also the investment in the manufactur-
ing tools necessary to make them.

Twenty malleable castings are used on a left-hand gang plow
that are not common to the right hand. In the designing and fur-
nishing of these castings the same processes on each must be per-
formed as on the steel parts; namely, they must pass through 22
sequences. We have also the outlay in money tied up in the per-
manent patterns for these castings.

In addition to this, certain special foundry equipment such as
matches, flasks, or possibly a machine pattern is necessary. Pro-
duction is menaced by stopping one pattern in the foundry and
starting another. Twenty stops and twenty starts are necessary
before left-hand plows can be manufactured.

Against each forging and casting, material is provided and in a
great many cases it is special for the part, thus increasing our in-
ventory of raw material, and the possibility of it becoming en-
tirely obsolete.

We must now erect the plows in the factory. This requires
special erecting benches, and because of the small quantities an
erecting crew must change from a right-hand to left-hand plow.
We thus hinder production and increase cost. This procedure in-
creases the finished stocks at the factory, at the branch houses and
at the transfer points; and additional entries must be made on
records to properly take care of left-hand plows. The same dupli-
cation results when shipments are made to dealers.

To the people and the world at large:

The harmful effect to the people lies in the waste of materials
that are tied up in patterns, tools, etc., and the waste of time and
labor to make them.

You will appreciate that this discussion has applied only to one
left-hand plow against one right-hand plow. I think we should
follow this matter along further and determine how the effects of
making the two plows magnify as we get into our present implement
line.

MULTIPLICITY OF TYPES
In computing the number of complete left-hand plows in the

line which are manufactyred and carried in all stocks, I have not
counted plows that are made by any particular manufacturer.
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As a basis I have conservatively estimated the number of left-
hand plows that almost any manufacturer will have to duplicate
for the left-hand trade.

Walking Plows—Walking plows for the northern trade are
ordinarily made in 12”7, 13”, 14”, and 16” sizes, or a total of
four sizes. Left-hand plows are made in at least two series or
two types, thus if we made four sizes of plows in two series we
have eight plows. It will be necessary to make one series of
plows with cast shares and we then have four more, or a total of
twelve left-hand plows, whlch is a very conservative number to have
in any plow line.

Gang Plows—Gang plows are made in at least three sizes,
namely: 12”7, 13", and 14””. They are made in at least two types
—the high lift and low lift—thus we have six plows. Left-hand
plows are manufactured with at least three kinds of bottoms on
each size and type, resulting in eighteen plows. One series of
bottoms on both the high and low lift plows must be made with cast
shares and -we then add six more, which results in a total of
twenty-four plows.

Sulky Plows—We will consider sulky plows made in 127, 14",
and 16” sizes. Two types, the high and low lift, are manufac-
tured, resulting in six plows. With three kinds of bottoms on
each size and type we have eighteen plows, and then adding the
cast share bottoms we get six more, or a total of twenty-four sulky
plows.

The grand total of the above is sixty plows, which must be
designed, made ready for manufacture, manufactured, cafried in
stock, sold and shipped.

It is evident that we are getting rapidly into complication, and
we here begin to see the far-reaching effect of building what we
ordinarily term two implements instead of one. When we take
into consideration sizes, types and equipment, the number necessary
to supply the trade multiplies very rapidly. I have known a de-
mand to arise in a small locality for some special brace or part
on a plow which in itself looked very innocent. When this special
part was applied to all sizes and to various equipments that were
sold in the territory, the result was ten to twelve entirely new

-articles so far as stock and shipping was concerned.

The advantages to the farmer in making the right-hand plow
only are, of course, the reverse of the disadvantages to him in
makmg the left-hand plow. There is also another advantage.

Many plow manufacturers in the United States have never made
left-hand plows. They have considered it wise to stay out of the
left-hand territories rather than to complicate their line and in-
crease their capital requirements to the extent necessary to manu-
facture left-hand plows. The elimination of the left-hand plow
lays open to such manufacturers the possibilities of trade develop-
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ment in former left-hand territories. Thus competition is stimu-

lated.
ACTIVITY OF THE IMPLEMENT INDUSTRY

As previously stated, the implement industry has always favored
the elimination of non-essentials and the standardization of sizes
and equipment of the necessary types. Much had been accom-
plished previous to our entrance into the war in almost all of the
lines, but hardly a manufacturer believed that we had gone suf-
ficiently far. I will only refer here to the progress we have made
since we entered the world war. -

At the annual convention of the National Implement and
Vehicle Association on October 19th, 1917, a paper was presented
recommending the elimination of the left-hand plow. The idea
was accepted with favor by a great many manufacturers with the
result that on November 28th manufacturers representing about
90 percent of the total left-hand plows made met in Chicago and
signed an agreement to eliminate the left-hand plow. This agree-
ment was then passed among the manufacturers who could not
attend the meeting and it was finally signed by every manufacturer
of left-hand plows in the United States who had a substantial
trade. Other meetings followed and progress was made in the
elimination of many types of drills, tillage implements, and further
standardization of the farm wagon. ,

GOVERNMENT ACTIVITY

On February 26, 1918, the National Implement and Vchicle
Association received at its offices in Chicago the following telegram:

In order to assist in carrying out program for husband-
ing raw material resources utilizing manufacturing equip-
ment to best advantage and reducing amount of capital
tied up in manufacturer’s and dealer’s stocks, this Board
would like to receive from you as promptly as possible de-
tailled suggestions of styles and varieties of machines
which you believe can be eliminated from your produc-
tion during war. Board will appreciate your cooperation
in working out a thoroughly practical program.

CoMMERcIAL EcoNomy Boarp,
Council of National Defense.

The Commercial Economy Board of the Council of National
Defense afterwards was changed and given additional powers as
the Conservation Division of the War Industrics Board headed by
Mr, Shaw of Chicago.

Following this telegram meetings of the various departments of
the Association were held to consider radical recommendations for
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standardization and elimination on the suggestion of the Govern-
ment.

The Plow and Tillage Implement Department met on March
8 and prepared a report in which a radical reduction of the styles
and sizes of tillage implements was proposed. This was followed
by other meetings representing the various lines of the implement
industry.

A combined report of all of this work was submitted to the Con-
servation Division of the War Industries Board at Washington.
This board then issued a questionnaire to every manufacturer of
.implements i the United States, submitted the proposals as made
by the industry, and asked for comments. The Board also referred
the proposals to jobbers, a committee representing the Federation
of Implement Dealers, and to a committtee of thirty farmers who
were appointed to consider such matters in Washington. The
farmers’ committee represented the entire United States. .

After this exhaustive investigation the Conservation Division on
July 1st, 1918 issued to all manufacturers a schedule of implements
which they might build and this schedule corresponded in prac-
tically every detail with the recommendations made by the National
Implement and Vehicle Association.

RESULTS OF ELIMINATION

The Government’s conservation plan has made some very great
changes in the implement business. The changes, however, have
been for the good of all interested and harmful to none. Specific
reference to a few items may be of interest.

Previous to the war 226 types and sizes of steel walking plows
were made and sold by the industry. The elimination program
reduced these to 39. Forty-seven types of wheel plows were made
and only 15 remain.

Four tractor plows were eliminated, indicating that even the
new lines necded attention.

In the combined plants of the industry 788 sizes, types, and
equipments of corn and cotton planters were manufactured. The
Government now authorizes the manufacture of 31.

So throughout the implement line climinations were made. Har-
vesters, drills, hay machinery, wagons, chilled plows, cultivators,
and harrows have been considered and the variety of each line
greatly reduced. It has been a great work carried out by the
Government of the United States with the hearty co-operation of
all manufacturers, jobbers, retailers, and farmers.

CARE IN PROCEDURE

Fliminations have been made carefullv. When recommenda-
tions were considered to discontinue a certain implement, the need
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for the implement was analyzed carefully. Nothing was cut from
the line that in itself had a distinct economic value. The rule
followed was to discontinue no implement that could not be re-
placed in the field with a standard tool that remained in the line.
Today and in days to come farmers can and will till their land as
well, do the work as economically, and produce as much on ecach
acre as was possible with the great and complicated varicty of
farm machines existing before the war.

It is not the intention to hinder in any way the vast experimental
work carried on by all manufacturers. In fact, the climination of
many sizes and the reduction of the number of patterns should
stimulate rather than retard the development of the present
machines and the construction of new and better types to take their
place.

There is nothing in the conservation program that will prevent
any manufacturer from considering suggestions for improvement.
As I understand it, vours is an enginecring society and you should
feel free to promote the improvement and development of farm
equipment in the most forceful way you can. What we want is
constantly better implements but not greater variety unless there
is some farm operation that requires a new kind of implement.

THE FUTURE

Each of us has in mind the conditions as they will maintain
after Government control has been released. On November 18,
1918, the following letter was addressed to Mr. Brantingham,
Chairman of the Farm Implements Committee:

NoveEMmBER 18, 1018,

To: Mr. C. S. Brantingham, Chairman,
War Service Committee of the Implement Industry,
Rockford, Ill

We have given careful consideration to the conditions
in the agricultural implement and vehicle industry at the
present fime and their relation to the conscrvation
schedules that have been issued by this Division. Inas-
much as manufacturers have already booked their orders
and are manufacturing their product in accordance with
these schedules, we agree with your committee that it

. appears essential that the schedules should be continued
for the current manufacturing season. The conservation
schedules, therefore, for the following branches of the
vehicle and implement industry will continue in force
for this season:
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Portable grain elevators,
Plow and tillage implements,
Grain drills and seeders,
Spring tooth harrows,
Harvesters, mowers and hay rakes,
Ensilage machinery,
Land rollers and pulverizers,
Southern plows and shapes,
Wagons and farm trucks,
Horse drawn spring vehicles.
.MELvm T. CorPELAND,
Secretary, Conservation Divison.”

Thus manufacturers are instructed to observe the Government
requirements throughout the present manufacturing season. After
this season the control will be released. There will be no power
to maintain the standardized line. Conservation will no longer be
necessary from a patriotic point of view. But are we to put a
handicap on efficiency? Are we to resort back to a practice that
will waste basic materials and man power? I think the good judg-
ment of all parties interested will maintain for the farm implement
industry the progress made under Government control.

This society, you gentlemen here, will have a great influence after
Government control is suspended. I hope that your influence will
be to maintain the standardized line of farm implements. I trust
you will frown upon the manufacturer who produces some unneces-
sary size of plow to gain a temporary advantage in the trade, and
that vou will discourage the farmer or dealer who demands the
specialty which has no economic value.

DISCUSSION

MR. Crarkson: There is one point that comes to my mind.
How does this standardization affect a possible expansion of trade
in foreign countries?

Mr. DiNNEEN: The action of the Government confines the re-
strictions entirely to the United States. The Government didn’t
care particularly about what happened to the foreign trade during
the war, because the export was controlled through different chan-
nels. There have hcen no restrictions put on implements for
foreign business. The foreign implements have never been con-
sidered by any of the association’s committees.

Mr. Dickinson: Would it not be possible for the Presidents of
the organizations of implement manufacturers, in the success they
scem to be having working together, to strike this matter from
another angle—charge more for these odd sizes? If it would be
possible, for instance, to charge more for an odd size or a left-
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hand size, that would quickly discourage the farmer from using it.
Of course that would call for very close cooperation.

Mg. Dinneen:  The only thing I can say is that the associations
cannot discuss a question of price. They stayed clear away from
that and I don't think as an association it could be approached from
that angle.

PresipExt Scoates: It could be approached through the county
agents. They can pass it on.

Mr. Dinxeen:  After this agreement was made to eliminate the
left-hand plows, the implement dcalers of the State of Indiana
met in Indianapolis just two weeks afterwards, and that was a
hotbed of left-hand plow dealers! I was selected to go down there
and tell them about the agreement. I went down there quivering,
but I explained this matter to them very carcfully, went into it
even farther than we did this morning, and the result was they
passed a resolution to eliminate left-hand plows. That thing
turned around so fast with both the dealers and farmers that the
manufacturers had to put left-hand plows on the bargain counter
to scll them. There are lots of left-hand plows on hand that seem
to be hard to move.

Mr. Crarkson: It seems to me it would be wise for this
Socicty to pass a motion that a copy of this paper be sent to cach
one of the county agent directors, or perhaps to the special agricul-
tural engineering directors in the State. Send him a sufhicient
number so he can send one to cach of the county agents.

PresipeNnT Scoates: Do you make that a motion?

Me. Crarkson: I make a motion that a sufficient number of
copies of this paper be sent to the special agricultural engincering
directors in several states, so that they can send one to their county
agents, '

Motion seconded and carried.
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REGULATION OF FARM EQUIPMENT MANUFACTURE
AND DISTRIBUTION

Junius F. Cook,! Member Amer. Soc. A. E.

An Act of Congress entitled “An Act to provide further for the
National security and defense by encouraging the production, con-
serving the supply, and controlling the distribution of food products
and fuel” was approved by the President on the 10th day of August,
1917. This Act provided: )

“That by reason of the existence of a state of war, it is essential
to the national security and defense, for the successful prosecution
of the war, and for the support and maintenance of the Army and
Navy, to assure an adequate supply and equitable distribution, and
to facilitate the movement of foods, feeds, fuel, including fuel oil
and natural gas, and fertilizer and fertilizer ingredients, tools,
utensils, implements, machinery, and equipment required for the
actual production of foods, feeds, and fuel, hereinafter in this Act
called necessaries; to prevent locally or generally, scarcity, monop-
olization, hoarding, injurious speculation, manipulation, and private
controls, affecting such supply, distribution, and movement; and to
establish and maintain governmental control of such necessaries
during the war.”

The President issued a Proclamation on May 14, 1918, in which
the Secretary of Agriculture was authorized to carry into effect
the provisions of the Act and to supervise and direct the exercise
of the powers and authority thereby given to the President, as far
as the same apply to the said farm equipment.

Secretary Houston created the Office of Farm Equipment Control
to carry out the provisions of the Act under his supervision. The
various offices and bureaus of the Department of Agriculture were
advised of the creation of the Officc of Farm Equipment Control
and directed to cooperate fully therewith. Professor E. B.
McCormick, Chief of the Division of Rural Engineering, and Mr.
Arnold P. Yerkes, Agriculturist of the Office of Farm Management,
were specially authorized by the Secretary to give their services
to the work of the Office as found necessary, and in conferences,

_and by their assistance contributed largely to the effectiveness of
farm equipment control. When Mr. Yerkes resigned, Mr. H. R.
Tolley, Scientific Assistant of the Office of Farm Management, took
his place in the work of the Office.

The paramount idea of this Office was to direct activities to
sccure a greater production of foods and feeds so far as farm
cquipment would effectively attain such an end. In order to pro-
duce larger quantities, the farmer should be placed in a position

1 Department of Agriculturc, Washington, D. C.



Cook: Regulation of Farm Equipment 161

to put his machinery in better repair or to repair machines pre-
viously considered obsolete or be more fully equipped with newer
and more efficient implements, so that he could raise the same
amount of products with less labor or increase his production with
the same labor. It was declared essential in the proclamation to
license the “importation, manufacture, storage, and distribution of
certain necessaries, hereinafter called farm equipment, including
attachments and repair parts thereof, required for farm use in the
actual production of foods and feeds, as follows: binders, boilers,
brooders, bunchers, carriers, carts, cleaners, covers, crushers, cul-
tivators, diggers, distributors, drills, elevators, evaporators, fenc-
ing, forges, forks, fountains, gates, graders, grinders, grindstones,
harrows, harvesters, headers, hillers, hitches, hullers, huskers, in-
cubators, jacks, listers, loaders, markers, milkers, mills, mowers,
pens, pickers, planters, plows, powers, presses, pullers, pulleys,
pulverizers, pumps, racks, rakes, rollers, scales, seeders, separators,
shellers, shredders, silos, sleds, slings, sorters, sowers, sprayers,
spreaders, stalls, stanchions, tanks, tedders, testers, threshers,
towers, tractors, trailers, troughs, trucks, wagons, weeders, weigh-
ers, windmills, and all other tools, utensils, implements, and machin-
ery, required for farm use in the actual production of foods and
fecds” Some farm machines are much more useful in saving
labor than others, and while we did not go so far as to distinguish
between those that were most effective in labor saving and those
which were least effective, we were prepared to do this, had it been
justified later on account of scarcity of material. Fortunately,
however, no such occasion arose.

The distribution of the equipment most necessary automatically
sdjusted itself to a very large extent, and I belicve quite satisfac-
torily, The demand of the farmers was the direct regulator and
was 3 far more accurate method than any other that could possibly
be devised. There were some distributors and districts that were
short of certain equipment, and some over-supplied, but the adjust-
ment was rapid and effective on the whole. As usual, there was the
fecling among certain makers that any machine that would save
labor be pushed and the farmer induced to buy whether or not it
would save the country any labor before the war ended. 'There
were many proposals that in themselves seemed excellent but when
one took a broad view and considered what effect they would have
in combination with other machines and upon the nation at war, the
aﬁ;;ntage of pushing them ahead of other equipment was very
slight,

Tractors were the most spectacular of any farm equipment and
many very patriotic and conscientious people who read some of the
articles of how the tractor would win the war thought the one thing
to do was to supply every farmer with a tractor and the food ques-
tion would be solved and the war won. Upon a little consideration
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and analysis, it was found that to build a tractor from the iron ore
in the earth to the finished machine in the hands of the farmer,
took from the supply of labor of this country more days of labor
than the tractor would save on the average farm in two or three
years. It was evident from a national point of view as a labor-
saving machine that the tractor was not altogether an overwhelming
success.

