
PRESENT AND FUTURE INSTRUMENTATION
 
FOR EVALUATION OF FARM EQUIPMENT
 

INTRODUCTION 

The engineers designing farm im­
pl em ents are str iving to improve th e 
performance a nd in cre ase the du ra­
bility of th eir machines and <I t th e 
same tim e have a unit th an can be 
produced and sold at an economical 
cost to both th e manufactu rer and 
user. Instruments can pl ay an im­
portant part in aid ing th e des igner 
dev elop d urab le high per for man ce 
machines. 

The nor mal design pract ice h as 
been to use some arbi trary load for 
computation s. This load is selec ted 
on the basis of a n average or pea k 
load ei ther expec ted or ob served. A 
maximu m permi ssible stress level is 
chosen for th e design load . This is 
a n easy task whe re a successf u l ma­
ch ine of sim ila r design an d fun cti on 
already ex ists. H owever, a real p ro b ­
lem fa ces the pro du ct engineer on 
new ma chines and on old mach in es 
with m aj or revisions. The conven­
tional a pproach would be to deter­
mine the struc tu ral requi rem ents by 
field durability tests. This type of test­
ing requires a grea t length of t ime and 
if th e first design is not sa tisfactory 
there is usu all y no tim e to test an 
alternate design before produ ct ion. 
With th e p resent rapid rate of in ­
troduction of new machines on the 
market th is procedure is too cost ly 
a nd tim e consum ing. T herefore, it 
becom es necessa ry to find new m eth­
ods for red uci ng the development 
time and also to imp ro ve th e perform­
ance of th e unit both fun ction ally 
and stru ctu rall y. Modern in stru ments 
are used to determine the servi ce loads 
in actu al field operation. With th e 
service load s kn own an ana lysis ca n 
be mad e to determi ne th e str uc tu ra l 
requirements. The results of th is an ­
a lysis in corpor at ed into th e design 
give a n expe rimen tal machine for 
durability tests which ha s a mu ch 
better ch ance of performing sa tis­
torily in th e fie ld than ma chines de ­
signed by forme r methods. 

The ins tru me n ts for collec t ing fiel d 
loads a re not a n end in th em sel ves 
and h ave sig n ificance onl y as a mea ns 
to coll ect da ta for use in ma king 
sound design dec isions. Therefore, the 
use of the da ta 'will be di scussed 
firs t. 
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The field data is usuall y desired for 
one or more of th e followin g purposes. 

1.	 To determine the stru ctu ral re­
quirem ents. 

2.	 To estab lish the efficien cy of the 
machi ne. 

3.	 To study the fun cti on al perform­
a nce . 

In order to acco mplish th ese pur­
poses th e follo wing quantities mus t 
be measured : 

Forces, T orques, Strains, Be nd ing 
Moments, Acce lera t ions, Displ ace­
ments, Tempera tures, Pressures, Velo­
ci ties. 

Ma ny tra nsd uce rs are avai lable 
com merc ially to make these measure­
ments. H owever, i t is often desirabl e 
for the test eng ineer to desi gn and 
build his own tra nsdu cers fo r spec ial 
purposes. 

For d ynam ic measurements in th e 
field th e dat a is usu all y reco rd ed on 
an oscill ograph cha r t. The da ta on 
the cha r ts mus t then be ta bul at ed in 
a suitabl e form for analysis so tha t 
a design dec ision can be mad e. 

The dat a are tabulated in one or 
more of th e fo llo wing form s: 

Ave rage, Ex tre me Peak , Average 
Peak , V<l lley. Ave rage Va lley, Peak 
Load Spec trum, Valley Lo ad Spec t­
rum, Peak-Vall ey Load Spe ctru m. 
Range Load Spectrum , Time a t each 
load level. 

The me thod of tabu lating th e da ta 
dep ends up on th e type of componen ts 
to be stu died a nd the a nalysis to be 
mad e. T abul at ing the loa d in forma­
tion consumes a tremendou s amo u n t 
of tim e. H owever, if the significa n t 
loads ar e to be obtained th e da ta 
must be properly tabulated. 

