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of the internal combustion engine, and slong with this de-
velopment has come the automobile, the truck, and tractor.
Eessentially the automobile and the truck are for the pur-
carrying loads while the tractor's primary function
is to pull loads. In their component parte these three motor-

ized machines are quite similar, but in design they are

In the early history of the tractor it was generally
believed that ’El{’%t played an important part in securing
sufficient traction to pull loads and for that reason all of
he early gas tractors were larze and heavy machines. This

large size msde them clumey to handle and limited thelr use-

=5

ulness to a emall elzss of work, that of pulling large loads
at slow speed over a compsratively solid surface capable of
support ing their heavy weight. In this large type tractor

the lug equipment waz of minor importance, 38 it depended

lmost entirelv on weight and large sized wheele to furnish

m

, it was desired to use these largze

I

the traction. Oft time
trt‘.:\tcr: on ?;rou.nd' which becaus

looseness, would not provide either the necess3

ek

traction. As s conseguence this type of tractor was easi

mired. It is true that this condition is seldom met with in

he more arid

the large wheat fielde of the Northwest and ¢

It wa= evident, however, that the large

parte of the country.
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ue to variasion 1in molisture and size of farms. It was
anadlv enonatrsted that &8 1: : iwwieldly ac WE
eacily demonstrstied that a large unwieldly tractor waes notg
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were faced with the situvation of designing a tractor which

would have the maximum work performing ability ver pound of

(4]

tractor ight. Thue with weight of tractor limited to the
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18 necessary to resort
to other means of providing the necessary traction.

About 1219 the tractor manufacturers began to ex-
reriment with the lighter tractors with the result that in
ht weight tractors
came on the market. These tractors weighed from 4000 to
5000 1bs. and had 2 draw bar rating of from © to 12 H. P.
The primarvy use for which the=e tractors »ere intended was
rlowing, and they were succes=ful in that field. They were
light enough to be worked in the average midwest® field, and
small enough to be easily handled. Many models of large
tractors were still manufasctured, however, as there was am
extensive use for them in the larger fields of the North-
» and in foreign countries.

Fven with this development of a lighter tractor ihe

ii

use of these machines in the corn belt did not expand as an-

ticipated., In fact it was estimated in 1923 that on

e cic lebrask
cent of the farms of Towa, Illinois, Indisna, Obio, Nebraska

The total number of traciors

and Missouri were using tractors.
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in these states was 82,000 representing one third of all the

tractors in the United States. The other 94 per cent of the

farms were s8till using horses extensively.

e

It is evident from these figures for 1923 that the

poseibility of the tractor in the corn belt had hardly begun.

1

Tractor manufacturers began to investigate the reason for

this lack of demand in the corn belt and the reason became

The average corn belt farm is comparatively small end

it is not absolutely necessary on a small farm to do the work

o

faster than horses can do it. The farmer, therefore, could

o

not see the buying a tractor to do the plowing

D
)
o
Q
oa
L

ry O
when he had to keep enough horses to plant and cultivate
his corn and to do other work on the farm. He reasoned that

the investment in extra horses required for the plowing work
would be less than the investment in a tractor. Thus the
tractor msnufacturer was faced with the problem of deeigning
8 tractor that would do cultivating, discing, dragging and
other drawbar work in addition to plowing. |
The design of such a tractor might seem simple oOn '
first thought, but when consideration is given to all the
factors it is not so simple. In the first place the tractor
mist have considerable weight for stability. A two-bottom
plow requires aproximately 8 to © drawbar horsepower. A
three-bottom plow requiree 12 to 13 drawbar horse powex.

To be adaptable to cultivating, a tractor must be compara-

aoil. It must handle

tively light

, to avoid packing tne




gquickly and easily and have a short turning radius. In ad-
dition a tractor for cultivating work must have at least a
24-inch clearsnce over the corn rows.

As the old adage puts it, "Necessity is the mother of
invention"; so the need for this type of tractor has produced
it and today such tractors are available for the farmer.
While it 1= hardly to be expected that these tractors are
the acme of perfection, it seeme that the present all-pur-
pose tractor has met the c¢rying need of the corn belt far-
mer and hae glven him a single machine, weighing about 3000
ibs., which will do practically all the pulling work on the
arm, and in addition afford him a unit power plant for
threshing and similar work. With the situation which obtains
in the tractor industry today it is well to look forward to

the time when every midwest farmer will have an all-purpose

This discussion of tractor history has related
entirely to the four-wheeled rear drive machine; It 1#s well
to keep in mind, however, that the need for lighter tractors
developed two different types of machines, the four-wheel
drive, and the so called caterpillar or track-laying tyre.
The four-wheel drive machine, because of the extra mechanical
Parts and 4ifficult controlling features, has been practi-
cally eliminated from the tractor industry. The track-laying

type is being used extensively and has been a commercial

<

rpears to be more in

Success, tho its field of application =

1) e » : % B . : , o R ae i -
ind stry and road building then on the€ farm. It can defin

icable




to cultivation and for thst reason will not be considered
in this paper.
Importzngce of the Problem.