After looking over the field of the labor-saving features of all
farm equipment it was considered very essential to maintain an
adequate and continuous supply of all the essential farm equipment
throughout the country and see that the farmers were able to pur-
chase it at a reasonable price. The questions of price and supply
were naturally bound up in the condition of the raw material and
labor market.

The manufacturers and wholesale dealers were put under license
and investigations immediately taken in hand. One of the first
problems was what could be considered a fair profit for manufac-
turers and dealers to make. The manufacturers sent in a statement
showing their profits were very low in proportion to the steel
manufacturers and others, and specially pointed out that certain
farm equipment cost less in 1918, in bushels of wheat, corn, or
other farm produce, than before the war. The dealers pointed
out that the business was so poor for them that a large percentage
went out of the business every year presumably as failures. The
position during the end of May was that the manufacturers were
scarcely satistied with their prices; the dealers were distinctly not -
satisfied; and the farmers were much concerned that the prices of
their products were being fixed and the prices of many things they
required were rising rapidly. Manufacturers were experiencing
difficulty in obtaining raw material, their labor was leaving them and
their deliveries to their agents very much delayed by the conges-
tion on the railways. The dealers were complaining about not
being able to get equipment, and the farmers were also sending in
similar complaints. The country secmed to go along about the
same, however, and while at first there was needed a good deal
of effort in the way of facilitating shipments, thanks to improved
service on the railways conditions soon grew better.

At this time we asked the county agents through the States
Relations Service to find what the farmers throughout the country
were paying for certain selected typical machines and implements;
also what they had been paying each year back as far as 1914,
We asked the manufacturers for their prices and discounts from
1914 to 1918.

While we at first had very few reliable figures as to what was
a reasonable price, the rcturns from the county agents and the
selling prices of the manufacturers gave us a very good idea of
the position of the dealers. These figures were not sufficient to
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base a general statement to the farmers upon but were useful in
dealing with individual complaints from farmers and retailers.

The rise in the price of raw material and labor from 1914 to
1918 was a rough guide as to the profits of manufacturers. Although
the comparison was too general to base any statement of authority
upon, it indicated to us that there would be no very excessive
profits on the whole. In special cases of certain companies it was
possible their profits would be large but this would also be limited
by the excess profits tax. With these conditions taken fully into
account we decided to cooperate with the Federal Trade Commission
in a comprehensive investigation which they were making in com-
pliance with a Resolution of the Senate. This investigation is
nearly completed and will give reliable information that will be of
considerable value even now after the war is practically at an end.

There is an interesting point connected with the control of manu-
facturing profits. The whole farm equipment industry taken
together makes year after year an average profit that perhaps may
not be as large a return on money invested as Liberty Loans would
give. At first thought one would say this is not a sound position
and that prices must be raised so that the return would be commen-
surate with the risk. If one examines any industry such as gold
mining, farming, marketing, dry- goods, hotels, or any other, he will
find that the average profit is low; that is, some concerns are oper-
ating at losses or making very low profits while others are making
high profits, due to good management with good equipment or
favorable location. It is wrong to fix the maximum profit at the
average figure as then we kill incentive to good management. It is
impossible by fixing the profit higher to make over poor manage-
ment into good management. A way to determine approximately
2 fair profit for an industry during a period of stress is to give
the industry the same percent of profit on its capital as was earned
during a period of years previous to the period of stress.  In prac-
tice such figures are difficult to obtain but they can be ascertained
anneavimotely and are a reliable guide. When an industry during
aperiod of stress is subject to greater risks, owing to exbvptionnll}'
large fluctuations of prices, materials and completed machines,
additional profit should be allowed to cover the greater risk.

There was a question that affected both the manufacturer and
dealers and that was the sale at replace values. This was a ques-
tion that involved.the manner the manufacturers and dealers con-
ducted their business. In most cases there was no difficulty in
justifying sale at replace values. Instances where larger stocks
than usual or than were justified by the demand were bought pre-
sumably for speculation came under the description in the Act of
Hoarding. By a studv of these two classes of stocks it became
apparent that if manufacturers and dealers were allowed to sell at
replace values they should replace the goods or show in some sat-
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isfactory way their intention to do so. The ruling was made and
any one not replacing the goods or an equivalent amount (not
necessarily the same identical machines) would be guilty of profit-
eering. There were no complaints that this ruling caused any in-
Jjustice, so far as we have been able to determine.

During the work some of the larger plants of the manufacturing
industry have been visited and have greatly impressed me with
their organizations and equipment. They are splendid examples
of great factories employing the most up-to-date labor-saving ap-
pliances to manufacture the great agricultural labor-saving
machinery and equipment that has in the hands of American
farmers so largely assisted in winning the war. What would our
civilization be if it were not for labor-saving machinery and appli-
ances? The labor-saving quality of farm equipment, thereby
allowing work to be done more quickly and therefore more season-
ably, is well known. A labor-saving machine may be considered
by some a disadvantage if there is not enough work, to supply all
the workers. For myself, if I must be limited in my production,
I am prepared to work a less number of hours with a labor-saving
machine on my farm rather than the full number of hours without
the labor-saving machine. I have learned from association with
agricultural experts that many farmers are located on farms where
they can not afford to hire much help, but are compelled to do so
at the times when help is very scarce; that is, in planting or har-
vesting seasons. ILabor-saving machines at these times and under
these conditions are exceptionally valuable.

There appears to be sufficient capacity to build all the farm
cquipment required, although there will probably be a large demand
after prices have resumed a normal level. It is impossible to say
what a normal level after the war will be and perhaps it will be
some time before such a level is reached. On the whole there has
been a sufficient supply and many farmers have only bought what
was clearly necessary, as no doubt they considered the prices too
high to buy other than sparingly.

The tractor during the war has been very well advertised and
has occupied a good deal of our time in the Office of Farm Equip-
ment Control and I would like, as it vitally concerns the results of
equipment control, to give a few figures:

The number of tractors manufactured during the first half of
1918, as ascertained from the tractor questionnaire sent out by the
Oftice of Farm Equipment Control, for various horse power ratings,
are as follows: 10'HP to 12 HP inclusive, 2714; 15 to 16, 3716}
18 to 20, 2:4128; 22 to 26, 20658; 27 to 30, 3172; 35 to 36, 1495;
10 to 50, 1025; 60 to 80, 1049.

The output for the last half of the year was considerably greater
than this and a still further increase is planned for the coming
vear. Some of the older tractors have been improved in some
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respects and some of the newer models show good engincering
features. Some information obtained from tractor users shows in
general what parts of the tractor need improvement. From the
answers sent in to the Department of Agriculture by 2,179 farmers
1 found that the question, “What part of your tractor gives vou
the most trouble?”” was answered as follows:

Magnetos ..... e 299
Spark plugs - 110
(€723 £ P 108
Carburetor ... .. 104
Bearings ... 80
Cylinders and pistons 61
Cluteh . 59
Valves and springs ... +3
Lubrications ................. et e 29
Starting ... ... e 28

This infermation gives one a good idea of how to start examining
a tractor with the view of buying or of studyving the machine. It
will be seen from this that one can eliminate at once a great many
details and concentrate attention upon the above, which may be
considered the main points of troubtle. The reports of these
troulles were from the users, and many of them probably did not
know how to usc them to the best advantage, but after all it is a
good indication as to where to look for trouble. It is interesting
to note that more users had troubles with the accessories than with
the machines themselves.

Another question that has come prominently before me in con-
nection with this work is the position of the agricultural engineer
in the domain of agriculture. Let us look at the work being done
upon the farm. Plowing, planting, harrowing, cultivating, har-
vesting, hauling, trenching, trimming, clearing, fencing, building,
feeding, cleaning, cooking, storing, evaporating, supplying water,
grinding, hulling, husking, threshing, hatching, packing, sawing,
Pressing, pumping, rolling, weighing, shelling, shredding, sorting,
spraving, spreading, testing, are all mechanical in their nature and
the economics of these operations can best be applicd by agricul-
tural engineers who must be well acquainted with farming opera-
tions to be successful agricultural engincers. The economical size
and design of farms are much influenced by the above-mentioned
operations. Can all these operations be supervised and the equip-
ment used be best designed, improved, repaired, and adapted to
their uses by an agricultural engineer and the farmer or by some
one ¢lse and the farmer?

There seems to me only one conclusion, and that is that the
agricultural engineer does not occupy the position he should, and I
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do not know of any one but the agricultural engineer who can
remedy this condition. He must have not only a thorough knowl-
edge of the principles and practice of engineering, but also of the
principles and practice of agriculture, in order effectively to apply
his engineering knowledge to the advancement of agriculture. We
have seen a great advance in mechanical engineering; is there not as
great a chance for advance in agricultural engineering? The field
for the agricultural engineer seems large and full of possibilities.

DEVELOPMENT OF RURAL MOTOR EXPRESS LINES
S. A. MiLgs?

The time allotted me is short, but within it I shall endeavor to
outline some facts relative to the rural motor express movement
in the hope that you will become sufficiently interested to investi-
gate further at your leisure.

In your news letter of November 1 there appeared a quotation
from a letter written by Mr. E. R. Jones, who says: ‘““The drained
marsh and overflowed lands of the several states should attract the
attention of a large number of returning soldiers desiring to settle
on farms. Secretary Lane is working on a plan under which the
government would buy some of these lands at a rock bottom price,
complete their drainage and sell them to settlers, preferably sol-
diers, at cost and on easy terms. The committee on drainage of
the American Society of Agricultural Engineers is'desirous of help-
ing Secretary Lane as much as possible in the formation and
execution of this plan. To this end an exchange of views on the
subject between the agricultural colleges seems advisable.”

There are millions of acres to be reclaimed, and the suggestion
made by Secretary Lane is theoretically excellent, but we contend
that a more important work is to bring the farms we already
possess up to reasonable efficiency. Whether some of the present
methods, and particularly the methods of transportation by which
the farms are served, are efficient or not, may be judged from a
remark recently made by Mr. Hoover to the effect that of all the
produce raised only about 50 percent reaches the market; and by
the further fact, based on investigations by the Highways Trans-
port Committee and others, that because of inadequate transporta-
tion facilities, a great number, possibly a majority, of our farmers
raise only sufficient material for their own use.

To those of you who are familiar with the great farms of the
west these statements may seem exaggerations, but the fact is that -
of our millions of farms only a small minority are of the up-to-date
kind and using the best available facilities. A majority, and a

1 National Automobile Chamber of Commerce.
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large majority, are small, inefficiently equipped and conducted,
partly because of lack of capital, partly because of lack of educa-
tion, and partly because of plain neglect.

The conditions by which we are confronted are as follows:

Most of the world is today unproductive. Man power is im-
paired. Of the nations that have recently bcen at war England
does not produce enough to feed her people, France is war-torn
and disorganized, Russia is swept by anarchy, Belgium is ruined,
Italy cannot for a long time be considered a source of supply, and
Canada, with 2 population smaller than that of the State of New
York, is suffering greatly from reduced man power. Germany
and Austria, like Russia, are in a state of anarchy.

In our own country food production is handicapped and costs
are high because of the disinclination or inability or both of the
farmer to produce up to his full capacity; by the fact that he
finds it necessary to spend a great part of his time away from the
farm, and by the waste of quantitics of food raised but not
matketed. (See Hoover, page 21.) All of these conditions are
due to transportation problems aggravated by a 20 percent
shortage of labor. (See Blakeslee, page 19.)

The railroads cannot now carry, and probably never can carry,
all of the short haul material offered them. Hundreds of
thousands of farmers are not served by railroads at all, hence the
farm owner is as often a teamster driving to town and back as he
is a farmer raising crops. As a farmer, or as a carrier, he might
succeed. He cannot personally do both things successfully.

The remedy is the rural motor express, which relieves him of
every transportation problem, insures quick daily contact with the
market, keeps him advised of the market’s requirements so that
he may benefit by advantageous prices, enables him to devote all
of his time to the farm, thereby assuring an increase of his product
with the certainty that it will not be wasted, and enables him to
obtain supplies from town on the day of order. (For more de-
tailed specifications see Blakeslee, pages 69 and 70.)

The rural motor express movement has the unqualified endorse-
ment of practically every department of the government. The
Council of National Defense started a string of endorsements by
requesting state authorities to take all necessary steps to facili-
tate this method of transportation, and to remove any regulations
tending to restrict it. Secretary Lane of the Department of the
Interior has said that he sees a new America of farming com-
munities and small industrial centers which must be developed
and made easy of access by good roads and transportation over
them. Mr. Redfield, Secretary of Commerce, has said that a
perfect system of transportation must bring goods to every man’s
door, and that neither the railroad nor the water way can reach
its normal place unless linked with motor truck routes, so that the
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farmer may have his rural motor express which comes to his
door, connects him up every morning with all the earth, and
brings what he wants of the earth’s products back to his door the
same night. The Department of Labor has urged farmers to
make use of rural motor express lines to release labor for greater
production of foods, and has pointed out that one man driving a
5-ton truck can haul to market more than three men with wagons.
and cover three times the distance in a given time, which mcans
that the use of the truck would relcase eight men and sixteen
horses to continue work on the farm.

The Railroad Administration, through Mr. Wright, speaking .
for it at a meeting of the Highways Transport Committee, has
given assurance that so far as short hauls are concerned the
attitudes of the railroads is and will remain entirely favorable.
Even if the rural motor express line were in direct competition
with the railroad, over a short distance, the charges of the motor
truck would be lower, and the time of delivery quicker than that
of the railroad.

In the Post Office Department, with Mr. Blakeslee, Fourth
Assistant Postmaster-General, is found an enthusiastic supporter.
Mr. Blakeslee speaks from experience, inasmuch as he is already
operating a number of experimental routes in the post office service.
(For details of a severe test sec Blakeslee, pages 19 and 20.)

Mr. Hoover has pointed out that the rural motor express facili-
tates delivery, conserves labor and foodstuffs, effects delivery of
food in good condition, and will dispose of many of the draft ani-
mals which now eat the crops of millions of acres. (For further
references to horses, see Blakeslee, pages 46 and 47, 75, 76 and
77.)

The Food Administration has interested itself deeply in the
formation of rural motor express lines. Mr. Hurley, Chairman
of the United States Shipping Board, has said that highways
transport facilities at every farmer’s gate must make a picture
in the farmer’s mind of the movement of his products through the
distant points of the world, and that highways transport service
is the first step in the great system of transportation to the sea,
and then on the merchant marine to the far points of the earth.

The origin of rural motor express lines is obscure. They have
probably been in operation on a small scale for several years. It
was only when the railroads failed, when embargoes became gen-
eral, and the farmer was obliged to waste a great part of what he
had raised, that the subject was earnestly considered by the
highways transport committee of the Council of National Defense
under the chairmanship of Mr. Roy Chapin. Starting with a
committee of five men he and his associates built up an organiza-
tion of about fifteen thousand persons, every one of them a volun-
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teer, and covering, generally with marked efficiency, every one of
our states.

There are certain things, hewever, which a government com-
mittee may not do without stepping on the toes of some other
department.  The Highways Transport Committee felt obliged to
stop short of presenting a definite plan for the organization and
operation of routes, the purchase of cars and some other practical
details. Hence the formation of the rural motor express com-
mittee of the National Automobile Chamber of Commerce which
has in its turn appointed representatives with instructions to co-
operate with the State Highways Transport Committces. These
men were, of course, engaged in the industry, and while actuated
largely by a patriotic motive, had an additional commercial incen-
tive. Many of them are not only members, but the very active
members, of state highway transport committees.

The Rural Motor Express Committee has issued pamphlets and
other printed matter covering every phase of the movement.
First, for the purpose of obtaining the assistance of district mana-
gers; second, to educate them in the methods of obtaining and
organizing other assistants; and third, in instructing them in the
details of the steps to be taken in the actual organization of
express lines. Into these details we shall not now enter because
the pamphlets are available for your use. But a general survey
of their contents indicates that they first cover a list of services
to be rendered which run all the way from the carriage of hogs
to third-class mail matter; details of the method of establishing
a scale of charges; how to make a preliminary survey of a route
in order to be sure of the condition of roads, safety of bridges,
license fees and taxes, the attitude of merchants, factories and
farmers, the probable amount of material to be carricd, the popu-
lation within reach of the service, other available methods of trans-
portation and their rates, possible connections with other carricrs,
and other necessary information. A canvas of prospective cus-
tomers is suggested, and details of the method of carrying it out
are provided. The selection of tracks, the advertising campaign,
operating suggestions, and suggestions for dealing with farmers,
merchants, bankers and others, with all the necessary forms of
letters for the purpose are included.

Of course, the all-important question is, does it pay? It is
impossible in this paper to go into great detail, but the answer is,
that it certainly does. As one sample of what may be accom-
plished: There is a man in Maryland who conceived the idea of
hauling his produce into Washington by motor truck. He bought
2 §-ton outfit, and disposed of his product and was back at work
on his farm before his next-door neighbor got half-way into town.
That neighbor made a bargain with him to carry his product also,
and as another appealed to him, he added a second truck; then a
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third, and then a fourth. He set aside 10 cents a mile for over-
head expenses, and from the returns from his original truck he
bought and paid for the others. Today he is well off, transacts
their business for all the farmers within a few miles of him, col-
lects their money, does their shopping, pays their bills, and knows
a good deal more about their business than they themselves do.