It is indeed unfortunate with thie rapid devel=-
opment of the tractor as a unit in the last few years, that
design of tractive members has not had the attention it mer-
ite. Experience of manufacturers has demonstrated that many
tractors as designed today are inefficient for farm use, ae
they are mechanically incapable of meeting the traction con-
ditions of agricultural soile. This is not & new problem
in tractor design but with the reduced weight of the present
day tractor it becomes more and more important.

¥ith the beginning of the trend for lighter tractors
in 1919 it became evident that traction members were of
ma jor importance, and that lug equipment was the vital point
of proper traction. Broadly stated the job facing the design-
er was to incre=se the work performing ability per pound
of tractor weight. Experience, however, seems to indicate that
too much attention has been paid to development of maximum
poseible engine power per unit displacement and other engine
and mechanica] developments. It is conceivable that 90 per cent
of the operstion of a tractor ie at 50 to 80 per cent of
maximum power and thst the increase in tractive efficiency

. oh s otor.
18 far more important, especially in the 1light weight tractor

It ie quite generally realized that there is some

loss of power in the tractive effort of s tractor wheel, but

1t is not fully appreciasted that only 50 to 80 per cent of

sheel is available in traotive

the power delivered to the
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into the wheele of the average tractor under average condi-

tione only 5 to & horasepower are available at the drawbar.

A further example of the importance of the tractive
shown by the fact that for a given
wveight of tr=ctor and neel equipment there is a definite

and no more, even tho the
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tractor motor may have twice the power required. To state
thie in another way, assume a certain tractor, with weight
and power of engine established. The problem then is to find

the wheel and equipment that will give maximum drawbar horse-

2011 conditions. It is obvious that there

-y

]

3
4

power under varving

i8 an unlimited source of information that gan be derived

(®)

from a scientific study of tractor wheel characteristics.

-y

Some work hass been done on this problem by the various

agricultural colleges and experiment stations, but ae yet,
the results have not been conclueive, nor have they been

cerried to the point, where basic lawe could be established.

It hae been comparstively simple to determine the

slippage of trsctor wheels in different soils and to es-

teblish & more or less havhazard relative efficiency of

different existing tvpes of wheel equipment in this respect

& J i

; = : " k= aailvy ahC ] h
under definite looasl conditions. It is easily shown, however,

that tractive efficiency of a tractor is influénced by & num-

ber of verisble factors. In addition it has been determined

b

id

that the principles of traction in soils

r61"'ted t(_\ thﬂ Q()i': Pro Frtiﬂ'{.‘_ E‘nw'} 1€
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importance of

it is of national

ves the agricultural engin-

a® the tractor manufacturers to

5 governing the traction of

to provide a universally aprli-

of efficient tractors with




F16.1 APPLICATION OF A FORCE ON A WHEE/
(CASE ONE)

F1G. 2 APPLICATION OF A FORCE ONA WHEEL

(CASE Two)
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S8lipping of a tractor wheel means loss of efficiency

as part of the power put into the wheel is used up in work
done on the soll. It 1s resdily shown that excess slippage
is a2 condition not desired in tractor operation; furthermore,
slippage is to a limited extent a measure of efficienoy. A
good share of the work done to date has been concerned with
elippage, probably because this element is more noticeable
externally and for that reason is very interesting in tractor
operation.

In thie discuseion slippage is considered as the rela-
tive motion between the surface of a wheel and the supporting
surface. Thue when a wheel is pulling a load there will be a

) at the same time

=

. forward motion of the wheel equal to (
the rotztive motion of the wheel on the circumference will be
-x diameter x revolutions. From these relations slippage in

linear unite is given by equation (1) below

7
am(a)(N) =D

@

(1\ Slirpaz

-
(in feet

There D =
d = Diameter of wheel (feet)

4
[ )

N = Revolutions of whe

It is usually more useful to have the slippage expressec in

I . 1 1 = pe & 2 - o
terms of percent which is given by equation (2)

(2) 4 o1ip = 2 (d) ¥ = D x 100
TraN e 2
When a wheel 1is propelled by =2 tangentisl force aes 8hOWI

F S

j T"4rr
Fig. (2) there will always be a certain amount of slipring
tho

H

inite amount of rolling resistance,

L 4

-
»

because there is a de

v

tractor

§i iiirae.
in the ideal case this is practically negligible. In
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be strictly correct, but are wsed in lieu of a definitely es-
tablished practice. Mr, E. 8. Patch in his paper "Methods of
Investigating S1i of Traction Theels on Trﬂctorq",(l)
provoses that slippage be determined from a theoretical whee)

circunference as determined by dividing the total number of
wheel revolutions counted when tractor wheel is run without
drawbar pull at a gertain speed over a measured course into
the length of the course. This method without question is the
most accurate, but it ies unwieldy in testing operations. It

if the comparative results are more accu-

Having established these factors involved in tractor
wheel operation it may be well to analyze their effect on
efficiency and operation of the wheel. That slip of the
tractor wheel is a loss, represented by work done on the
80i1 has been shown. It is obvious that rolling resistance
is a loss, Therefore, the input to wheel minus ¥rolling resis-
tance loss minus slippage loss equals the work that is avall-
able as outprut. To put thie in the form of an equatiom

~

ere
output
Input,

"ny

<
I
L, = Loss due to Rolling Resistance
L. = loss due to slippage.

From this equation it ie evident in order to imcresse

(1) Traneactions Am. Soc. Agr. Emgr. 1922 P 103-109.
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Bpé¢ traotors iz to certain extent a funetion of
the weight. That | iow moving tractors will involve great-
er weight, both for strength of parts and t0 obtain the neces~-
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Heizht of tractor hitoh hss been standardized in
iieslly 511 caees; so this variable is of minor impore
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testes with full eized wheels has concluded that;

11 iz a definite function of
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‘.,....._._._w.......m__‘_.‘..w.._...u._.___u_..
£
o
O
4
-
P
5




+ + - = d
: - ether the e JLskdn
: : ws wet or dry.
i L) r:n_' -+ £ ¢ ] ?

0 . L 4
| 3 ; ’ r available with s

. URGHI sOme @ tio lightly higher.
."Clezats incr the maximum dr r 7ull only inso=
r as the a0ll resists shearing; that is, the cleat
arries stion of the top soll and lea it
I ' $ £ a1 t & 3 -1 f +he nlant Py
- @ 5 - W aig = - w/ | " HY - ’ = » -
ri ta 1 »nted that thie wa ractically inde~
: S -s - 1 ,' & & 5 A’s 4 4 ” .:: L t* » v en ‘.L.' i o -
y 1 th rin trength of the aoll at the
iept f the cleat adge. In 80 Ot 8 % )¢
107 slent 3lled the gleat bLeée-

round that slest ineclin
o impy condition somevhat. In going
urhill the cleat enters the =0il almosst horrizont-
|
| ' r 113 and tending to 1ift the
! @ ht of the leay] the tanags
| 1 vertical ! ssuses less friction loas of
- ~ 2 . s - wrik o5 M1
- ower., An inolination of = out o egraet = uia




20

This arrangement tends to self cleaning to a cer-

tain extent. Setting the cleats at an angle of 30

cleaning effect by a sliprage action. The shearing
-]

strength of the soile tested appeared to vary from

ounde in loam or sod. No doubt tough sod or
gumbo ma&y prove even stronger than this.
"From these facte it becomes evident that wei-
ht is the only means of obtaining a tractive ef-
fort of 40 per cent of the weight of the machine
under bzd conditions in dry ground or sand, as

J

cleats will be of little use. Wheels 72 inchee wide

vrould give an added pull due to the use of cleats

of only 360 pounds for loose ground. Weight is

reliance for trac=-

(¢

therefore practically the sol
tion in sand or very dry loose ground., In sod or
damp ground 73-inch wheels would ordinarily give
4000 to 5000 pounds pull from the cleats alone,
and the 1ight machine with only sufficient weight

N4a "
to hold the cleats down would show good results.

2. "METHODS OF INVESTIGATING SLIPPAGE OF TRACTION

i

E WHFELS ON TRACTORS®

: aa
By E.S. Patech ARE

Mr. E. 8. Patch in his paper gives a COWp

metho method of ana-

d of studyinz the soil factor in which

{ ~ rpled ed:
lyeis of soils for following characteristice &re explain

(2) Specific gravity
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He also discusses the effect of speed on wheel slippage, and

method of measuring slip which is unique although cum-

i

gives
bersome to determine.

The theoretical wheel circumference was determined
by dividing the total number of wheel revolutions counted
when tractor wae run without load at a certain speed over a

measured course into the length of the course. Slippage for

L |
w

each test thereafter was calculated by using thie theoreti-

oal wvheel circumference.
3. "TRACTOR LUG STUDIES ON SANDY SOIL®
1936

laboratory with

- . +h
Mr. Randolph's etudy was made in &

@

8 miniature tractor wheel. Apparently he has determined some

accurate results for this small wheel. In his conclusions as®

5 > ¢ . wheel
given below he warns that these results are for @ emall whee

operating in sand., and are not applicable direetly to full

: h § hese tests
8ized tractor wheels. The comclusions set forth ia these t

&re as follows:
; s actor in
1. "Phe entire study shows that the greiiens Tagaer &