A farmer at Elmont, L. I., paid for his first truck in a few
months, and had $1,400 left. Formerly he left home at 2 o’clock
in the afternoon, was in town all night, and got home about 2 the
next day. Now he gets back home the same night. He and his
man spent ten hours on the road with two teams. The cost for
one year was $2,770.50, while by motor truck it was $1,368.34.
Many similar cases may be quoted for anyone who is sufficiently
interested. (See Blakeslee, pages 32 to 39.)

A contention frequently met with is that our roads are in many
cases so bad that the operation of trucks is impossible. This may
in a few cases be true during a part of the year; but the greater
part of our roads can be traveled, admittedly with some difficulty,
all the year round. Practically all of our farm products are
ready for the market at times when the roads are at their best.
Mr. Gifford, Chairman of the Council of National Defense, very
wisely remarks that if we cannot use the roads twelve months in
the year, we can use them six, or three, and that to just such
extent as we do use them we shall be benefiting our respective com-
munities. If the roads are poor, the demands which will follow
the use of motor trucks will serve to improve them. No farmer
will be content with a poor road so long as he knows that some
other farmer’s product is being hauled over a good road. The
demand for improved highways will doubtless be assisted by the
Postoffice Department, which is already deeply interested. The
government has learned through the operation of trucks during
the war how necessary an improved system is. The American
Automobile Association, with  the assistance of other bodies, is
striving for an interstate system and other road legislation. Penn-
sylvania has voted an appropriation of $50,000,000, and Illinois
of $60,000,000 for improved roads. In every direction we see
indications that road improvement is to be undertaken on a gigantic
scale.

I wish it were possible to go further into the woes of the
farmer, and into details of how this movement will help him; of
the marvelous increase in the value of his property due to the
use of the automobile; of the three hundred thousand years saved
by our farmers annually as a result of the use of the automobile
instead of the horse; of what might be done by the substitution
of tractors, and the amount of money that might thus be realized ;
of the scarcity of farm labor, and the reasons therefor; of the
effect of the rural motor express upon the business of merchants
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_and bankers and whole communities; of the possibility of passen-
ger traffic, the opportunities in connection with shore resorts; of
more than one-half of our farms of less than 100 acres_apiece, and
the transportation difficulties under which their owners labor;
of the meaning in figures of Mr. Hoover’s estimate of the waste of
crops; and finally of what might be done if, as suggested in the
opening paragraph, all of our farms could be brought up to reason-
able efficiency. All of these facts are available for the use of
those who care to interest themselves in the subject.

Finally, this subject must not be taken to apply merely to
wartime conditions. Rural motor express lines have so definitely
shown their value, that they will remain as useful and as com-
pletely a part of our national life in peace as in wartimes. We
have not been considering a wartime necessity, but a necessity of
all times.

KEROSENE AS A FUEL FOR FARM TRACTORS
Joun A. Secor,! Member Amer. Soc. A. E.

In the early days of the oil engine—more than forty vears ago
—kerosene was costly and gasoline a by-product. Low-cost gaso-
line originally created the unprecedented demand for the gasoline
engine, Gasoline of 71° Baumé has sold as low as 3 cents to
5 cents per gallon wholesale; although heavier gasoline, say, from
60 to 65° Baumé, was then quoted at a higher price. Even 76°
Baumé gasoline has sold as low as 7 cents per gallon. Low grade
kerosene at that time was quoted at 20 cents and a better quality
at 25 cents per gallon in tank cars. These oils retailed at from
30 to 40 cents per gallon. But the law of supply and demand
has reversed the former price relations of gasoline and kerosene.
The price of gasoline has increased, until, for many purposes, its
cost has become a handicap to the engine.

GASOLINE PRODUCTION:

Crude oil production in America is still increasing, but the
increased supply has not included a corresponding, or relative
increase in the paraffine crudes from which gasoline is obtained
by direct distillation. At the present time these high grade
crudes constitute approximately only 4 percent of the world’s
output. The market price of gasoline would undoubtedly have
been much higher than it is, were it not for the fact that each
advance in price stimulates an increase in the available supply.
It does this in various ways. Under normal conditions, it en-
tourages further prospecting for the paraffine petroleums in the

e

! Consulting Engineer, Advance-Rumley Company, La Porte, Ind.
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old Appalachian field; it also incites increased production of
synthetic gasoline by the new processes of dissociation in re-dis-
tillation from oil under pressure, and also by compression and
condensation of gasoline from natural gas. The available supply
of gasoline has been further increased by the inclusion of heavier
fractions than in former practice; and also, before the war, by the
importation of gasoline to the United States from foreign fields.

Regarding the increased supply which can be obtained by the
new “cracking” processes, it should be noted that there are four
principal groups of liquid distillates obtainable from crude oil.
‘These include the various lubricants, kerosene, gasoline, and fuel
oils; and there must be a certain proportionate, or relative pro-
duction of each of these to satisfy normal trade requirements.
Obviously, the gasoline problem would be simplified, if gasoline
were the sole factor to take into account.

SOME OF THE ADVANTAGES AND DISADVANTAGES OF KEROSENE

Under existing conditions, kerosene is the only logical fuel for
the farm tractor. Opinions differ widely, however, regarding the
respective advantages of gasoline and kerosene as a tractor fuel.
It is, of course, conceded that kerosene embodies potential energy
in its most compact form. That is to say, it contains more heat
and power for its volume, measured in thermal units, than is
contained in any equal volume of any other available fuel. As
kerosene is practically non-volatile, there is obviously no appre-
ciable loss in quantity nor change in quality from evaporation.
Engines operating on kerosene are therefore less affected than
gasoline engines by atmospheric changes. In brief, kerosene costs
less; is more abundant; is more widely obtainable; contains more
power than gasoline; and is safer to handle, transport, and store,
than any other available tractor fuel.

Lack of flexibility: On the other hand, it is pointed out that
kerosene has certain detracting features as a fuel for internal
combustion engines, including the farm tractor. Mr. E. R.
Wiggins remarks for example, “Some find their kerosene engines
run satisfactorily at full load, but at half, or no load, there is
considcrable trouble.”*  Regarding this, Mr. H. L. Horning says,
“In tractor service when the load remains at over half the full
value, kerosene gives reasonable satisfaction.” > In connection
with continuous tractor operation under light load, and varying
load, T'he Canadian Thresherman and Farmer, July, 1918, has
intcresting data from Snyder Brothers, farmers, showing that they
operate their engine strictly as a gasoline engine when driving a
separator, although they can use kerosene for plowing.

1 Power Farming, August 4. 1915,

2The Ultimate Type of Tractor Engine. Address at Annual Mectin { tl
Society of Automotive Enginecrs, New York, 1917, ng of the
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Loss of power: Mr. Horning refers to the cffects of vaporizing
fuel mixtures as follows: “The loss in volumetric efficiency due
to heating the intake charge results in a decrease usually of from
10 to 20 percent in maximum power output.”! But tractor power
tests made by the State Tractor School at Columbus, Ohio, in
February, 1918, appear to indicate greater power losses from
the oil vaporizer than those stated by Mr. Horning. Tractors of
twenty different makes were entered for test, seven of which were
gasoline tractors. Of the thirteen oil-burning tractors, three
attained their rated power on the first test, but neither of these
were tested for reserve power. Four more attained rated power
on a subsequent test, leaving six which did not obtain their rated
power under oil. One of these obtained its rated power on a
third test by simply substituting gasoline for kerosene.

The maximum power developed by the remaining five tractors
under oil averaged 77 percent of their rated power. Several
recent writers propose to overcome the loss of volumetric efficiency,
and reduced power output due to vaporizing devices, by an in-
crease in cylinder diameters.

Fuel efficiency: Inasmuch as the amount of heat liberated by
the complete combustion of kerosene exceeds that obtainable from
gasoline per unmit volume, it is important to ascertain to what
extent, if any, this is reflected in the relative fuel consumption of
average gasoline’ and kerosene tractors. Regarding this, the
manufacturers of a line of successful oil tractors frankly acknowl-
edge that their tractors use more fuel per horse power when
operating on kerosene, than when operating on gasoline. But
they are still able to show, notwithstanding the increased fuel
consumption, that kerosene affects a substantial saving in operat-
ing expenses over gasoline.

In some tractors, however, due to excessive fuel requirements,
the cost of kerosene per horse power hour has even exceeded the
cost for gasoline. In connection with the rclative efficicney of
gasoline and oil engines, the Implement Age of June 3, 1916,
notes that “The ordinary gasoline engine has a compression of
from 70 to 80 pounds per square inch. The mixture of air and
gasoline will not ignite at this pressure and an electric spark is
necessary to explode it. But if a mixture of air and kerosene
vapor is subjected to this pressure, pre-ignition is certain to result.
As a matter of fact the compression in an oil-burning engine
cannot be carried much above 50 to 60 pounds with safety.”

Skilled operators a mecessity: The Chilton Tractor Inder
issued in February, 1918, states that, “‘Although most farmers
insist upon buying tractors that will burn kerosene, the majority
resort to gasoline fuel after they have used kcrosene for a short

!The Ultimate Type of Tractor Engine. Address at Annual Meeting of the
Society of Automotive Engineers, New York, 1917.
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time. There are many good kerosene-burning tractors on the
market, but unless they are handled intelligently, they will not
prove as satisfactory as those which run on gasoline.”

INVESTIGATIONS OF DEPARTMENT OF AGRICULTURE

For more than a decade the United States Department of Agri-
culture has closely followed the development of the farm tractor.
Their investigations have included a close economic study of the
steam tractor, the gasoline tractor, and the oil-burning tractor
operating under diverse conditions in various localities. Bulletin
No. 174! says: “Irom the comparison made, it will be seen that
the figures are slightly in favor of the kerosene tractor in almost
every case, the most important difference being in the estimated
life and cost of repairs annually; but the percentage of replies,
days used annually, hours lost, horses replaced, and percentage
finding custom work profitable, all of which are favorable to the
kerosene tractor, are worthy of note. * * * The tractors
which have bcen operated by kerosene show, as a whole, slightly
better average results than those operated by gasoline, indicating
that the heavier fuels can be burned at least as satisfactorily as
the lighter oncs. The amount of kerosene used per unit of work,
however, is usually slightly more than for gasoline, which would
appear to indicate that the combustion of the kerosene is generally
not as perfect as that of the gasoline.” Bulletin No. 719* says,
“Gasoline is used as fuel by most of the tractor owners in Illinois.
* * * Kerosene is used to some extent, but is not reported
to be satisfactory in the majority of small outfits as it was in the
larger ones a few years ago. Even where used, the amount con-
sumed for a given amount of work is usually greater than for
gasoline, thus tending to offsct the difference in price. As a rule,
a little more difficulty in operation is experienced where kerosene
is used, and slightly more time is lost each day.”

Bulletin No. 963° notes that “probably the most significant
difference between the reports received from tractor owners in
1917-1918 and those received in 1916 is the much larger percentage
of men who reported that the tractor had proved a profitable
investment. In 1916, less than 80 percent reported that the
tractor had proved a profitable investment, whereas in 1917 and
1918, 90 percent or 9 out of 10, made such reports. * * #
There is some difference in the fuel consumption between different
makes of machines, and also usually a slightly lower consumption
in some makes of tractors where gasoline is used instead of kero-
sene. * * ¥

1 Farmers’ Bulletin No. 174, United States Department of Agriculture, April 15,
]915;-' Farmers' Bulletin, No. 719. May 5, 1916. United Statcs Department of Agri-

culture.
3'I'ractor Expericnce in Illinois, June, 1918, Bulletin No. 963.
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“The investigation shows that less difficulty is being encountered
by owners of kerosene tractors in burning the lower grade of fucl
than was indicated in 1916. Slightly more than 50 percent of
the tractors on the Illinois farms reporting are operating on kero-
sene, and where the machines have been especially designed to

“burn this fuel the results are apparently very satisfactory, par-

ticularly in view of the present price of kerosene as compared with
gasoline, the former costing only about one-half as much as gaso-
line. However, the greater ease in operating on gasoline, and
the somewhat greater certainty of steady operation, are sufficient
to cause many men to prefer this fuel to kerosene.  The fuel con-
sumption, of course, varies considerably, even with the same make
of machine, and under practically the same conditions, when
driven by different operators. Fuel cost per acre plowed averaged
25 cents with kerosene, and 50 cents where gasoline was used, not
making allowance for warming up the kerosene engine with gaso-
line. But the quantity used for this purpose varies with different
makes and different operators.”
The results of these investigations may be briefly summarized as
follows:
1915—"The figures are slightly in favor of the kerosene
tractor in almost every case.”
1916—"Kerosene is not reported to be as satisfactory in
the majority of small outfits as it was in the larger
ones,”
1918—"“Less difficulty being encountered in burning the
lower grade of fuel than was indicated in 1916,  More
than 50 percent of the tractors reported on Illinois
farms are operating on kerosene, and where the
machines have been especially designed to burn this
fuel, the results are apparently very satisfactory.
Greater ease in operating on gasoline and somewhat
greater certainty in steady operation are sufficient to
cause many to prefer gasoline to kerosene.”
In brief, the kerosene tractor is shown to be an important addi-
tion to modern equipment and an acknowledged commercial sue-

€ess.
PUBLIC DEMONSTRATIONS

Oil tractors have taken part in all important public tractor
contests since the classic Winnipeg trials in 1912, at which the
gold medal for general superiority was awarded to an oil tractor.

The four leading gasoline tractors in the contest averaged 11.08
horse power hours per gallon of gasoline, while the prize-winning
oil tractor developed 11.2 horse power per gallon of kerosenc.
This oil tractor showed an advantage of 19 percent in fuel con-
sumption over a high grade gasoline tractor of the same cylinder
dimensions,
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During the past twelve months kerosene tractors have partici-
pated in various public demonstrations; notably, the official state
tractor demonstration held at Minot, North Dakota. Five gaso-
line and twenty-four kerosene tractors took part in the demonstra-
tion, and the disparity in the number of each may be considered
indicative of the present status of the oil tractor. The fuel con-
sumption for the five gasoline tractors averaged 3.26 gallons per
acre, costing 88.2 cents; while the fuel consumption for twenty-
three tractors burning kerosene, or a mixture of kerosene and
gasoline, averaged 3.77 gallons per acre, costing 66.27 cents. The
lowest cost of plowing per acre was shown by the record-holding
oil tractor, which used 2.97 gallons of kerosene costing 45 cents,
which was nearly one-half the average fuel cost for the gasoline
tractors. At the National Tractor Demonstration, held at Salina,
Kansas, these low fuel costs for kerosene were duplicated, although
no public competitive records were made.

The kerosene motor car contests held in Paris during Septem-
ber, 1918, by the Automobile Club of France, and the 1000-mile
fuel road tests conducted by the New York Herald in October of
the present year, both show remarkable advances in the use of
kerosene as a fuel for engines with cylinders as small as 4 inches
in diameter. Unquestionably kerosene can be used successfully in
tractors of all commercial sizes.

.

TREND OF IMPROVEMENT

The trend of further improvements will probably be along the

following lines:

1. Fuel Consumption. Increased average fuel efficiency is
both fcasible and desirable for the kerosene tractor. A
gallon of kerosene should at least plow as much ground as a
gallon of gasoline. “The amount of fuel used per unit of
work” should not be greater for kerosene than for gasoline.

Power Rating. The power rating of an oil tractor should

be based on its performance when using kerosene; and its

“ maximum power should be equal to that of gasoline tractors

having like cylinder dimensions. In order to attain this
result the “loss of volumetric efficiency” due to “heating
the intake charge should be eliminated.”

3. Flexibility of Power Control. Power output should readily
respond to power demand. Inability to operate under low
loads, or inability to maintain rated speed under a fluctu-
ating load, such as occurs when operating a separator, are
detracting features which place any oil tractor at a disad-
vantage. The flexibility of the oil tractor should render it
unnccessary to use gasoline, or a mixture of gasoline and
kerosene when threshing.

+. Fapert Operators. Any one who can handle a gasoline

(34
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tractor would be able to handle an oil tractor equally well.
An oil tractor should be easily regulated, and should re-
quire little attention during actual operation. There
should be no basis for the claim that there is “‘greater case
in operation on gasoline and somewhat greater certainty in
steady operation.”

5. Performance of Small Oil T'ractors. The large oil tractor
was introduced in advance of the small 2-plow oil tractor,
and its fuel mixture control is based on longer experience,
but there is no inherent reason for less satisfactory results
with kerosene in small tractors than in large tractors.

BASIC CONDITIONS OF COMBUSTION
The conditions required for complete combustion are the same
Jin principle for all fuels, namely:
(1) Sufficient air for complete oxidation of the fuel:
(2) Intimate admixture of fuel and air:
(3) Temperature of fuel mixture suitable for the reactions
of combustion.

The means for achieving complete combustion in any given case
must be adapted for the physical and chemical characteristics
of the fuel to be burned; also the means employed must be suitable
for the working conditions of the engine.

In other words, /internal combustion engines of every type
should be designed specifically for the fucl thev are intended to
burn. While it is a fact that kerosene can be used far more easily
at some loads in an ordinary gasoline engine than blast furnace
gases can be used in an engine designed for natural gas, neverthe-
less, the inherent adversities between kerosene and gasoline are
too great to permit kerosene to be used successfully in a gasoline
engine at all loads by simply adding a vaporizing device and re-
ducing compression.