depends on

t B lug
the transmission of force from any &




¢f the arch
action of a s0il. The resistance to shear deter-
mines the tractive value of a soil., If the soil is
1fined by 2 rim (an arch action), the shear area
ls increased by bringing the line of shear nearer

parallel to the surface of the ground, the shesy
5 y ae | O

: a Of nnenn®i S LA € .
izle 01 unconfined soil being 48 dezrees., The 00N=

pressing action of the rim increases not only the arch

action, but the shear value per square inch,

2."The charscteristics of a tractor, discuesed in thie

.
4
e ]

article, taken in the order of their importance,
ith reference to their tractive value, are as fol-
lowa: (a2) The weight dietribution on the driving

heele; (b) the depth of luge; (e¢) the width of

A

lugs s0lid or broken (i.e., spade lugs); (d) the

-

angle of the luge across the rim,

"With a given width of rim, output will increase

heel

up to a2 maximum as the weight carried by the

is increased up to a certain point, in this cagse,

up to 155 pounds. ¥With further increase in welight,

the output will decrease.

"With a given weight to be carried by = wheel, out-

rut wil) incresse with the rim width vhere the vel-

g ¥ 3

ht is sufficient to force the lugs

" " i 5 n -
"Other factors remaining constant, output is in PI0

rortion to the depth of lug within the range of

Wik

lugs studied.




."Output varies but =1ightly with the width of 1lug.
7.*with different e0il conditions, different tyres of
ve advantages. In loose soils havin » 81ioht
arch action, a s011d angle iron lug is needed. .
hen there is apprecisble arch action, sharp spade

lugs have an dv ﬁt'«.'e as they have 1'3“3 rﬁ"i""}.lce

in entering and, due to this arch action in the soil,

D

are able to produce the same or greater outprut than

L

s0lid lug. The espacing of spade lugs is dependent on
the arch action of the soil, which in turn is governed
by the confining and compresaing action of the rim,
8."The angle of the luge across the rim has little
effect uron outnrut.
©."The highest force ratio (efficiency) is produced
with 2 weight carried by the wheel just sufficient
to force the lug into the soil.*
{.*TRACTOR LUG STUDIES OF SANDY SOIL®
11--Field studies.

In the Arril 1927 issue of Agricultural Engineering

¥r. Randolph publ ished the results of his field tesis. The

Primary object of these tests was to verify the laboratory

3 : s " : ; t
fl-r"\‘lnffg and determine their practical value. These tests

- 9

3 A a o sing &
"ere made with McCormick-Deering and Fordeon tractors USES

3 1w i » 4 a
General Motors Corp. dynamometer car. The foliowing 48
SUmrary of data obtained in these field tests.

1 ed were
1.he 1aboratory findings previously report

verified in the field.




g."0utrut varies but elightly with the width of lug,

7."With different soil conditions, different types of
lugs have advantages. In loose soils havin r 8lizht
) ofs tion, 201id angle iron lug is needed. i
VYhen there ies apprecisble arch action, sharp spade
lugs have an advantage as they have less resistance

in entering and, due to this arch action in the soil,

[v)
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iuce the same or greater output than
80lid lug. The spacing of spade lugs is dependent on
the arch action of the soil, which in turn ies governed
by the confining and compressing action of the rim,
8."The angle of the lugs scroes the rim has 1ittle
effect uron output.
9."The highest force ratio (efficiency) is produced
with 2 weight carried by the wheel just sufficient
to force the lug into the soil.*

"PRACTOR LUC STUDIES ON SANDY SOIL*

11--Field studies.

In the Arril 1927 issue of Agrioultural Engineering

¥r. Randolph publ ished the results of his field tests. The

xxxxx ADJ

Primery object of these tests was to verify the laboratory

findings and determine their practical value. These tests

» £ L 4 \nd 8 i8¢ ractors using a8
®Te made with McCormick-Deering and Fordson ¥ &

Geners The following 18 2

1 Motors Corp. dynamometer car.

Sumrary of deta obtained in these field tesis.

= . a Qrere
1.%The laborstory findinge previously report :

verified in the field.




he dutput-weight ratios were similar for the test
'heel in the laboratory and for tractors in the fiela,
(a) Weight per inch of rim width ie proportional
tec the diameter of the wheel.
(b) Decth of angle iugs 1s proportional to the
square of the wheels diameter.
3."Traction is influenced by the weight per inch of
rim width, depending upon the lugs and the rim tak-
ing full beneflit of the arch action of the soil.
4."Drawvbar pull, horeé:*ower, and rolling resietance
vary directly with the depth of lug.
5."The tractors tested were found to require a wider
rim or deeper lug than standard equipment to ob-
tain their rated power in loose sand.
6."Spade luge are superior to sngle luzs in loose

sand when the wheel 2arries = relatively high unit

lerende uron the arch
7."The Proper spacings of luges depends upon uhe ATCH

action value of the soil, the laws of which have

not as yet been determined.
8."The relation of traction between two wheels can
elatior

be expressed by the following formula, provided the

- b |
veight per inch of rim width and the depth of lugse
are in the ratios given

: R
. 12+ D3 2

in (2) avove: 0,20, = . -
LI 40 PR
in which 0 is output, D is wheel d

jameter, L i8
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ienth of lug, 2nd ¥ is weioh . z '
e S Sl S i® welght per inch of rim width,®

5."RELATION OF LUG EQUIPMENT TO TRACTION®
By R. V. Blasingame 1923

Thie paper ies a report on work done at the Pensylvania

State College. Various types of luge were used on an I.H.C.
tractor hauling various farm implements. The percent alip,
speed and drawbar horsepower were observed for varioue farm-
ing operation, This work indicated that on level ground with
clay loam sod, plowing required from 8 to © r?rt---'hr horsepower,
Other data are given for Discing Rolling and Plowing, on
other types of soil,

6."TRACTOR TRACTION"

By E. C. Ssuve- 1923

This paper gives the results of sorxe test= on an open
or latticed tractor wheel, This whéel was .fitted onto a Fordson
iractor and tests were run on level ground, pul ling a load of two

Plows., The percent slir o

4y

EgttiCQJ whge} was 13.54 and for reg-

War Fordeon wheel 21.7 Some other tests were made on grades, in

"hich the latticed wheel gave better results in every case than

S By~

Tégular wheel,
7."NEBRASKA TRACTOR TESTS.®

A study of the Nebraska Tractor Tests 18 of little

®lue, as far as wheel equipment is concerned, 88 they are run

°0 & einder track and it cannot be ssid that these results will

be duplicateq in the field. The Force ratio, that is, drawba?

Mll ¢o w s waristion fron 30

eight is interesting and shovs

all tractors

- - » .
"eTCeNt to 79 percent; it also shows that the X




B have a higher force ratio. A comparison of the angle lug and

#]

& spade lug equipment shows that the average slip of the angle to

be 12.3"% ae against 9.907 for the spade. This seems to favor
the spade lug, but it muet be remembered that this i= on =

cinder track.
&.*"TRACTOR WHEELS"
By A.V. Scarrstt 1520
A summary of this article gives some conditione under
vhich various luge, namely pyramid, spade and angle iron
cleats will operate effectively. Indications are that pyra=-
mid luge sre especiazlly effective in sod, spade lugs for plow-
ing, and sngle cleats where moil ie of light texture. The
author concludes that no one type of lug is suitable for all
¢onditions.
A review of the important litersture on this subject
would not be complete without the mention of the work by
A. P. Moyer, Minneapolis, Minn. Mr, Moyer in his two articles
"Tractor Weight and Drawbsr Pull, and "Rolling Reslstance of
Tractor Yheels® has given a most interesting mathematiocal
 8nalysis of these two subjects, but too comrlete to be given
in thig paper.
A bibliography giving other references that were in-

Veetigated is given on page (56) of this paper.




HISTORY OF DEVELOPMENT AT IOYA STATF COLLEGE

In line with the general interest in tractor develop-
ment, the Agricultural Engineering Department of Iowa State
Cellege became interested in the development of a device to
test tractor wheele, and thereby zttempt t0 establish a re-
lation between the various factors of traction, as applied to
trector wheels. Mr. Arthur L. Young in 1933 undertook the
ing such a machine as a thesis for the degree of
Master of Science.

It was deemed advisable after careful analyeis of
the subject to make a teeting machine that couvld be used in
the field under actual operating conditions. It was further
desired to have a machine that would measure by means of re-
cording devices, drawbar pull, input, output, and slippage,
from which efficiency might be calculated. The machine should
be capable of using varying weighte on the wheel and to be 80
congtructed that the wheels might be readily removed.

With the above conditions as & gt=rt Mr. Young under
the supervision of Prof. J. B. Davideon, in theory fulfil-
led these conditiona. It was found, however, that in opera=-
tion the reétha were not reliasble because of the friction and
lost motion in the apparstus iteelf.

In 1925 Messrs R. ¥. Baird and J. F. Gosse rebuilt the
machine preraratory to carrying on the ex eriments of Mr. A.

L. Young. Anti-friction bearings were put in the machine

test wheel. The frame work was gtrength-

)

for suprorting the

ened and 2 chain was substituted for the belt in the driving
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PPoint between frane and tractor. On the outer en

Bechanism. With t

hese changes practically all of the difficule
$ies encountered in the original machine were overcome.
Ae it 1is the intent of this paper to make s thorough

Bnalysi= of the work done at Iowa State Colleze a complete

Q

géescription of this machine and method of meking testas is

given below.

he general plan of the apparatus is shown on Page (29).