Oil Combustion Under Constant Conditions. The problem of
burning kerosene is presented in its simplest form in the common
kerosene lamp. For, in the lamp the controlling factors of oil
combustion—density of the air-fuel mixture proportions, and in-
terior temperature during gasification and combustion—are con-
stant. ’

When a correctly designed lamp is properly adjusted, that is,
when the constant controlling factors are regulated in co-ordina-
tion, no further attention is required.

Exceedingly simple means are employed for supplyving the fucl
and the air in the required proportions, and for effccting an inti-
mate commingling of the gasified fuel and air: for maintaining the
required temperature of fuel mixture immediately preceding and

during combustion; and also for discharging the products of com-
bustion. Due solely to the fact that all the controlling conditions
are adjusted in coordination, and that such coordinate adjustment
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remains constant, the oil lamp operates almost like an instrument
of precision. For while the candle-power output is practically
constant, the products of combustion are odorless and smokeless.

The kerosene lamp demonstrates that oil is not a refractory
fuel when all controlling factors are constants, and when constant
factors of combustion mutually cooperate in correlation during
combustion.

Oil Combustion Under Inconstant Conditions. The problem of
using oil for fuel in the throttle-governed engine is complicated
by the fact that the controlling factors of combustion become vari-
ables, whenever there is a change in power, or engine speed. And
the new conditions of temperature and compression created by each
change of load are detrimental to efficient operation.

COMPLEX FUELS

Crude petroleum, and its distillates are chemically complex mix-
tures of different substances. In respect of relative hydrogen and
carbon content, gasoline and kerosene are nearly alike. Twelve
samples of gasoline and four samples of kerosene showed the fol-
lowing average proportions:

Percent Percent Percent

) Hydrogen Carbon Ozygen
Gasoline 14.84 84.65 | ... .
Kerosene : 14.37 85.25 .38

Kerosene has usually more carbon, and slightly less hydrogen
than gasoline. Nearly the same weight of air per pound is required
in either case for complete combustion. In fact, some samples of
gasoline and some samples of kerosene required theoretically the
same weight of air for complete oxidation of the fuel.! In heating
value per unit weight of combustion, kerosene and gasoline are
also nearly alike; gasoline being a little the higher. The heat
liberated by the complete combustion of one pound of motor gaso-
line will average about 20,400 B.t.u. The U. S. Naval specifica-
tions require a minimum of 20,000 B.t.u. for kerosene.

Although kerosene and gasoline contain nearly the same pro-
portions of hydrogen and carbon, and although their potential
heat values per unit weight are nearly alike per pound of com-
bustible, nevertheless, they differ materially from each other in the
molecular constitution of their respective component substances.

Neither kerosene mor gasoline has a isingle definite boiling
point. Each has a “chain,” or series of boiling points, and the
distillation temperatures of kerosene are much higher than for like
fractions of gasoline.

1 Bulletin 43, Bureau of Mines. ’
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The respective boiling points differ approximately as follows:

?’zl'::tlsg Initial Il 20% 45% l’ 90%, | Dry Point
Kerosene .| 365° F. | 410°F. | 420°F. | 500°F. | B580°F.
Gasoline ..| Not over | Below Below Below Not over

| WK | 20°F. 275°F. | 365° F. 428° F.

The boiling points named for kerosene are the results of dis-
tillation tests of tank car samples from the Whiting Refineries.
These samples averaged 41.2° Baumé gravity. As an index of
quality, it may, however, be noted that all gravity tests are merely
suggestive, rather than conclusive; although this applies more
particularly to present day gasoline. The boiling points given for
gasoline are quoted from the U. S. Navy Department specifications
for motor gasoline adopted September 1, 1917, and later adopted
by the Committee on Standardization of Petroleum Specifications
at its meeting in Washington October 2, of 'this year.

Kerosene is further differentiated from gasoline, in that it is
heavier, is comparatively non-volatile, and has a higher viscosity
coefiicient. Its composition also differs from gasoline in being more
diverse in respect of the nature and range of substances forming
the mixture. Engineering authorities for this reason have assumca
that the difficulties encountered in burning kerosene at higher loads
“are almost wholly attributable to the heterogencous nature of
the compounds composing kerosene; certain of these compounds
are easily broken down to form others, apd to free some of the
carbon.”

TEMPERATURE IN OIL ENGINES

Regarding ignitability of fuel mixtures, rate of flame propaga-
tion, pre-ignition, and “cracking,” or decomposition of the fuel
components, in throttle-governed engines, experience shows that
internal temperature conditions which are suitable, or permissi-
ble for gasoline are quite impracticable for kerosene. This is
especially noticeable when an oil engine is operating under a mini-
mum, or 2 maximum load. At low loads the temperature must be
higher than for gasoline, and per contra, high load tempcratures
must be lower than for gasoline. Under all working conditions
low load temperatures must be hot enough to ensure inflammation
of the mixture,. Bunsen defines the temperature of ignition as the
lowest temperature capable of communicating to the constituent
parts of a gaseous mixture the ability to combine abruptly. High
load temperatures, on the other hand, must be cool enough to pre-
vent either pre-ignition or ‘“‘cracking.” Under the proper work-.
ing conditions, the temperature curves of gasoline and kerosene

]etlgines of the same size may intersect at approximately two-thirds
oad.
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Density of the Fuel Charge. For many years physicists such as
Davy, Bunsen, and Sorel have recognized the effects of compres-
sion, and temperature on the fuel to air ratio. Sorel' notes that
“Pressure as well as temperature, plays a very important part in
gaseous reactions, either directly, or indirectly.* * * Pressure
directly accelerates the reactions * * * Variations of pres-
sure have the same eftect as variations of temperature. With a
mixture of given composition, at a constant temperature but under
a variable pressure, conditions of equilibrium would be met, next
non-explosive reaction, then explosive reaction, * * * Hence
with weak mixtures, combustion is likely to be very incomplete.
This may be obviated as shown above, by increasing the pressure
more and more, in proportion as the mixture is naturally less
explosive. * * * The limits of combustion depend upon the
pressure, the temperature, and their variations to which a gaseous
mixture is submitted, as well as on its initial composition, whether
the mixture presents a-state of apparent equilibrium, or is the
seat of non-explosive reaction, or is explosive.”

Coordination of Controlling Conditions. The quality, quantity,
compression and temperature of fuel mixtures are controlling fac-
tors in the operation of all gas engines. But, in throttle-governed
oil engines the regulation of all these factors in coordination
demands greater consideration than is necessary for ordinary gaso-
line or gas engines. This is due to the complex character of
kerosene, and the effects of extreme variations of compression and
temperaturc on kerosene fuel mixtures which occur within the
power range between “idling” and full load in a variable com-
pression engine. Tlie .proportions of kerosene mixtures, and the
internal temperature must be adapted for each degree of com-
pression. Inasmuch as the variations in compression are normal,
and unavoidable in a throttle-governed engine, therefore the tem-
perature, and the fuel to air ratio, should be correspondingly
varied to suit each new sct of conditions created by the changing
compressions which occur under a variable load.

Temperatures: Temperatures rise or fall with the compres-
sions, but not in accordance with the heat requirements of the
complex oil fuel. The lighter fractions of kerosene ‘determine
the minimum heat of ignition demanded by an oil engine operating
under load compressions.  In a gasoline engine, under high load
conditions, we have a combination of relatively high compression
and high temperatures which would be impracticable in an oil
engine. For like conditions cause pre-ignition of kerosene mix-
tures. This may be avoided, obviously, be reducing the compres-
sion, thereby sacrificing thermodynamic efficiency. But such
reduction of compression is quite unnecessary. If ‘“variation of

1 “Curbureting and Combustion in Alcohol Engines.” Woodward translation.
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pressure has the same effect as . variation of temperature,” we
can retain fuel efficiency and avoid both pre-ignition and ‘“crack-
ing” at the higher loads by lowering the temperature of the com-
bustion chamber and simultaneously reducing the relative propor-
tions of kerosene in the fuel mixtures.

Since compression is both a controlling factor and a variable,
the ratio of fuel to air, and the temperature within the combustion
thamber must be correspondingly varied in correlation as already
shown, so as to maintain the proper working relations between
proportions, temperatures and compressions for oil fuel at all loads.

Proportions of Mixtures: The history of the gas engine, as
disclosed in several hundred patents, since 1887, and the common
practice of manufacturers, as well as the dictum of engineering
authorities as stated in technical journals and textbooks show a
concensus of opinion that fuel mixtures should be of constant
relative proportions regardless of their volume, compression, or
temperature. This erroneous assumption is as old as the throttling
gas engine, and it has persisted to the present time.

A well known textbook, for example, states that “Mixture compo-
sition must be automatically maintained at any desired air gas
ratio, irrespective of speed changes, load or weather conditions.
Neither accelerating nor idling should change the mixture propor-
tions.” This statement is contrary to physical law. In order to
achieve the best results no controlling factor should be a constant
in a variable compression engine. Gasoline and alcohol, how-
ever, differ from kerosene in that their composition permits far
greater latitude in temperatures and in the proportions of mix-
tures, than is feasible for kerosene.

The basis of this fallacy is the well known fact that fucls com-
bine with oxygen in combustion only in certain definite proportions.
Products of complete combustion of a chemically complex hydro-
carbon fuel mixture are always H,O for the hydrogen and €O,
for the carbon. It was, and in many instances still is, incorrectly
supposed, therefore, that since the products of complete combus-
tion are thus definitely’ fixed, the relative proportions of fuel and
air in the fuel charges should also be constant.

The theory that constant proportions of fuel charge are prac-
tical and desirable ignores the fact that while the combined propor-
tions of fuel and air in complete combustion are constant for stand-
ard conditions of barometer and temperature, it is also true that
there is a wide range of mixtures for each combustible gas and vapor,
within which range the mixture is inflammable and explosive, and
other conditions being equal, The (1) degrees of inflammability, (2)
rate, or velocity of flame diffusion; and (3) quality of combus-
tion, depend on the qualitative composition of the mixture. Rela-
tive proportions of fuel charges should therefore vary in conso-
tance with the varying requirements of compression, internal
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temperature and piston speed. A constant mixture in a throttling
governed gas or gasoline engine cannot be correct for all compres-
sions and temperatures, but in an oil engine, subject to variable
load, mixtures of constant proportions are impracticable.

Automatic Readjustments: Furthermore, in an oil engine sub-
ject to frequent changes of load, the regulation of internal tem-
peratures and fuel mixture proportions must be absolutely auto-
matic, for the most skillful operator could not possibly readjust
temperatures and fuel mixture proportions in an oil tractor while
driving a separator. Dynamometer records show that quite ab-
rupt, though momentary, fluctuations of drawbar pull even occur
in plowing. o

Enlarged Functions of the Governor: The regulation of power,
speed fuel mixture proportions, and internal temperatures in auto-
matic coordination with varying compressions, involves an obvious
increase in the functions of the throttling governor. In order to
satisfy the required conditions, the governor must simultaneously
regulate in due correlation the (1) quantity of mixture, (2) pro-
portions of mixture, and (3) the internal temperature; thereby
automatically coordinating the regulation of the working condi-
tions at all loads within the capacity of the engine. Subject to
such automatic coordinate control, kerosene is more flexibly re-
sponsive to a varying load than gasoline.

Use of Water. Experience has demonstrated that water is an
efficient and suitable medium for regulating heat conditions in a
throttle-governed engine. Water can be used internally as well
as in the water jacket.. For internal cooling, water may  be
inhaled with the fuel charge. Prof. C. F. Hirshfeld' remarks
that “‘the use of water probably leads to a water gas reaction with
the hydrocarbons or with some of the carbon liberated from those
hydrocarbons, resulting in the formation of CO,, CO, and H,O.
This would prevent the deposition of some carbon which would
not otherwise be burned and would therefore result in a cleaner
engine. These water gas reactions start at a temperature of about
1000° F. and are very active at a temperature of 1800°; they
cannot therefore occur to any extent during compression as has
been assumed by some. * * * The water serves as a diluent
of the combustible mixture just as any other gas or vapor would,
and it thus decreases the rate of flame propagation and hence
decreases the ultimate maximum pressure. Its action in this way
would be particularly noticeable at the higher loads when the
velocity of flame propagation in the undiluted mixture would reach
its maximum value. * * * It will also be evident that, within
limits, the action of the water will be dependent upon its quantity.
Too little will give all the troubles with which the engineer is

1 The Principles of Fuel Oil Engines.
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- familiar; too much will cause similar troubles. The proper quantity
in any engine varies with the load, though not in direct propor-
tion, however.”

Both nitrogen and water are diluents. But nitrogen is an inert
diluent, while water admitted in proper quantities may even
serve 33 a fuel element, enriching the gas by the addition of
hydrogen and oxygen. Hydrogen, within limitations, is a desira-
ble constituent because it increases greatly the calorific value of
the fuel and promotes flame propagation. Oxygen combines with
carbon to form carbon monoxide.

It is essential, therefore, for the total quantity and relative
porpartion of water admitted to be regulated by the governor to suit
the varying internal temperature requirements incident to a varying
load. There should be automatic regulation of water as well as
fue. No water whatever is required when starting, or when
operating under low loads which require much higher temperatures
than is necessary for gasoline engines. The internal temperatures
at the lower loads are increased for kerosene by maintaining a
higher temperature of the water jacket than is required for gaso-
line engine. At higher loads the temperature is reduced as re-
quired by inhaling water and regulating the quantity of water in-
haled, the quantity increasing more rapidly than the load increases,
until it has reached a maximum both in quantity and proportions
at maximum load. The statement is sometimes made that “water
is taken into the cylinder in proportion to the load on the engine.”
This is incorrect. The rate of water supply should exceed the
rate of increase in load. )

THROTTLING GOVERNORS

This paper has considered oil fuel only as it is used in the
throttle-governed engine. Engineers are fully aware of the de-
tracting features inherent in the throttling governor. Various
other methods of controlling the speed and power of oil engines
have been proposed and tested during the past 40 years. Some
of these are in present use. But power users now recognize that
thermal efficiency is not the controlling factor in the commercial-
economy coefficient. Quantity regulation has proven to be the
most flexible and best all-around method of governing engines sub-
ject to wide, erratic, or frequent changes of load. It is almost
universally used at the present time. Common consent has decided
that it is highly satisfactory for the farm tractor, and the law of
tommon consent is more powerful than any statute.

CONCLUSIONS

Regarding kerosene as a fuel for the throttle-governed farm
tractor, we may deduce the following conclusions:
1. From the strictly commercial, or sales viewpoint, the oil tractor

i
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has already overtaken and passed the gasoline tractor as well -
as the steam tractor.

Now that the disturbing effects of the world-war on the oil
trade is passing, it is safe to predict that there will be an
adequate supply of kerosene; at least for the requirements of
the prescnt generation. And while the price will fluctuate
with changes in trade conditions, it will unquestionably be
sold at a notable reduction below the prevailing market quo-
tations for gasoline.

Before oil engines attained their present stage of development,
the kerosene lamp revealed two highly significant facts. The
first, that kerosene burns without smoke or odor when all the
controlling factors of combustion are in suitable correlation.
The second, that under all other possible combinations of com-
bustion conditions, kerosene is a highly refractory fuel.
When its combustion is incomplete, the combustion products
include free carbon, carbonaceous deposits and. highly mal-
odorous gases.

The fact that kerosene is practically non-volatile at atmos-
pheric temperatures is advantageous rather than detrimental
to its use as a fuel for the farm tractor.

Experience with various methods of regulating the speed and
power of farm tractors demonstrates that quantity governing
has practical advantages over other existing methods of regu-
lation.

Density and temperature of the fuel mixture are controlling
factors in the combustion of any fuel. But they are vitally
decisive factors in the combustion of the non-volatile liquid
hydrocarbons, such as kerosene. This is due to the complex
character of the fuel and the chain of boiling temperatures.
And the so-called problem of burning kerosene in the throttle-
governed engine was due to the fact that the controlling factors
of combustion became variables under a varying load.

It follows that the onlv feasible method of using kerosene in
an engine when controlling factors of combustion are variables,
is to readjust the temperature of the combustion chamber and
the fuel to air ratio of the fuel mixture to suit each new set
of conditions caused by each change in compression.

In order for the quality, quantity and combustion tempera-
ture of the fuel mixtures to be automatically readjusted in
coordination under a varyving load, these readjustments must
be subjeet to a common unitary control; thercfore, ordinarv
functions of the specd-controlling governor should be increased
so as to include such triple automatic coordinate control.

The addition of water to the fuel mixture in automatically
varving quantities under such governor control is the most
efficient means for regulating internal temperatures at the
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higher loads. When used in the proper quantities, water is
highly beneficial in several directions. It absorbs excess heat,
which would cause pre-ignition. It prevents “cracking.” It
regulates the velocity of flame propagation. It acts as a
diluent of the fuel charge. It prevents, or lesscns carboni-
zation, and it also acts efficiently as a detergent.