BIt consist= of a tractor test wheel supported in =2 frame as

ghown, This frame ies connected to a hitching point on the rear
pf a Heider tractor, thru an Iowa recording dynamometer. The
ghaft on which the drive wheel is mounted is connected to an

@xtension of the tractor frarme by means of flexible joint 1in the

fgenter of the large sprocket. In this manner the shaft, frame,

b

B8nd wheel are in reality separated from the driving mechanism,

B8 considerable movement is allowed by these parts with respect

80 the rest of the apparstus. The tubular frame on which the

@riving mechaniem is mounted is hinged at two points on the

tractor and is allowed to move in a vertical arc with pivots at

Bthe two connection points but is held rigid from lateral move=

 Bent, By the adortion of this method of drive no external forces

Bre sprlied to the wheel except the reaction at the hitching

of the frane

s wheel on & sector

b=

€8rrying the driving mechanism is mounted 2

. veer the test wheel
80d worm so that adjustment can be made T0 keer the test

in o horizontal rosgition.

ot
-

—

the test wheel servee

The frame surrounding

e dual pur-
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pose of providing a hitching point between the tractor and the
test wheel, and for suprorting the caet iron weights by which

the veight carried on the wheel is varied.

The teat wheel is driven by means of chains from a power

teke off on the trz=ctor. On the cross shaft of the tractor ies

pounted =2 three sneed automobile transmission. Power is taken

from the sprocket on the outer end of transmiesion snd is Srans-

mitted by means of a2 chain and two sets of sprocket wheels to

the shaft of the teet wheel. The speed of the test wheel 18

deterzined by the various sized sprockets used.

The test wheel is not connected direct to the shaft on
which it is mounted, but is driven by two arms as shown on page
(31). One of these srme ie fastened rigidly to the shaft and the
other ie connected to the test wheel by meana_of a casting
bolted to the wheel flanges. This whole mechanism ie mounted on
ball bearings and is held in position on the shaft by mezns of

collers, At the outer end of the driving arm which is connected

$0 the shaft is mounted a cylinder, the axis of which 18 per=

Pendiculsr to the shaft snd aproximately one foot from the s

Tie arm connected to the wheel is curved, and sllowed 1o enter

this cylinder and press on & piston in the cylinder. The cyl-

inder is £illed with oil, snd as the oil pressure builds up it

Causes the wheel to revolve with the shaft.

At the closed end of the cylinder s copper tube is con=-

Nected and extended alongside the arm to the shaft, thence
0 T f
8long the shaft in a keyway to & packing glapd in tBE OSUSEE
g = 4 8 Ler

the shaft o4 the end. The packing gland connecte with anotl
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the shaft and the bearings which hold the frame in place. Cor-
rection could be made for this, but the amount is so 1ittle
thet 1t i1s negligible.

-

The input to the wheel is measured by means of the oil
gylinder already desoribed and the pressure recorder on the
dynamormeter, The pressure recorder gonsists esasentially of a
steam engine indicator mounted on the top of the Iows dynanom=
eter, The pencil of the indicator is arrenged so that it msrke
the pressure on the same paper used for the dynamometer.

In addition to the force pencil and pressure pencil a
revolution counter is fitted on the indicator. This coneists of
8 electric magnet having a pencil arm which is in contact with
the paper st 211 timee. This megnet is connected in an openm
eircuit with ‘@;t* eries. The contact for cloeing circuit ies made
by & snall contact point mounted on the shaft, so that at each

fevolution the circuit 1= closed and the pencil moves to the

*ight about on

54

e-eigth inch, making an off set in the line,
Tids markr wsde by the magnet pencil 1s so arranged that it nmay

L

b¢ used ag a Zero line for the pressure indicator. It is, how-

®VeT, more accurste to obtain the zero mark of pressure indica-

for from the stationary zero line of the force pencil. In op=

eration this device gives a constant record of number of turns,

f Orewbar rull and input to vheel. The paper is moved under the

P¥Rcils by veing held in contact ®ith a cylinder which ie ro-

P teted oy o series of gears operated by a string passing around
. a a test 1s being

A

"y : 4 = . i . b 1
fulley. The end of this string is anchored when

*un ang ag the apparatus

{ a sl y
unwinds from a spool arcund the pulley
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Avg. Pressure ordinate = + - = = = - (p) inches
Avg. Force ordinate = = = - « - . . -(F) inches
No of revolutions = = = = = = = = - _(N)

From this data the following may be caleulated.
Distance traveled = (2.55)(d) = - - = = D Feet
Drawbar Pull = (F)(calibration factor) « - - F 1bs.
Cylinder Press = (P)(calibration factor) = P lbs.

Inrut 2 xJTx length of arm x number of Revolutions x cylindex
pressure

-2TLRE P
Outrut = (Drawbar Pull) (nistance)

=FD
Per cent of slip = (Cir. of wheel)(No of Rev)-Distance Traveled
(Cir. of wheel)(No of Rev)

This data may then be plotted as required. The curves
R ] 1 ‘ 44
drawn by Baird and Goss” were plotted with efficiency and

ordinates and percent slip as abecissa,.

C. Library.
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ARALYSIS OF RESULTS OBRTAINFD AT K

tically all of the results which have been obtained
;e College on the subject are the resultes of the
carried on by Messers R.W, Baird and J.F. Goss.
intent of their experiments was to study the ef-
whe

t Oon tb

1. To determine the effect of weight

4]
D

pull and efficiency, The results of these tests,

in the paper "A study of Tractor Theel Fquipment®,

consistant in every way and a summary of them is given

ey | ———

(1)"The efficiency of the wheel is low in all tests.

s T

T T T R AR TR

(4) That the most efficient wheel will give

Ae a further snalysis of the work acecomplished to

at in loose soils, due to hizh rolling
» o o

C
w
’_. .
=
bt
o
@
(V2]

esistance, and that efficiency is lower for higzher

of slip. With a given slip the efficiency 1s lower
th high wvalues of weight.

That drawbar pull increacses as glip increases,

up. to 497 (which wae highest value of slip used)
but that with sticky soil drawbar pull reduced

after reaching a maximum at 157 slip. This was

That angle luge and spade lugs on dry soil gave

practically the same drawbsr pull, but that epade

luge c¢leaned better and were more efficient in

high draw-

bar pull at low 4 of elip.*
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%o (52). Curves #1 to

gate, the writer has
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$8d by Baird and Gose in th

wheel Fquipme

Gurves #¢ to # 10

gata obtained by Baird =2nd

gréezsges 28 slinr
for the hesavier

to

oe

$he maximum pul

fhie efficie

point the

¥elghta,

ite maximum drswhar 11

wheel ',

Curve #6 showe the
& lirited extent
It should be noted .that wi
WE 8

¥hee)

the

<

paximam 111

then on the

bt

3 — e
1l decres=zed

pu
8Xpect that the

8lip if

Surves that with the

|~

16.87 moisture had a

m01=§ture ‘1\1':‘t uith "

plotted the cu

to #5 inclusive show
increases but
obtained is =
ncy
It is obvious then

at eay

moisture for a plain

e
th the

curve would return almost to zero p

oreate
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rves shown on pages (43)

S inclusive are typical curves as plot=-

eir Thesis "A Study of Tractor
are composite curves plotted from

Goesn

that drawbar pull in-

the rste of increase is greater
curves indicate that
t 257 slip, however, at

457 and 507 for all

o

88 between

8 tractor wheel which would reach

(=4

102 slip would be an ideal

effect of ground condition and teo
wvheel with no lugs.

weight of 660 1lbs. on the

reached at about 32¢ slip, and from

as s8lip ipcreased. Thus we would

pull at 1

£ 1"
IS e

carried that far. It is interesting to note on these

weight on the wheel the curves for

game W

v maximum oull than for 12.8%

tow percent of slip, that is, less than

S percent the 12.87 moisture wae greater.

Curve #7 shows

moi:ture on

very mark

plored ground ies ag unde

that




tion as too much moisture. The general trend of these tests

indicate that about 147 moisture i¢ the most efficient for
tractor operation.
Curve #8 shows the effect of plowing and disecing
$he ground ag=inst ground which has only been plowed. This cone-
dition 1s als=o shown by other curves plotted by Baird and Goes.
crurve #9 1s a comparative curve between spade lugs and
angle cleats. This curve indicates for the conditions shown that
there is very little difference; however, it most be kept in
mind that there were 16 angle lugs on this wheel that extended
diagonally across the face of the wheel representing a projected
area parz)lel to the axle of 499 squ%re inches, whereas the (18)

9in. X 4in, erade lugs presented a projected area of only 183

7 1]

8Quare inches. In other words if the spade lugs were to have
the same face area as the angle cleasts they would have to be

10.4 inches high, or else there should be, 42 lugs instead of

e el

16. In thie case the curves might be entirely different in com-

Parison. This point emphasises the necessity of msking compari-
80ns that are fair in all factors before arriving at conclusions.
Curve #10 is plotted from different values of weight om
¥heel with a constant slir of 10 percent using 16 spade lugs.
This showg very clearly that as weight on wheel decreased the
¥0lling resistance becomes jeae important as a factor in de-
termining drawbsr pull, that ie, st 700 pounds weight on wheel
ollins resistance absorbe 164 of the force delivered to the

- 2 £ . 1 et o U [ f
8round, whereas with 2470 pounds on wheel 22% 18 required Zor

f0lling re

]

istance.
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CONCLUSIONS

¥uch has been said, but 1little done in a scientific ine-
veatigstion of tractor wheel characteristics. Thet a great deal
js yet to be learned is obvious, but the trend is in the Tight
direction and real results may be expected. The solution of this
problem has been attacked in at least three ways by different
people. These three methods are (1) Operation of an actual trace
tor in the field (2) laboratory work (3) Operation of a single
wheel in the field. This latter method is the one adopted at
Iowa State College and is, in the writers opinion, the mo at
logical method of vrocedure. In the first rlace it gives
efficiency of the wheel itself and second the testing is done
under actual field conditions.