It may be noted, in closing, that the average owner of an oil
tractor judges his tractor by gasoline tractor standards, or from
the gasoline viewpoint. This is both natural and proper. An oil
tactor should certainly possess every advantage of the best gasoline
tractor, plus reduced plowing cost. The oil tractor has demon-
strated its equality with the gasoline tractor in power output of
engines having equal cylinder dimensions, in horse power hours
obtained from a gallon of kerosene, in flexibility under a varying
load, and in general performance. The past decade may be con-
sidered the introductory decade of the oil tractor. Further im-
provement will be made as suggested by experience. The future
will undoubtedly show a greater standardization of sizes and types
of tractor than now exists. But efficient standardization must be
based on correct underlying principles, and exact data relating to
field performance.

DISCUSSION

Question: I would like to ask if the points were taken up as
discussed and whether they apply equally to the intcrnal lubricated
engine with vertical cylinders as they do to the horizontal with the
external lubrication?

Mk. Secor: As everything I said applics, I would say that
until I became connected with my present work, my work largely
was on marine engines which had to be upright and on stationary
engines preferably upright. I never made a gasoline engine in
my life until I came to La Porte 10 years ago.

Mr. Saxpers:!  Why do the automobile manufacturers invariably
stay with gasoline?

Mr. Secor: You will note in my remarks T said practically
nothing about mechanism. I dealt with principles only. Some-
one may come along and make a better oil engine than the world
has ever seen but the underlying principles are cither right or
wrong. We are dealing with the right principles, we are sure.
You will notice I referred to two keroscne tests on automobiles this
vear—one which occurred in Paris and the other in New York
City under the auspices of the New York Herald—a 1000-mile

test. Both tests were with kerosene. They took up the automo-
bile at every point—the matter of accelerating, retarding, going
to the slowest possible speed and then starting up quickly. They
did all the stunts and nearly as good as with gasoline. Now the

—

! Newell-Sanders Plow Company, Chattanooga, Tenn.
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principles we are speaking of can be applied to the automobile.
There is no reason why the automobile should continue to use
gasoline. As I said before, and it is a most striking illustration,
any properly adjusted kerosene lamp shows better combustion
than the best gasoline car. Did you ever enter a country church
with six or more kerosene lamps burning, with every door and
window shut, and you smelt nothing but people’s breaths? If
one-quarter that quantity of gasoline had been in there it wouldn’t
be tolerable.

QuestionN: I think your theories are right if such automatic
adjustment can be had, but from experience in the handling of the
farm tractor I realize we must give the tractor owners something
they can work with every day. Our experience has been they don't
get these results when using kerosene. They have difficulties.
They don’t have proper combustion, and an endless list of diffi-
culties follow. The difference in the cost of the fuel is infinitesi-
mal as compared with buying new engines.

Mgr. Secor: Well, the designer of the automobile started out
with the idea he wanted to make his fuel mixture as nearly uniform
as possible under all working conditions. The designers all agree
on that. Now some of the oil engine people have begun to realize
that that is quite impractical with oil. The minute you have a
constant mixture you have a mixture that is not rich enough for a
light load and too rich for a maximum load but so far as I know
the automobile men are unanimous and still of the opinion they
were 10, 15 or 20 years ago, that full mixture should be constant
in proportion. No stream; rises higher than its source. They
don’t claim to get any perfect uniform mixture, but that is the aim.
There is certainly no attempt whatever to make a rich mixture at
light load, and the richest possible at heavy load. The very
minute you do that, and if you carry your temperature at low load
high enough to take kerosene, you can use it better. Even under
the conditions they are making- progress. So far as they are
making progress, their practice is far ahead of the theory. When
people find the practice has outgrown the theory, they will read-
just the theory to suit the practice.

Mr. Dickerson: I should like to ask Mr. Secor if he does not
think with the vertical engine there is a movement toward enforced
lubrication that will cure some of our troubles?

Mr. Secor: I didn’t know that one could run an oil engine
either vertical, honzonta], inclined, or V-shaped, without forced
lubrication.

Mg. chxr-:nsou. Some are trying to do it.

Mgr. Jo~nes:! Without presuming to take exception to the state-
ments of a man who is older in yecars and experience than myself,

Wi ! Department of Agricultural Engincering, University of Wisconsin, Madison,
is.
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I should like to call attention to one feature of his comparison
between the oil Jamp and combustion inside the cylinder of the
engine. In the case of the oil lamp, nothing comes in contact with
the burning gas except air, whereas in the case of the cylinder
we have a prepared mixture which is in contact with cold metal.
Our flame is propagated from the point of ignition to such a point
or to such a distance from the cylinder wall that the cooling effect
of that cold metal—comparatively cold—interferes with perfect
combustion, and whether it is gasoline or kerosene, there must be
some contact with the metal.

With respect to Mr. Sanders’ discussion as to the method of
lubrication practicable for oil-burning engines as compared with
burning gasoline, Mr. Secor has pointed out the necessity for high
cylinder walls. You notice the temperatures which he has put
there on the blackboard. For example, when 45 percent of the
kerosene has boiled away, we have a temperature of 420° F., and
that is about as high as the flash temperature of lubricant. Con-
sequently, we run into lubrication difficulties if we attempt to main-
tain a wall temperature high enough to vaporize. The result is,
in a circulating system where the oil is pumped over and over
again, the certain amount of kerosene which must condense, or
deposit, will become washed down to the crank case and gradually
dilute the oil.

Me. Secor: I fully agree with everything Mr. Jones says.

THE DESIGN, MANUFACTURE, OPERATION AND CARE
OF LEAD STORAGE BATTERIES FOR FARM
LIGHTING PLANTS

H. M. Beck,! Member Amer. Soc. A. E.

About the year 1860, a Frenchman named Plante, while in the
course of some experiments with electrolytic cells, placed two pieces
of lead in a vessel containing a weak mixture of sulphuric acid and
water, connected these in series with a meter and passed current
through this circuit from an outside source. After allowing the
current to flow for some time, he stopped it, short-circuited the
two terminals of the circuit, and was surprised to get a reverse
reading of the meter, indicating that the cell was giving back some
of the electrical energy applied to it.

The history of the lead storage battery begins with this simple
experiment, and while batteries of the present day appear some-
what more complicated, they can all be reduced to these simple
elements, namely, two pieces of lead insulated from each other and
submerged in sulphuric acid and water. It is customary to divide

VElectric Storage Battery Company, Chicago, I1l.
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principles we are speaking of can be applied to the automobile.
There is no reason why the automobile should continue to use
gasoline. As I said before, and it is a most striking illustration,
any properly adjusted kerosene lamp shows better combustion
than the best gasoline car. Did you ever enter a country church
with six or more kerosene lamps burning, with every door and
window shut, and you smelt nothing but peoples breaths? If
one-quarter that quantity of gasoline had been in there it wouldn’t
be tolerable.

QuestioN: I think your theories are right if such automatic
adjustment can be had, but from experience in the handling of the
farm tractor I realize we must give the tractor owners something
they can work with every day. Our experience has been they don’t
get these results when using kerosene. They have difficulties.
They don’t have proper combustion, and an endless list of diffi-
culties follow. The difference in the cost of the fuel is infinitesi-
mal as compared with buying new engines.

Mg. Secor: Well, the designer of the automobile started out
with the idea he wanted to make his fuel mixture as nearly uniform
as possible under all working conditions. The designers all agree
on that. Now some of the oil engine people have begun to realize
that that is quite impractical with oil. The minute you have a
constant mixture you have a mixture that is not rich enough for a
light load and too rich for a maximum load but so far as I know
the automobile men are unanimous and still of the opinion they
were 10, 15 or 20 years ago, that full mixture should be constant
in proportion. No stream rises higher than its source. They
don’t claim to get any perfect uniform mixture, but that is the aim.
There is certainly no attempt whatever to make a rich mixture at
light load, and the richest possible at heavy load. The very
minute you do that, and if you carry your temperature at low load
high enough to take kerosene, you can use it better. Even under
the conditions they are making- progress. So far as they are
making progress, their practice is far ahead of the theory. When
people find the practice has outgrown the theory, they will read-
just the theory to suit the practice.

Mr. Dickerson: I should like to ask Mr. Secor if he does not
think with the vertical engine there is a movement toward enforced
lubrication that will cure some of our troubles?

Mg. Secor: I didn’t know that one could run an oil engine
either vertical, honzontal, inclined, or V-shaped, without forced
lubrication.

Mr. DICKERSON. Some are trying to do it.

Mpr. Jongs:! Without presuming to take exception to the state-
ments of a man who is older in years and experience than myself,

Wi 1 Department of Agricultural Engineering, University of Wisconsin, Madison,
is.
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engine. .ln the case of the oil lamp, nothing comes in contact with
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About the year 1860, a Frenchman named Plante, while in the
course of gome experiments with electrolytic cells, placed two pieces
of lead in 5 vessel containing a weak mixture of sulphuric acid and
water, connected these in series with a meter and passed current
through this circuit from an outside source. After allowing the
current to flow for some time, he stopped it, short-circuited the
two terminals of the circuit, and was surprised to get a reverse
reading of the meter, indicating that the cell was giving back some
of the electrical energy applied to it.

The history of the lead storage battery begins with this simple
experiment, and while batteries of the present day appear some-
what more complicated, they can all be reduced to these simple
elements, namely, two pieces of lead insulated from each other and
submerged in sulphuric acid and water. It is customary to divide

! Electric Storage Battery Company, Chicago, Il
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each of these picces of lead into sections and then weld them
together in order to get them in a more convenient shape to handle,
but they still act as if they were one single piece of lead.

THEORY OF THE STORAGE BATTERY

Why has this simple combination a capacity for storing energy?
The chemical theory of the storage battery is very involved and,
in fact, has never been completely solved, but, fortunately, it is
neither necessary, nor advisable, from an operating standpoint,
to go very far into this theory. It is far better to stop with the

main facts upon which our operating methods are based, as other- .

wise there is danger of confusion.

Chemistry teaches us that when different elements, or materials,
combine, energy is always either absorbed or released. Where
the conditions are right this energy may be made to show itself
in the form of an electrical current. )

In the case of the storage battery we have two substances: lead
and sulphuric acid. During the discharge these combine, forming
salt of lead, commonly called sulphate, and the energy released by
this combination shows itself in the form of an electrical current.

During charge the reverse action takes place. The charging cur-

rent breaks up the combination and drives the sulphuric acid out of
the plates back into the solution, or electrolyte, until the combina-
tion is entirely broken up. The cell is then in its original condi-
tion, charged and ready for another discharge.

This basic reaction should be borne in mind, not only because it
cnables us to visualize the reason for the rise and fall in voltage
and gravity during charge and discharge, but also because it fur-
nishes the answer to the claim of certain batteries which appear
on the market from time to time under the title “Non-Sulphating.”

The question naturally arises as to what the current does if the
charge is continued after all the sulphate is broken up. When an
electrical current is passed through a cell, it will always do the
casiest thing first. As long as there is any combination of lead
and acid present, this will be broken up first.  When this is com-
pleted. the next easiest thing is to decompose or break up the water
in the electrolyte into its component gases, hvdrogen and oxygen,
these gases showing themselves in the form of bubbles rising to the
surface.  This action starts gradually and then increases rapidly,
until the clectrolyte has the appearance of boiling water. Thus,
when a cell begins to gas freely, it is an indication that the plates
arc nearly charged, as they are not absorbing the current.

DEVELOPMENT AND CONSTRUCTION

A storage battery cell (Figs. 1 and 2) consists essentially of
positive and negative plates, separators for insulating and holding
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thesc apart, electrolyte, and a jar, or container, for holding the elec-
trolyte and supporting the plates.

Plates—While the simple cell described in Plante’s experiment
contains the elements of a storage battery, it would have very little
capacity, due to the small surface of lead exposed to the electro-
lyte.

I Lan S T ATS

CA e eatacane

. . . e
TaTY e T UYWLl TAWE S VAL Lt M msaa il s eCh N

e em

N

Fig. 2. Typical sealed glass jar cell

Since the discharge is due to the combination of the electrolyte
with the lead, naturally the greater the amount of lead surface
exposed to the electrolyte, the greater the amount of combination
which can take place, and consequently the greater the capacity.

The first step, therefore, in making a commercial cell is to in-
crease the surface of the lead plate and this can be done in a
number of ways.
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Larger sheets of lead could be used, but we would soon reach
dimensions which would" be prohibitive even if, as already men-

\
I

L

Section AR Section 88
Fig. 8. Cross-section of Tudor positive plate

tioned, these were cut into small sections welded together in order
to get them into more convenient shape.

Fig. 4. Manchester button

The exposed surface of a given area of lead can be increased
by grooving, corrugating, or
casting it in the form of a grid,
with openings extending all the
way through (Figs. 3, + and
5). By this method the ef-
fective surface can be in-
creased some eight or ten times
and plates of this type, known
as Plante plates, are very
largely used today in station-
ary service, or where long life is desired and weight not a serious
handicap.

A still further increase in surface can be reached by making the
plate itself porous, or sponge-like so that it is nearly all surface.
This plate represents the limit of surface, and consequently capacity,
that we have been able to reach up to the present time; it is proba-
bly the most largely used today, and from its method of manufac-
ture is known as the pasted type.

Porous lead has very little mechanical strength and its conduc-

Fig. 5. Section of Manchester plate
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tivity is not the best,
so that ‘it requires
some method of me-

chanical support and
this support must also %

A

act as a conductor.
For this purpose a
very light openwork
grid of a hard alloy
of lead is used (Figs.
6 and 7). The open-
ings of this grid are [,
filled by pasting with
a mixture of oxides of |____ |
lead, of about the con-  Fig. 7. Cross-
sistency of mortar, section past-
and when dry this sets ed plate grid
hard and  becomes (exide tyPe)
practically a unit with the grid, the
latter serving as the backbone, or
skeleton. These plates when prop-
erly charged are very porous, and
thercfore have a very high capacity in proportion to their weight.
(Fig. 8.)
Finally, in the case of cither type of plate,
Plante or pasted, it is evident that the ex-
posed plate surface in a container can be
incréased by making the plates thinner and
using more of them. Except within reasona-
ble limits, however, this practicc results in
short life and mechanical weakness and so
is of practical value only where the rates of

Fig. 8. Positive  charge and discharge are extremely high, or

pusted plate lightness and low initial cost are of first im-
(exide type) portance.

Separators—Next to the plates, the most important part of the
cell is probably the scparator. The two plates, or groups of pl;ate:%
must be kept apart and insulated from each other, or a c1_x'cmt is
formed inside of the cell and the capacity lost through internal
discharge. .

Much study has been given to this subject and many different
materials have been used. The ideal separator must be an insula-
tor, but sufficiently porous to allow free action between the pla@es;
must stand the action of the electrolyte and of the active material;
and have sufficient mechanical strength to keep the plates apart,
even under considerable pressure. The two materials which seem

AN

Fig. 6. Pasted plate grid,
(exide type)

rm
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best to meet these s
as a result, one of
standard,

Hard rubber

pecifications, are wood and hard rubber, an'd
these Materials, or a combination of the two, is

stands the electrolytic action, is a good insulator
d strong mechanically, but it is not
rous, so that perforations are necessary
order to allow the action to go on
tween the plates. In order to keep
the resistance to this action, the per-
ations must be of considerable size so
it there is danger of some of the lead
terial bridging across between the
tes, through the perforations, and
1sing short circuits, (Fig. 9.)
A secondary advantage derived from
use of hard rubber is that this material
%0 resistant to the action of the active
terial that flat sheets may be placed

ectly against the surface of the posi-
"8 O Perforated mye,  tive plates without danger, and this not

Separator only protects the active material from the

mechanical action of the gassing, but also
s prolongs the life of the plate.

ordinarily attack and

. P |
these Impurities, or A
s t Y to be serious. I!‘JJW:_NJ;I“
7> Untreated w . S DT ST SR I
be: useq " 0od should never

oo a8 storage battery in ap Fig. 10. Grooved wood
quatn t.lty. ! d € separator
; Dot 5o 8enerally apnreci t i iti i han-
that ddition to its mec
lCal ?dVantages W00 dy fPP eciated that in additi

AN chems » alter the proper treatment, still contan:;
10 prever o eler.nents which are beneficial to the plates a
o 1035 in ¢apacity, so that this characteristic presents
t'lom-ﬂ Argument in fayor of the use of the wood scparator.
‘b on °f & wood diaphragm with a perforated sht'aet og
* (Fig. 11) offers, in many cases, the best solution o

ten



Fig. 11. Combination grooved wood and hard rubber
separator

Fig. 12. Stationary cell in glass jar
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a8 we are thus enabled to take advantage
ch material.

Finally, in order to complete the cell,
some sort of a jar is required to hold the
electrolyte in which the plates are sub-
merged. For this purpose, glass or hard
rubber is most commonly employed for
the smaller plants.

Glass jars have the advantage of ren-
dering the inside of the cell visible for
inspection, so that they are practically
standard for small stationary plants.
(Fig. 12.) Where portability is neces-
sary rubber is used on account of its
greater freedom from breakage (Fig.

13.)

OPERATION

In the operation of the storage battery,

cell in rubber jar

the most important point is the proper
charge, and in connection with the

charge, the important points are the charging and the cut-off.
The rule governing the proper charging rate can be stated very

simply, and in practice, the
problem is simply to approach
this ideal as nearly as possible.
As long as the cells do not gas
or heat, it is perfectly safe to
uwe any current rate desired,
but the current must never be
above normal when the cells
are gassing, as this is likely to
result in increased deprecia-
tion. Heating should always
}> avo'ded by reducing the rate
wherever possible.