From the investigations of the writer it seecms guite
evident that with 211 things being equal the design of lugs

and the number to be used is the problem yet to be solved.

The writer makes the statement "Yet to Dbe solved®, simply on

the fact that there existe today such a wide divergence of

opinion as to proper lug design, that the truth of the state-

ment seems self-evident. There jg little airecment apong trac-

ains e rim
tor msnufacturers as to whether a 1ug running acroes the ri

e non-continuous type of lug. Tractor

of wheel is better than th

vpe. size or shape
manufacturers agree, however, #That no one type,

of tractor lug is adaptable %0 all soils®.

A genersl olsssiftcation of dng équizmess €% spylieg

g to indicate that:

to different types of soils seem




Sod or turf: the best lug is one that just pene-

tratee the surface without cutting entirely thru
the mass of roots.

Plowed ground dry on top, moist underneath: on
this so0il a long lug is required to penetrate to the
moist oround vhere shearing resistance will be greater.

Freshly plowed, dry ground: Little 1s to be gained
iere by an extra long lug, the number will be more of
a deciding factor. The continuous lug and noncontin=
uous lug seem tO work equally well.

loose dry Sand: In this condition the lug ie of
doubtful value. The best thing here is to increase
width of wheel, thereby, increasing the bearing area.

Plowed ground with erxcessive molsture: The cleaning
:ffect of the lugs is probably the most important
in this condition, with just sufficient number to
ive proper traction. Too msny lugs will prevent
r00d cleaning and will be & detriment.

From the analysis of this problem as given it appears

thet the outstanding criterion by which tractor luge should

be Jud'_-’;ed is tractive efficiency. ﬁy tractive efficiency is

meant the efficiency of the wheel %0 transmit the power de-

o = No ¥h e
livered to hub into power available at the drawbar. ¥hen on

. & sper
congiders the statement made 1n the introduction of this psp

o4 iative i
that only 50 to 80 per cent of the energy delivered to the
2 At h irawbarl
average tractor wheel is available as WOI% st a6 G

otive effioliendc) ies realized. It

the extreme importsnce of tra




is very likely true that there are times when efficiency muet

be sacrificed in order to get sufficient drawbar pull, but

0
ct
~
®

it 12 just a

without knowing tl

@

B

hat this sacrifice should not be

extent of the reduction.
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¢ of Traction
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£ o WAl LUrSheT 4 Vil 34 80URHION O tIrsctor

sheels it i well %0 anaiyze the conditions that exist in

t¢ractor oreration. In the firet place when & wheerl 1s rolled

) . 4 - 4 — . &~ s & men e sin =1 . v w i i s t = Aarand
of contact ¢ ed frictional reeslistance leh ia deprendent on,

the weight on the wheel and the surface being rolled over.
This frictiona) resistance exerted at point of contact tenda
to prevent the wheel fror slipping on the supporting sur-
face. If the wheel is propelled by a foroce acting On its

suprorting shaft parasllel to the surface and scting thru

i)

8 bearin to the ghe ft s showm in ?1;,(1) there is very

® Yy #1 1“-1:1»\{- Ay tung = \"(j.: lﬂ‘ e :'r roe bhe 8 je fz on t‘rr" L T
> 2 G - +}
urference of %} hiee P £t hosn in Fig. (2) the

. | §
tende ne O AT 4 1 %0 14 i ine the T¢ i+t OX%

the force (P,) acting thru the lever am (a). The force

o o 2 - - o - Peind i ;| . y ‘-,.«_J
t“hflﬂ_ to prevent elipping is the frictional resisisnce

'] i1 . b \ - o o | ‘..."‘ \1
acting on the surface of the wheel. Now then as the WASEJ

in Figure (1) movee forward it is acted on by & Foroe(F) or

rolling friction which tends to prevent forward movement of

# -

& W s oon-
the wheel. Rolling friction (or rolling resistsnce) gtbao

'”L,l!;’,l't a i?': Bvir ] i i t iOonNn B8 Qf‘.".f‘:' f'f)‘l‘"“e reagu i rﬁ’.f tﬁ

o hoo ot . e F = ex Ty 3 {

¥ieel over a surface. In the case 01 8 &

TO" L ': ':_’_-\“‘:',_\‘y‘ « sy :"74 :-‘g'\’: '.'".‘;r{" 3(' “,
: . ne begomes more pliabie

Very little; however, as the surface DECORSH more 4t

reziatance

olded to form) the rolling

of heing =01GeG