It will be found that many
different methods of charging
can be worked out which are
perfectly safe according to this
rde. For example, where
there is plenty of time, the
normal charging rate may be
wed from start to finish; on
the other hand, if it is desired
to hasten the charge, a very
high current rate may be used
8t the start, provided this is
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Fig. 14. Curve showing current rate
and ampere hour input for quick
charge constant potential system
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gradually reduced as the charge progresses so that there is no
gassing until the rate is down to normal. (Iig. 14.) The first
method is known as the constant current system and the second as
the constant potential system, and in between, there are innumerable
combinations of the two. The constant potential system derives its
name from the fact that if the proper constant potential is applied
to a cell, the charging rate will automatically taper so that gassing
is avoided, due to the rise in the cell voltage as the charge
progresscs. o

The determination of the proper point at which to cut off the
charge is not quite so simple. According to our theory, during
charge the current breaks up the combination of lead and acid,
driving the acid back into the electrolyte, and this is indicated by
the strength (specific gravity) of the electrolyte increasing, as
shown by the hydrometer reading. The voltage of the cell behaves
in a similar manner.

This action goes on, that is, the voltage and gravity rise until
all the lead sulphate is broken up, when the readings come to a
standstill, and cannot show any further increase, no matter how
long the charge continues. This, then, is the indication that the
charge is complete and should be cut off, namely, that the voltage
or gravity has stopped rising.

Then, as already explained, when the charge is nearly completed
and the plates will no longer absorb the current, it begins to
decompose the water of the electrolyte into its component gases,
hydrogen and oxygen, and these gases show themselves at the
surface in the form of bubbles commonly referred to as “gassing.”
This indication of the completion of the charge is very easily used,
but unfortunately is not very accurate, so that it should only be
employed in conjunction with one of the other methods.

Three methods of determining the end of the charge are thus
evident, namely, the voltage or gravity reaching a maximum and
the cells gassing freely. (Fig. 15.) )

Finally, there is the ampere hour efficiency method, which is
very largely used in connection with automatic methods. Experi-
ence has shown that under a given set of conditions, the ampere
hour efficiency of the storage battery holds quite uniform. In
other words, knowing that a certain amount of discharge has been
taken out, it can be ‘figured closely how much charge will be
required to bring the cells back to a fully charged condition. This
method, therefore, depends upon the use of an ampere hour meter,
which will measure and indicate the amount of discharge or charge.

It is evident, however, that as the ampere hour meter has no
dircet connection with the battery, there is a possibility of its
getting out of step; for example, indicating that the battery is
charged when this is not the case. Thus, where the ampere hour
meter is used, it is essential that it be checked by the gravity
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method at rather frequent intervals, in order to make sure that it
is in step.

The discharge is a much simpler matter than the charge, as there
is only one point to look out for, namely, not to discharge too far.

Fig. 15. Curves showing voltage (upper), gravity (mid-
dle), and gassing (lower), for constant current charge

(lower), during discharge at a constant rate

As far as injuring the battery is concerned, it makes no difference
how high the discharge rates are as long as they are not kept on
too long. Just as the gravity and voltage rise during charge they
fall during discharge (Fig. 16), and based on cxperience, certain
limits have been placed beyond which it is not safe to go.

The ampere hour meter can be used to indicate the discharge
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limit where the average discharge rates are not above normal, but .
where higher rates are used, allowance must be made for the reduc-
tion in the capacity of the cells, due to the higher rates.

In addition to the charge and the discharge, there is one other
routine operation in connection with the storage battery which must
be attended to, namely, replacing the evaporation. It would seem
that this ought to be the simplest part of the routine, and yet, duc
to a quite general misunderstanding, a good deal of trouble occurs
at this point. What is actually required is very simple, namely,
to put sufficient water of the proper purity into the cells, frequently
enough to keep the plates from ever becoming exposed to the air.

By the “proper kind of water” is meant water which does not
contain injurious impurities. Distilled water should be, of course,
always safe, but many natural waters, including rain water, are
also safe and can be used, provided they are first analyzed and
approved. This precaution should always be taken where the local
water supply is used for this purpose.

e ————— As we know, water will
1

freeze. On the other hand, ex-
R , cept at very low temperatures,
B T clectrolyte will not (Fig. 17),
T v smene onvzgs. © . and even at very low tempera-
, ST ture it does not freeze solid, but
S ) forms a sort of slush which will
™~ o -G not break jars. Since water is
: lighter than electrolyte, it will
N 3 tend to float on top of it when
", added to replace cvaporation,
and thus may freeze and cause
trouble where a battery is sub-
‘ ) Jected to freezing temperature,
- \ /‘ : unless care is taken to see that
i T | it is mixed with electrolyte.
S e AT e R TR e Fortunately, this is not difficult,

" as the gassing at the end of the

ig. 17 . .

] charge will accomplish the de-
sired result, so that all that is necessary in such cases is to take
the precaution only to add water during charge and preferably
the latter part of the charge.

The trouble with replacing the evaporation arises from the
rather widespread impression that there is a loss of acid as well
as water, due to the action of the cell. According to theory,
there is no loss of acid. It combines with the lead plates during
discharge, but is all driven back again into the electrolyte during
charge.  Thus, if the proper amount of acid is put into a cell
originally, it requires no further attention. This idea that some
of the acid is actually used up results in more or less frequent

e e
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addition of acid to the cells, which eventually results in too strong
electrolyte and this is very injurious to the plates.

With use, material from the positive plates gradually loosens
and falls to the bottom of the jars in the form of a grayish-
brown sediment. A space under the plates is provided for this
sediment and in some cases this is deep enough to take care of all
the sediment until the plates require renewal. On the other hand,
in many batteries where the height of the cells is restricted, this
is not the case, so that the amount of sediment requires watching
and must be cleaned out before it reaches the plates, as this would
result in an internal short circuit and discharge the cells.

The storage battery must be kept clean and free from dirt.  In
this respect it does not offer any special peculiaritics, with the
exception that the electrolyte will corrode certain metals if it comes
in contact with them. This applies especially to copper, brass
or iron; lead is naturally immune. Corrosion is most likely to
occur at the connections or terminals and shows itself in the form
of a greenish salt.

If connections, etc., are kept well coated with vascline or some
heavy grease, this sheds the acid and prevents corrosion. Where
it has occurred, the remedy is to clean the surface thoroughly,
neutralizing any acid which may be present with a solution of
ammonia or of bi-carbonate (baking) soda and water, and after-
wards washing off this solution with plain water. If the surfaces
are then thoroughly greased and kept greased, no further trouble
from this source will be experienced.

LOCATION *

The location of the storage battery has much to do with its
successful operation. While it does not require a great deal of
attention, that little is vital and it is self-evident that if the cclls
are inaccessible or poorly lighted, they are bound to be neglected.

A location should be selected where the ventilation is good. If
the battery is inside of a cabinet, ventilating opcnings should be
provided so that there is free circulation in order to carry away
and prevent the accumulation of battery gascs.

Extreme temperatures, cither hot or cold, arc objectionable.
High temperatures, that is, above 110° F. shorten the life. Low
temperatures reduce the available capacity and this is apt to occur
in winter when the days are short and there is the greatest demand
for light. At temperatures below freezing, as alrcady explained,
it is further necessary to take precautions when adding water to
the cells to replace the evaporation.

ISOLATED PLANT FIELD

The small electric light plant field is from the storage battery
standpoint, one of the very best, but until rccently, the develop-
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ment has been surprisingly slow, not lapparently due to any
inherent obstacle, but rather to an insufficient study of the problem
so that the real conditions to be met have not been appreciated.

Many attempts have been made to design isolated plants with-
out the use of the storage battery, but judging from the most general
practice today, it seems to be admitted that the battery is an essen-
tial part of the system. While the use of the battery offers a
number of other advantages, its primary object is to render con-
tinuous 24-hour service available without the necessity for running
the power plant all the time.

It would appear self-evident that an electric lighting plant
of this type should be designed as a whole with the various parts
properly proportioned to work together, and yet a great deal of
trouble in the past has resulted from the neglect of this point.
Where a local dealer purchases a standard engine from one manu-
facturer, a generator or switchboard somewhere else, specifies a
battery entirely too small for the work to be done, and finally at-
tempts to assemble the apparatus, the result can hardly escape
being a failure. The first essential to success is, therefore, that
the plant as a whole be properly designed.

The fact that these plants are so largely sold by non-electrieal
experts calls for the simplest possible assembly and where there
are separate units, provision against improper assembly. In the
case of the storage battery, this has produced a demand for cells
which can be shipped assembled, scaled and charged, instead of
following the earlicr practice, which was to assemble them and give
them theirdnitial charge after installation. In other words, caution
must be taken to see that the plant is properly sct up, and turned
over to the owner in the best working condition.

It must be appreciated that after installation thesc plants will
be handled by non-experts and further, that the farmer already has
his hands full without having to watch his lighting plant. This
condition means that as far as practical, the operation of the
plant should be automatic in order to reduce the knowledge and
supervision required to a minimum, but whether the control is
automatic or not, the attention the battery receives is bound to
be both crude and irregular, so that from the storage battery stand-
point, a very large factor of safety in the form of excess capacity,
is required. A central station battery which is handled with the
utmost care and accuracy can be counted upon for its full capacity
at any time, but not so with the small isolated plant, and experience
has shown that the use of too small batterics has been one of the
most common mistakes in the past.

Finally, it is essential that the right type of battery be fur-
nished if satisfactory life is to be expected. Other things being
equal, the life of the battery depends upon four factors: design,
abuse, depreciation due to time, and depreciation due to electrical
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work, that is, discharge. The problem therefore resolves itself
into selecting the type which will give the greatest return per
dollar invested.

There are, as given above, two general types from which to
choose, Plante and Pasted.

The Plante type is the more rugged, will stand more abuse, and
for a given capacity has about double the discharge life. On the
other hand, it costs about twice as much and is considerably
heavier, which complicates the shipping problem.

The Pasted type has the advantage of lightness and compact-
ness, experience indicates that when properly designed and con-
structed it is durable under the average conditions encountered in
this service and while theoretically its life is less than that of the
Plante, the cost is also less, so that greater capacity can be in-
stalled at the same cost and will give approximately equal dis-
charge life, that is, the same amount of total ampere hours dis-
charge.

From the standpoint of time life the Plante type has some ad-
vantage, but there is no difficulty in designing a pasted plate to
stand the depreciation due to time alone (that is, without any dis-
charge) for anything up to a 10 years' life, so that from this
standpoint the advantage of the Plante type is theorctical rather
than actual.

Summing up the advantages for and against the two types:

1. The cost per ampere hour discharge life is about equal, the

Plante showing less than 10 percent advantage.

2. The cost per ampere hour capacity is about two to one in

favor of the Pasted type. ’

3. The Plante is more rugged, but is considerably hcavier.

4. The Pasted type is rugged enough and has the advantage

of lightness and compactness.

This comparison shows up very decidedly in favor of the adop-
tion of the Pasted type and explains why this type is practically
standard for this service.

Individual cases may arise where the discharge is unusually
heavy and it may pay to install a different type of plate in order to
take advantage of its increased life, but these cases are likely to
prove exceptions rather than the rule, and even herc a special form
of Pasted plate will probably have the prefcrence over the Plante.
The comparison, so far, is based upon the flat type of Pasted
plate so generally used, whereas there are some other forms which,
while more expensive, have a much greater life and will probably
show an advantage over the Plante even for heavy discharge work.
These special types have not until recently received very much
consideration for stationary service, but they 'are likely to be
heard from in the future.

Having selected the Pasted type, we still have the proper
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design and capacity to settle. Other things being equal, the
thicker the plates the longer the life and the more rugged the con-
struction. In fact, experience has shown that certain minimum
limits are necessary if a plate is to last a given time, even if it Is
not discharged at all.

On the other hand, a certain amount of exposed plate surface
is required to take care of the charge and discharge rates without
dangerous current concentrations. This fixes the minimum plate
surface, or, with a plate of a given size, the minimum number of
plates which should be furnished.

It goes almost without saying that even the proper plates must
be properly assembled. This calls for:

1. A separation which will eliminate the possibility of short

circuits.

2. Sediment space which will preferably hold all of the sedi-
ment which will be thrown down throughout the life of the
plates.

3. Saufficient space over the plates so that evaporation will not
have to be replaced too often.

4. Jars which are enclosed, or covered in order to reduce the
evaporation and keep out dirt.

Too many attempts have been made to estimate the proper
size of battery entirely on the basis of the apparent requirements.
This practice has resulted in furnishing too little capacity and,
as already explained, this has been one of the most serious mis-
takes. It is not simply a case of the average requirements,
but the maximum requirements which must be met, and the biggest
part of the problem is the excess capacity which must be provided
to take care of the irregular conditions of operation, provide for
future growth and insure a satisfactory life. In other words, it
is useless to figure too closely on the load requirements where the
factor of safety is the most important part of the problem. Actual
experience is probably the best guide in this case, and indicates
that for 30-volt plants nothing less than 80 ampere-hour batteries
should be furnished, and in most cases they should be considerably
larger.

It must not be overlooked that investment in battery capacity
is not thrown away, even if not needed at the time, as the battery
will give a correspondingly longer life. Furnishing a large
enough battery has probably more to do with the success of a plant
than anv other factor, so that this fact cannot be too strongly em
phasized. :

DISCUSSION

Mr. Dickinson: Mr. Beck, what is this threaded rubber in-
stallation?
Mr. Beck: It is an attempt to artificially produce a substitute
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for wood. It naturally wouldn’t have the chemical advantages of
the wood, but if it can be made practical it will have mechanical
advantages over the wood.

Question: What is the relative length of the normal life of
the positive and negative plates?

Mr. Beck: In our large batteries where we have to figure very
closely, the negatives will last two or three sets, positives. 1
have a number of batteries right here in the city which are now
on their third set of positives, whereas if you figure closely on the
negative and do not allow excess, they have to be renewed in many
cases with the positive.

Question: In the regulation of the voltage, do you recommend
counter cells?

Mr. Beck: It is the most practical method we know of, and
there is a development right now which will vastly improve their
regulation.

Question: Speaking of the characteristics of the wood scpara-
tor, doesn’t the wood scparator tend to render them chemically
neutral ?

Mg. Beck: In some cases, yes. That characteristic has proved
immeasurably valuable in some cases. I can’t give you the physi-
cal facts. The negative plate with age springs and loses surface.
If with such a plate you install wood properly treated, it will tend
to create an expansive force which will expand that negative and
bring its capacity back. That is not theory, it is fact. We have
had large central stations down as low as 70 percent of the rating
that we have brought back to over 100 percent by this principle,

Question: You think, then, the combination of the wood and
perforated rubber plate is likely to prove preferable to the
threaded rubber?

Mr. Beck: It is a little hard for me to speak of the
threaded rubber. Where it is used, that characteristic is not of so
much importance, and the threaded rubber will have some advan-
tages when it is perfected but it is a very promising development.

Mr. Jones: To what extent is the loss of water due to evapo-
ration?

Mr. Beck: That is something that depends on the type of
installation. We made some elaborate cxperiments on a large
battery here in town, and step by step we cut the evaporation down
in half simply by shielding the cell. Now that would indicate
that the biggest part of that evaporation was due to surface evap-
oration and not gassing. On the other hand, if you have a battery
that is not operated directly it is subjected to a great deal of
overcharge, and the larger part of the evaporation would be due
to gassing. In car and train lighting cells, under the old method
of controlling the charge, which really was no control, they were
subjected to extreme overcharge. The result was they had to



20-k American Society of Agricultural Engineers

replace the evaporation in anywhere from two weeks to a month,
Using the same cells and a modern method of control—either the
ampere-hour meter or the constant potential—we cut down that
frequency to once in seven months. In that casc the loss of order
was due to charging. I don't think you can give a general answer
to that question.

Mr. Jonks: May I ask further if there is any particular reason
why in isolated lighting plants the battery should be in close prox-
imity to the generating seat? I have wondered if it wouldn't be
desirable to put the generating scat in such a place as a tool room
or shop, and put the battery in the basement of the residence where
it would have the more uniform temperature?

Mgr. Beck: I should think the regulation would be better the
nearer the battery is to the center of use.

Mg. Kiernortz:' 1 think the main reason is so there will be
very little drop between the plant and battery.

Mgr. Beck: Wouldn't you rather have the drop between your
battery and lights? -

Mr. KieLnorLrz: They usually put them right together.

Question: Is it advantageous to tic the bottom part of the
plates in automobile batteries where there is more or less vibration,
and wear the surface apart on the engine?

Mu. Beck: I don’t know whether I get your point—as to what
kind of service?

Question: In automobile batteries for starting and lighting.

Mr. Beck: I would say for any type of service where there is
motion—vibration—the more carefully the plates are anchored,
the better it is, other things being e¢qual. We have a case of that
right now. We have been developing batteries for tractor service,
and on account of the vibration in that service we have had to go
to extremes in the direction of anchoring thosc plates inside the
cell in order to avoid that moetion which will gradually work through
wood.

QuesTionN: You speak of the motion of the plates against one
another. I meant the motion in the other direction—right angles
to the plate.

Ma. Brek: I question whether there would be any in a normal
cell if it is assembled right. In regard to the wearing, in our
practice those cells fit pretty closely. I don’t think you would run
into much side motion, but you do sometimes run into vertical motion
which causes a wearing of the wood scparator. If there is any
method of anchoring it more perfectly, it would be a good thing.

Mg. Surevn:® I would like to ask Mr. Beck whether, in handling
farm lighting plants, he would recommend discharging the battery

1 Domestic Engineering Company, Dayton, Ohio.
2 Department of Agricultural Engineering, Towa State Collcge, Ames, Towa.
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to the normal discharge point before recharging, or if it would be
as well or better to discharge at more frequent intervals?

Mr. Beck: I will have to answer that with an “if.” 'That de-
pends on your method of control. It used to be considered that
the life of the pasted plate was the number of charges irrespective
of how complete the discharges had been. That was not strictly
true. The fact on which it was based was that those charges were
gassing charges, and it is the gassing which largely causes the
wear on d paste plate. Now with other methods of control which
we are using very extensively, we charge a battery as often as we
please, but we don’t gas it every time. That makes it possible to
charge it often without any injury at all from ecxtra number of
charges. In other words, it comes right back to what method of
charging is used. If one uses a method of cut-off which results in
gassing every charge, then follow the old practice.

Mg. Dickinson: Mr. Beck, did I understand vou to say that
with the heavy patent we could expect a 10-year life?

Mr. Beck: 1 divided the life into two kinds—time life and
working life—and I said it was very easy to make a plate with
a grid that would give a time life of 10 years. Actual working
life depends on the amount of work, and that is a question of
ampere hours. A simple illustration is these little thin plates that
are used in automobile starting service. Those plates have such a
light grid that even if they were not used at all they would fall
to picces in a few years, on account of being so light. On the
other hand, it is possible to make grids that can be used 10 years,
So, from the standpoint of time life, there is no handicap to the
paste plate.

Me. Dickinson: What do you think would be a fair assumption
as to life?

Mr. Beck: That is a good deal like asking the life of a picce
of string. We have our own figures which are based on the
amount of work the battery docs, or I can give you a pretty good
general average. Qur own figures are based on complete dis-
charges, which you must understand the average farm scldom gets,
50 these are not altogether definite. If the paste plate were given
a complete discharge each day, 365 days a vear, we would only
figure on between one and two years’ lifc. To increase that life
with that plate which has a longer time life, it would be nccessary
to put in a bigger cell. With paste plates onc can put in twice
15 big a cell as in the other plate. We figure on one discharge per
week with that cell at from 3 to 5 years’ life. :

Mr. Dickinson: A conservative figure would be six hundred
complete cycle.

Mr. Brck: Four to six hundred complete cyele in ampere
hours,
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replace the evaporation in anywhere from two weeks to a month.
Using the same cells and a modern method of control—either the
ampere-hour meter or the constant potential—we cut down that
frequency to once in seven months. In that case the loss of order
was due to charging. I don’t think you can give a general answer
to that question.

Mr. JonEs: May I ask further if there is any particular reason
why in isolated lighting plants the battery should be in close prox-
imity to the generating seat? I have wondered if it wouldn't be
desirable to put the generating seat in such a place as a tool room
or shop, and put the battery in the basement of the residence where
it would have the more uniform temperature?

Mr. Beck: I should think the regulation would be better the
nearer the battery is to the center of use.

Mrk. KieLnortz:! I think the main reason is so there will be
very little drop between the plant and battery.

Mr. Beck: Wouldn’t you rather have the drop between your
battery and lights? .

Mr. KieLnortz: They usually put them right together.

QuesTioN: Is it advantageous to tie the bottom part of the
plates in automobile batteries where there is more or less vibration,
and wear the surface apart on the engine?

Mg. Beck: I don’t know whether I get your point—as to what
kind of service?

QuestioN: In automobile batteries for starting and lighting.

Mg. Beck: I would say for any type of service where there is
motion—vibration—the more carefully the plates are anchored,
the better it is, other things being equal. We have a case of that
right now. We have been developing batteries for tractor service,
and on account of the vibration in that service we have had to go
to extremes in the direction of anchoring those plates inside the
cell in order to avoid that motion which will gradually work through
wood.

QuEesTioN: You speak of the motion of the plates against one
another. I meant the motion in the other direction—right angles
to the plate.

Mr. Beck: I question whether there would be any in a normal
cell if it is assembled right. In regard to the wearing, in our
practice those cells fit pretty closely. I don’t think you would run
into much side motion, but you do sometimes run into vertical motion
which causes a wearing of the wood separator. If there is any
method of anchoring it more perfectly, it would be a good thing.

Mg. Sueop:* I would like to ask Mr. Beck whether, in handling
farm lighting plants, he would recommend discharging the battery

1 Domestic Engincering Company, Dayton, Ohio.
2 Department of Agricultural Fngineering, Iowa State College, Ames, Iowa.
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to the normal discharge point before recharging, or if it would be
as well or better to discharge at more frequent intervals?

Mgr. Beck: I will have to answer that with an “if.” That de-
pends on your method of control. It used to be considered that
the life of the pasted plate was the number of charges irrespective
of how complete the discharges had been. That was not strictly
true. The fact on which it was based was that those charges were
gassing charges, and it is the gassing which largely causes the
wear on & paste plate. Now with other methods of control which
we are using very extensively, we charge a battery as often as we
please, but we don’t gas it every time. That makes it possible to
charge it often without any injury at all from extra number of
charges. In other words, it comes right back to what method of
charging is used. If one uses a method of cut-off which results in
gassing every charge, then follow the old practice.

Mg. Dickinson: Mr. Beck, did I understand you to say that
with the heavy patent we could expect a 10-year life?

Mr. Beck: I divided the life into two kinds—time life and
working life—and I said it was very casy to make a plate with
a grid that would give a time lifc of 10 years. Actual working
life depends on the amount of work, and that is a question of
ampere hours. A simple illustration is these little thin plates that
are used in automobile starting service. Those plates have such a
light grid that even if they were not used at all they would fall
to pieces in a few years, on account of being so light. On the
other hand, it is possible to make grids that can be used 10 years.
So, from the standpoint of time life, there is no handicap to the
paste plate.

Mrg. Dickinson: What do you think would be a fair assumption
as .to life?

Mr. Beck: That is a good deal like asking the life of a picce
of string. We have our own figures which are based on the
amount of work the battery does, or I can give you a pretty good
general average. Our own figures are based on complete dis-
charges, which you must understand the average farm scldom gets,
so these are not altogether definite. If the paste plate were given
a complete discharge each day, 365 days a year, we would only
figure on between one and two years’ life. To increase that life
with that plate which has a longer time life, it would be necessary
to put in a bigger cell. With paste plates onc can put in twice
as big a cell as in the other plate. We figure on one discharge per
week with that cell at from 3 to 5 years’ life. :

Mr. Dickinson: A conservative figure would be six hundred
complete cycle. )

Mgr. Beck: Four to six hundred complete cycle in ampere
hours.
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Me. Dickinson: I have heard the statement made that you
might expect a thousand.

Mg. Beck: You might probably get a thousand but not if you
run them down to the limit. It is quite remarkable how uniformly
the cells come out in ampere-hour discharge life. :

Mg. Dickinson: Five hundred is an average?

MRr. Beck: Yes, complete discharges, equivalent ampere hours.

Mer. F. E. Hanp:! Are the gas cells practically universal in
farm lighting service, and is there any reason to think that the
rubber battery cell would not be practical ?

Mr. Beck: The rubber battery cell is perfectly practical.
The glass jar’s popularity started on account of the fact that it
could be assembled, charged and shipped ready for service. They
have practically taken the place of the rubber, because rubber is
more expensive and is no better. I think today you can practically
consider the glass jar as standard.

Mg. GiLBerT:*> Regarding a farm lighting system, I should
like to ask if it seriously shortens the life of the battery—for ex-
ample, in a sixteen-cell battery—if you disconnect three of the
cells and attach the ordinary storage battery to them, providing
the gravity of the lighting battery was down approximately where
the storage battery of the automobile was. Could you use it for
charging in that way?

Mr. Beck: You mean cutting out three of the regular cells
and putting the service with the remainder?

Mg. GiLBerT: How do you charge the three regular cells?

Mr. Beck: I wouldn’t say it would be very good for those
three cells. It has no effect on the rest of the battery.

Mg. Dickinson: I would like to ask one other question. Per-
haps Mr. Fowler would be the best man to answer it. What is
the attitude of the farmer when you try to sell him a large capacity
battery ?

MRr. Fowrer:® I would say that our sales at Rockford run
practically 95 percent of the large battery. So far as I am con-
cerned, I will not sell a small battery to the farmer where I know
he needs a large one. I would rather lose the sale than have the
trouble of satisfying him afterward.

MRr. Dickinson: Does it take much argument?

Mr. FowrLer: I say to him, “If you can afford to have the
lighting plant, you can afford to have the right one. A difference
of $70 in the price of the battery isn’t going to prevent him from
having the right plant. I never have any trouble at all. When
you get down to the point of the close, the matter is left absolutely
to the salesman. As a matter of fact, the salesman is the responsi-

1 Vulcan Plow Company.
2 Chief Engineer, Rock Island Plow Company, Rock Island, Ill.
2 Delco Light Company, Rockford, Ill.
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ble party. The farmer is at his mercy for the proper installation
of a farm lighting battety. The farmer doesn’t know how to put
those wires in right, or how to set up the battery. To answer
Mr. Dickinson’s question, I usually draw an analogy—show the
farmer that he can build a small fire in a large furnace, but he
can't build a large fire in a small furnace. We know absolutely
after the man has installed his plant he is going to have a washing
machine, water system, milking motor, utility motor or some other
thing, so it is only a question of saving yourself trouble in selling
the proper sized battery to begin with.

I think a proper sized battery for a farm home should be one
which would not have to be charged oftener than 5 days to a week.
In our experience we are getting the best results out of that kind
of installation.

It is also a matter of properly instructing the user on how to
use his plant so as to get the best use out of his battery. For
instance, in the use of the Delco system, where it is possible to take
your immediate load directly from the generator and store the
surplus in the batteries, we recommend that the charging be done
on Monday morning, at which time the motor on the washing
machine is running and the motor on the automatic electric pump
is in operation, so that the load for pumping and operating the
washing machine comes directly from the generator, and the sur-
plus which is made goes into the battery. Then we recommend
that the engine be stopped at the end of the operation and the
charge finished on Tuesday when the ironing is in process. We
find in the operation of the electric iron, that the iron is connected
about half the time during the ironing process; during the other
half, the full charge is going to the battery. Therefore, by taking
into consideration efficiency we get 15 percent more out of our
kerosene by taking our big loads direct from the generator and
save the operating of the battery on our heavy power loads. We
have such a case as that where the large sized battery has been
in operation now going on the fourth year, and shows very little
signs of use,
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GOOD ENGINEERING NECESSARY TO SUCCESS OF
FARM LIGHTING

Evan J. Epwarps,! Member Amer. Soc. A. E.

The feasibility of extending the advantages of clectric service
beyond the reach of the central station lines has been recognized
for some ycars, ever since the tungsten filament lamp became a
commercial reality. Long before that time the small individual
plant was a possibility, but on account of the large quantity of
energy necessary to supply lighting at that time the cost of gen-
erating and storing was too high to allow of any considerable
development of the business. It is not the high efficiency lamp
alone, however, that has brought the modern electric lighting plant
to the farm. The attitude of mind of the farmer has considera-
bly changed during the past 10 years, and he has prospered in his
business and is able now to buy the things he wants. If any one
grov  of people has morc completely adopted the automobile than
any other, it is the farmer. This fact indicates that he no longer
avoids buying something uscful because of a fear of its complica-
tion ¢{ mechanism. The fact that he has been able to keep an
autop »bile running has naturally given him confidence in the
simplcr mechanism of the electric lighting plant and his ability to
operate it. The present importance of farm lighting, therefore,
is the result of engineering development and of changed conditions
which happen to be favorable.

Farming, particularly in the middle west, has come to be con-
sidered a business worthy of the best business methods and engi-
ncering, and expenditures for automobiles, farm lighting plants,
and the like are no longer looked upon as luxuries to be indulged
in only at the time of unusual prosperity. Such things are now
considered as legitimate investments in the business which will
render a proper return on the moncy invested and the cost of opera-
tion and maintenance. At the present time there are, no doubt,
something like 100,000 of these small lighting plants in use in
this country, and these plants, together with wiring and accessories,
represent an investment approaching $£100,000,000. If this field
can be judged by another—the automobile, which seems quite
parallel—there exists a potential market for around 3,000,000
plants, or an investment which runs into figures we scarcely even
heard of before the time of the great world conflict. I believe the
above figures are of interest in this introduction as establishing
the importance of good engineering in the design and the installa-
tion of the farm lighting plant.

In this ficld, as in all others, there have been differences of engi-

1 Flectrical Engincer, National Lamp Works of General Electric Co.
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neering opinion. Fortunately, the lack of uniformity in the funda-
mentals of design has not persisted, and already a fair degree of
standardization has been accomplished. It has become generally
recognized that it is impracticable to attempt to cover all the
power requirements as well as lighting, and the plants are designed
primarily for the lighting and the smaller power work. Good en-
gineering calls for a plant permanently installed in a fixed position
where no other work can interfere with its primary function of
supplying charging current for the batteries. It consists of an
internal combustion engine, dircct current generator, a storage
battery of 16 lead cells or 24 nickel iron cells, and suitable switch-
ing and control apparatus. In all its electrical essentials it is
similar to the electrical equipment of the automobile, but is not
hampered by limited space, and does not have to be made to with-
stand road shocks and dirt.

The average farm place needs around 15,000 candlepower hours
per month, or to speak in less well known, but more accurate terms,
150,000 lumen-hours per month. This quantity of light with
present day lamps can be produced with about 15 kilowatt hours
of electrical energy. A 30-volt 80-ampere hour battery is capable
of storing nearly 2} kilowatt hours, which, according to the above
figures, is a several days’ supply. Such a battery is not prohibi-
tively expensive to buy or overly burdensome to care for, and the
plant capacity necessary to properly charge it can be as little as
half a kilowatt.

It might have been concluded from the fact that all the clements
of the small electric plant, engines, generators, batteries, and
switching apparatus were already at hand at the time of the
appearance of the tungsten filament lamp, that this new field would
have developed immediately and spontaneously. There was, how-
ever, further development to be done on each of the component
parts, and many general and engineering features to be determined.
The size of units, voltage of operation, detailed method of control,
standards to follow in installation, and proper instructions as to
care and maintenance were all things which had to be determined,
and the progress of electric lighting for the farm has depended,
and will depend more than anything else on how well this engineer-
ing is done. Considerable credit is due the pioncer enterprises -
which solved many of the engineering questions, and risked much
in painstaking development.

One of the most important engineering points for decision was
the voltage. The standard 115 volts of the central station offered
many advantages, such as ease of transmission and the availability
of 115-volt lamps and other devices. It has the disadvantage of
high investment in storage batteries and tedious work in their
proper maintenance. These disadvantages were too formidable
to accept, and a compromise of 30 volts was reached. That it was
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a good compromise is evidenced by the fact that there are few
engineers now who claim that a lower or higher voltage would
have been better. Many individual cases, no doubt, seem to call
for lower or higher voltages, but with the present day recognition
of the value of exact standardization, the average must determine
the selection for the large production plant. A storage battery
of 16 lead cells gives an open circuit voltage of 82 volts through-
out its normal period of discharge. When delivering current at
values within its usual range of use the terminal voltage will range
between 30 and 32. In these installations it is entirely feasible
to hold the maximum drop in the wiring to-two volts. It will be
seen, therefore, that the switchboard voltage will range between
30 and 82, depending on the condition of charge of the battery and
the rate at which current is being drawn. The nominal voltage is,
therefore, usually given as 30, and the incandescent lamps are
rated 28-32, meaning that they are designed to operate on these
systems, which by their nature may be expected to supply voltage
varying within these limits. In this respect we have another sim-
ilarity to the case of the automobile, where the lamps are rated
6-8 volts for three lead cell generator systems. Standardization
of 30 volts for farm lighting has already resulted in availability
of standard product lamps in sizes ranging from 5 to 100 watts,
as well as practically all other household appliances, such as irons,
washing machines, and vacuum cleaners.

It must be admitted that the standards of voltage regulation are
"based entirely on the performance which can be obtained from
the lead battery. With the nickel-iron type of battery it is not
possible to meet this standard, at least not without using extra
cells and an automatic auxiliary regulating device of some kind.
It is sometimes claimed unnecessary to provide a plant on a farm
which will give a voltage regulation as close as holding between
28 and 32 volts. In this connection it may be interesting to note
the relation between candlepower and voltage as applied to the
Mazda lamp, shown in Fig. 1. The best regulation is none too
good, provided that it can be obtained without undue cost and the
limits given above represent at least the writer’s conclusion as to
the best compromise between the two opposing factors.

There are two phases of regulation which are sometimes con-
fused. One is holding the range of variation of voltage with load
and condition of charge to a proper value, and the other is providing
the proper average value to meet a uniform rating for all lamps
and other devices. In the first is involved the size and character-
istics of the battery and the size of wire to be used in the installa-
tion, and in the second the number of cells to be used. At first
15 cells of lead battery were used to supply 30-volt lamps and
apparatus, but was found to be unsatisfactory because nothing had
been allowed for internal drop in the battery and for drop in the
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wiring. While 16 cells has practically become standard, there is
now and again a manufacturer who resists the established standard
and insists on putting out 15-cell equipment.

The higher voltage of a battery under charge has been a ques-
tion taken perhaps too seriously by manufacturers, and many
undesirable methods of controlling the load voltage under charge
have appeared. The first method consisted of the use of counter
cells which opposed the generator voltage in the load circuit. Con-
sidering the small proportion of lamp use during time of charge,
the cost, trouble in the care of counter cells and the extra switch-
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ing required are certainly not justified in the average case, which is
the only one under discussion. Another method at present used
is the connecting of the load through a series field winding which
opposes the shunt winding on the generator. This scems like
poor engineering, for at light loads when voltage reduction is most
needed the method is least effective. The relay method of con-
necting the load across a reduced number of cells during charge
can be made to work effectively, but has the disadvantage that com-
plicated switching mechanism is required and that any considera-
ble use of lights during time of charge results in an unbalanced
charge condition of the batteries. Here is a case where no solu-
tion appears to be the solution for in the average case the load is
not on at all unless it is on in sufficient amount to, in itself, hold
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down the voltage by absorbing the capacity of the generator.
The most common case is in the use of a flat iron where it is always
best to run the engine if the use is to be continued for more than
a very short time.

There are many other features of design which should receive
attention from engineers who are in a position to exert an influ-
ence on the progress of the business. There seems to be an un-
necessary variation in mechanical design, in meter equipment, in
methods of control and in general form and appearance. Some
variation is, no doubt, necessary and desirable, but those who have
observed progress in other lines have noted an inevitable coming
together toward a standard not only in fundamental engineering,
but also in general appearance. At the present time no automo-
bile manufacturer would adopt a side chain drive or locate a gas
engine on the running gear even though he might have an individual
opinion favoring these things. Another example in point is the
familiar incandescent lamp which now has exactly the same kind
of a base and frequently exactly the same form and external ap-
pearance for all manufacturers where one time each manufacturer
considered it to his advantage to put on his own special base and
to depart as far as possible from the general form of lamp produced
by another manufacturer.

Not all engineers recognize the value of standard and uniform
methods of rating. A case in point which I consider very regret-
table is that of plant and battery rating by farm lighting plant
manufacturers. The actual number of ampere hours for a given
battery are less at higher rates and greater at lower rates and
differ somewhat at any given rate, depending on the intermittency
of the discharge. These are facts which affect the actual output
of the battery depending on the conditions of use. The battery
rating should be something for a standard condition of use, and the
manufacturer should not be compelled to choose his own basis of
rating each one bringing the standard to fit that condition which he
considers the nearest approach to the actual in his specialized case
and with the natural desire to have an advantageous rating as
compared with other manufacturers. Battery capacities can no
longer be recognized in the catalogue of the manufacturer. One
manufacturer may assume that a given capacity battery will deliver
95 ampere hours under the intermittent service and so rate it;
another manufacturer may have a different idea and rate it at 100
ampere-hours; still another may decide that merely in order to go
the others one better he will call it 110 ampere-hours. An ampere-
hour as a unit means little to the farmer except as he connects it
up with lamp and other load operation in his experience in using
the plant, and surely the measure which he learns by experience
should not depend on an individual manufacturer’s idea as to how
a battery should be rated. There was more excuse for the situa-
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tion which resulted in a competition among arc lamp manufacturers
vears ago when they rated arc lamps up in the thousands of candle-
power, becausc they had ng means at hand for measurement, and
there were no standards committees of technical socicties to estab-
lish standard practice in methods and units of rating.

It is desirable to recognize from an engineering standpoint the

LENGTN OF SINVOLE WIRE=IrEET

Fig. 2. Chart for obtaining copper wire size (B & S
gauge) for 28-32 volt circuits, Wire length to be
used is twice the wiring distance between points

proper field for the farm lighting plant. Their plants are usually
referred to as lighting and power plants, and sometimes as power
and lighting plants. From the standpoint of good engineering
they are primarily lighting plants, because they can only be justi-
fied on that basis. It is not good engineering to handle the heavy
Power work of the farm by means of electric motors supplied by
generating equipment located on the premises. These plants are
most useful for lighting, but are incidentally and to good advan-
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tage used for small power work where. the consumption of any
single motor is a small fraction of output of this plant.

It is often claimed that the farm lighting plant can compete
with central station service. It seems clear that the small lighting
plant cannot be expected to compete in price with good central
station.service where the connections can be made without unusual
transmission costs, yet the small plant manufacturer often gives
the impression that his plant will supply lighting for less money
and in showing his figures he neglects to mention a few such items
as interest and depreciation and battery and lamp renewal costs.
It should, however, not be necessary to compare costs because un-
doubtedly the convenience of electric lighting is worth considera-
bly more than the central station has to get for it and it is entirely
proper that the user of the farm lighting plant should recognize
that because of his particular location it is necessary for him to pay
more per unit of output for a valuable service than somebody else
who is more favorably located. Where comparative costs are under
discussion all the items of cost should be included.

There should be a high standard of installation. Good engineer-
ing calls for a solid foundation for the machinery and that the
batteries be located in a clean place which can bs well lighted at
times of inspection.

Probably the most important feature of installation is the wiring.
Unless the wiring plans have received some engineering attention
there is very little chance of avoiding excessive voltage dréps in
some circuits. The usual wiring tables of current carrying
capacity are entirely insufficient for this work. A standard limit
for voltage drop should be recognized and the wiring should be
put in to meet that requirement. The wiring chart shown in Fig.
2 is an attempt to put in the most convenient form the voltage
drop limit requirement of proper wiring for 30-volt systems. This
chart is based on a drop of one volt for average load and the
assumption that the maximum circuit load is double the average.
In other words, the wire size chosen will give under the most un-
favorable circumstances a two-volt drop. This chart has been
placed in the hands of several thousand people who are connected
with the farm lighting business and has proven to be a considera-
ble help in insuring proper wiring. It will readily be seen that
for any load up to 1,000 watts and for any length of single wire
in the circuit up to 750 feet that the wire size can be read directly.
For larger loads and shorter distances or for greater distances and"
smaller loads the chart can still be used by first taking the product
of load and distance and then redividing it into two factors which
will bring both on the chart. An example in point would be that
of a barn 400 feet from the plant located in the basement of the
house, when the maximum expected load would be five 20-watt
lamps, 100 watts, allowing for vertical runs at the ends 1000 feet
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of wire would be required. The “watt feet” product is 100,000.
This can be reduced into the factors 100 and 200, which combina-
tion sccording to the chart, calls for No. 6 wire. The drop will
not be the maximum allowance of two volts, because it happens
that the intersection of abscissa and ordinate lines comes necar the
left border of the No. 6 area. This means that with No. 8 wire
the two volts limit would be only slightly exceeded and with No.
6 the next obtainable size the maximum load drop would be reduced
to about 1.5 volts.

A feature of installation of first importance is the application of
good illumination engineering to the location of the outlets and the
choice of fixturcs and glassware. It is a mistake to assume that
the farmer will be permanently satisfied with drop cords and key
sockets, even though at first he might seem to be. The cheap in-
stallation is not good engineering and it is not good business. The
farmer will have lasting satisfaction only in an installation fully up
to city standards. Unless he is given convenient switches and
extra baseboard outlets he cannot enjoy all the benefits which are
inherent in electric lighting, and it costs little more as a per-
tentage of the total to do the job right.

Fixtures and glassware are important considerations. The fix-
tures can be very simple and yet well suited to their work. There
should be glassware in the house fixtures and it should be such as
to accomplish the elimination of glare and the redistribution of
light. The farmer in his experience with coal oil lamps may not
recognize the undesirability of having bright sources in the ordi-
nary angles of vision. He may even be inclined to judge the value
of a light source by its brightness rather than by the resulting illum-
ination on the objects he desires to see. Nevertheless, if glare in the
installation is avoided by proper equipment, he will not be long in
tecognizing the effectiveness of his investment. In the outbuildings
of the farm bare lamps are not particularly objectionable, but cer-
tainly in the main rooms cf the house reflectors should be provided.

No argument is necessary to establish the necessity of applying
good engineering to the farm lighting business. The better the
engineering and the more effectively applied, the greater will be
the success of the manufacturers and the satisfaction of the user.
I suggest that this organization give consideration to the oppor-
tunity to render a most useful further service in hastening their
efforts toward standardization of this engineering practice and
assisting in its application in the field. The manufacturers’ part,
it seems to me, is to be willing to take common council with other
manufacturers, with technical societies such as this, and with the
engineers of allied interests, and then to seriously strive through
the medium of their instruction books and their men in the ficld to
keep the business going along in accordance with the best estab-
lished uniform engineering practice.
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WHAT CAN THE AGRICULTURAL ENGINEER DO
TOWARD THE REEDUCATION OF WOUNDED
SOLDIERS*

By J. B. Davipson,” Member Amer. Soc. A. E.

1. The great war has emphasized the usefulness of the trained
man and revealed his advantage over the untrained man. This is
sure to result, first: in an increased demand for training upon the
part of the returned soldier, and second: in a call for a revision of
courses and methods of training which will give results comparing
favorably with those obtained in the intensive war training courses.
The war has demonstrated the effectiveness of the thoroughly well
trained man. The West Pointer for instance, has been the back-
bone of our military effort. At the same time, the effectiveness of
having men specially trained for special tasks, like those trained
in the technical training detachments, has been fully demonstrated.
It is to be expected that the demand for training from returned
soldiers will likewise be along two general lines, namely, thorough
training for the profession, and short intensive training for special
tasks or vocations.

2. It is not known at the time of the preparation of this paper
how many of these returned soldiers will want an agricultural
education. There is a wide difference of opinion in regard to
what to expect. There are a number of educators who think that
there will be a large number of soldiers who will take this oppor-
tunity to heed “the call of the land.” They argue that there was
a large number of men in business and other industries who have
wanted to take up farming but could not arrange to make the
change. Now having been drawn into the army, away from their
former occupations, they are free to enter into an agricultural pur-
suit. In addition, the outdoor experience of the soldier will cause
him to hesitate to take up sedentary occupations again. There
are other educators who do not expect any unusual demands for
agricultural training, and such increase in agricultural students will
be only that due to the general increase in the total number of
students.

3. This paper has to do primarily with the training of wounded
soldiers. The United States Congress on June 27, 1918, voted a
very liberal policy toward the disabled soldiers and sailors. At
that time $2,000,000 was voted for the particular purpose of the
training or retraining of disabled soldiers and sailors, and the work
was put under the general direction of the Federal Board for Voca-
tional Education. The plans of this Board seem to contemplate

1 Paper read by C. K. Shedd.
2 Department of Agricultural Engincering, University of California.
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training in almost every conceivable line of work that any disabled
soldier may care to enter, and it is the policy of the Federal Board
to provide for the entire expense of travel, tuition, board, lodging
and all other necessary expenses of those taking the courses of
training.

4. A recent publication of the Federal Board of Vocational
Education (Monograph No. 4), published since the signing of the
armistice estimates the total number of wounded soldiers and sailors
at 100,000 men, of which four out of five, or 80,000, will be re-
turned to their former occupations with their wounds fully healed
or their disease fully cured. Of the remaining 20,000, one-half,
or 10,000, will be unable, because of a serious handicap which
injury or disease has brought to them, to follow any occupation
with any degree of success, and hence must be considered perma-
nent wards of the nation. The remaining 10,000 will not be able
to follow their old occupations and must be trained for a new one.
Some pre-vocational training is to be given the disabled soldiers
before they are discharged from the hospitals, but this training will
be under the direction of the War and Navy Departments.

5. It seems to be the policy of the Federal Board to utilize
existing educational institutions as far as possible, both public and
private. All manner of methods are to be used, inasmuch as the
plans contemplate training in all manner of trades and vocations.

6. The principal interest of the agricultural engineer will no
doubt be in the agricultural courses of training, where various agri-
cultural engineering subjects will make up a part of the course.
There are, however, several agricultural enginecering courses such
a3 gas engine, tractor and farm machinery courses which have been
given considerable prominence. The courses which have a con-
siderable amount of practice work connected with them scem to
be the best suited, as the wounded men are not able in the majority
of cases to concentrate on work requiring close mental application.

7. It will be of interest to determine what other countries are
doing along the line of agricultural engincering in the training of
wounded soldiers. The following is an extract from Bulletin 15,
gederal Board of Vocational Education, concerning conditions in

rance:

Farm mechanics, or the use and repair of tractors and other
agricultural machinery, is taught in a number of the schools,
and probably even greater emphasis will be laid on this work
in the future. In order to make up in part for the alarming
shortage of hands, the Government is putting forth every
effort to turn the French peasant from his old-fashioned
methods of farming and to induce him to use modern labor-
saving machinery. Large numbers of tractors are being im-
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ported from America, and every machine introduced makes
a demand for a man who can run and repair it.

The first course in farm mechanics was started by Dr.
Bourrillon at the National Institute at Saint-Maurice, when
that school was organized in April, 1915. It is now taught
in eight agricultural schools in the provinces, and in the
Maison du soldat du XIII Arrondissement in Paris. At
Saint-Maurice, the course is from five to six months long, and
gives to the pupils a thorough understanding of the gaso-
line and electric motors used in stationary and tractor engines
for farm use. It includes some turning, forge work, solder-
ing, etc., in order that men engaged to run such machines in
remote country districts shall be able to make all repairs and
even to replace parts when necessary. At the Maison du
soldat, the course lasts three months, at Ondes two months,
Inasmuch as the wages paid to skilled men are much higher
than those which ordinary farm laborers receive—equalling,
indeed, those in the city industries—there is no difficulty in
recruiting pupils for these courses.

8. Canadian schools have been called upon to train wounded
soldiers for some time. Professor A. R. Gregg, on November 14th
of this year, reported 300 returned soldicrs at the University of
Saskatchewan, of which 250 werc taking instruction in the De-
partment of Agricultural Engineering. In a prospectus, the fol-
lowing courses are described:

Farm Motors 4 months course
Motor Mechanics .o 6 months course
Farm Machinery ... 2 months course
Steam Engineering .. ..6 months course

Machine Shop Practice ... 12 months course

9. The time in the farm motor course is distributed as follows:
Farm Motors (18 weeks)

Mathematics 54 hours
Farm Machinery 54 hours
Flectricity and Ignition ... 108 hours
Gas Engines 108 hours
Practical work 315 hours

The practical work is described as follows:
PRACTICAL WORK (17} HOURS PER WEEK)

Practical work is performed every afternoon except Saturday
from 1:30 to 5:00 P. M. In addition to the laboratory and field
work already outlined, the student gets practical instruction
in valve grinding, babbitting, scraping of bearings, renewal of piston
rings, soldering, pipe fitting, gaskets and packing renewals, pumps
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(their care and operation), adjustment of gears, gear ratios, tractor
frames, steering gears, road wheels, differential gears, steering and
lining up, disking and other field work, belt work and belt horse
power trials,

10. Professor Gregg states that the students at Saskatchewan
have performed considerable practical work. For instance, “this
vear the returned soldiers plowed 519 acres, cut with a binder 180
acres, disked 157 acres, graded 20 miles of road and threshed 12,857
bushels of grain.” Professor Gregg further writes: “We have had
a number of cases of men who have lost an arm or a leg, one case
in particular being very successful. The left arm was amputated
+ inches from the shoulder. After completing his 4 months train-
ing with us he was given a tractor. On July 1st we put a speed-
ometer on the tractor and since that date it has gone over 800
miles. He made daily about 20 to 25 miles. He is away at the
present time getting his artificial arm but at the end of last weck
he told us that he had run 22 miles on 10 gallons of kerosene.”

1. Professor L. J. Smith reports that the Manitoba Agricultural
College receives the soldiers discharged from the military hospital
in Winnipeg and who elect to take the agricultural courses for their
re-educational work. ‘The Manitoba course is a 4-months’ course,
of which 2 months are devoted almost entirely to agricultural engi-
neering work. Professor Smith states, ‘“‘the reason for such a
large proportion of time is that it was thought that many men who
are partially disabled could, by means of learning to operate
tractors and farm machinery, be better equipped to go back to the
farm or take up farming as their new vocation.”

12. Professor Smith makes the following comment on the work:
“We find our work with returned soldiers very interesting, but in
many ways, rather difficult. In the first place, those admitted have
no uniform standard of previous education. This makes our lec
ture work rather difficult to handle. Then, too, the fact that they
are more or less disabled makes attendance rather uncertain. We
foand it necessary to have more instructors for returned soldicrs
than for our regular work.”

13. It appears that the responsibility of the agricultural
engineer in connection with the education of the wounded soldier
consists in providing short courses independent of or perhaps more
generally in conjunction with other branches of instruction. These
courses will be planned to train the soldier to take up some special
branch of agricultural work, and no doubt practice with agricul-
tural machinery and equipment will make up the most important.
For those returned soldiers who want a long course, no particular
change in method or term is required or desired.

-
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Reports of Committees
REPORT OF THE COMMITTEE ON FARM BUILDING
EQUIPMENT

M. A. R. KeLLey, Chairman, W. D. James, E. B. MarsH

Mgr. KeLLey: The work of the Farm Building Committee is
divided into three sections, consisting of a uniform standard manger
for dairy barns, a rating for litter carriers, and the use of water
bowls. The committee investigated the thirty-five barn equipments
catalogued very thoroughly, and also corresponded considerably
with the various companies.

In regard to the use of water bowls in dairy farms, we sent out
400 circular letters to farmers with a list of questions—about 19
questions. I won’t give them all because it is not necess