One of the d ifficul t a na lysis to pe r­
form for a ra ndom loading is th e 
structural du rability of th e machine. 
The uSI 1<l1 answers requi red fr om suc h 
an an al ysis fa ll into the followin g 
ca tegori es: 

A. A	 reali sti c design load and stress 
criteri on . 

B. A	 corre lation between the test 
sta nd loads and field service. 

C.	 The esti ma ted life of th e machi ne 
in field serv ice. 

Analysis to answer the above in ­
volve th e use of SoN Curves, a lte r­
nating-mean st ress diagrams for the 
material or component , th e p ro pe r 
serv ice load spec tr um and cum u la ti ve 
dam age ca lcula t ions. The method of 
a na lysis may be of interest but is 
beyond the scope of this di scussion . 
The adva n tages of such an approach 
to the design of load carrying mem­
bers are: 

I .	 It provides a much m ore durable 
machi ne th e first time off the 
drawing board . 

2.	 The wea k or over design ed areas 
can be fou nd and corrected qu ick­
lyon th e first experimen ta l m odels 
so th at dura bili ty tests can be 
performed on a machine 'whic h 
has exce llen t possibili ties of last ­
i ng for th e desired li fetime. 

3.	 T he proven machine can be re­
leased for produc tion in a sho rter 
t ime . Also th e limitati on s of th e 
man y com ponen ts will be kn own 
to such a degree that any cha nge s 
requi red bec ause of h orsep ower 
or weight inc rea ses will be know n 
wel l ahead of tim e. 

4.	 T hi s proced u re sho u ld eli m ina te 
most o f th e costly rework pro­
gra ms du e to major field ser vice 
Ia ilu res an d customer's compl aints. 

lNSTRU]\IENTATION 

Conoent ional Lnstvum ents 

A wide var ie ty of instrumen ts are 
ava ila ble for ma ki ng the field meas­
urements. The type of in strument to 
be used depends upon th e charac ter 
of the ph enomena to be measured, 
the condition s of the test, and th e use 
to be made of th e data. The conven­
tional in st ru me nt s can be class ifie d 
in to th e fo llo wing ca tegories: 

Fre q u Cl1 cy R esponse 

I.	 Stati c 

2.	 Low freq uen cy up to 100 cps 

:J.	 ]\Iedil1m freq uency up to 2000 cps 

4.	 Hi gh freq ue ncy up to 1,000 ,000 cps 
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T yp e of Instrum ents 

1.	 Strain indicators or Wheatstone 
bridge and galvanometer 

2.	 Ink, heat, or elec tr ic writing oscil­
lograph 

3.	 Photographic recording oscillo­
gra p hs 

4.	 Cathode-Ray Oscilloscopes 

Details of these instruments will not 
be di scussed since th ey have be en 
presented before. (1, 2, 3) 

T he instruments must be carried 
in the field by a su ita b le means when 
making measuremen ts under actual 
op eranng condi tions. This has been 
accomplished by several methods de­
pending upon the cond i tions that 
exis ted at th e time. T he following 
list gives som e of th e methods used 
to ca rry the equipment in th e field : 

I.	 On the tractor or ma chine being 
tested . 

2.	 On a trailer or ca rt a tt ached to 
th e test machine. 

3.	 On tr ailers pu lled alo ngs ide th e 
mach in e being tested . 

4.	 In tr ucks driven a lo ngsi de of the 
test machine. 

It is ad van tageous to have the in ­
st rumen ts mounted in a truck or 
tr a iler for instant m e in the field if 
tests a re to be conducted on lllany 
di fferent machines. Some time s it is 
necessar y to test a machine under 
conditi ons that do not permit th e 
use of a truck or trailer. Examples of 
thi s are combines oper a t ing on a steep 
hillside or in muddy r ice fields. In 
such cases it is advantageou s to mount 
th e in struments on th e machine under 
test. The instr ume n ts a re supp lied 
power ill the field eithe r from the 
tr acto r battery or a sepa ra te gasoline 
en gin e driven 110 v ac ge ne ra tor. 

Figure 1 shows a truck which is 
eq u ipped with direct wri tin g oscillo­
g ra p hs for measuring loads and 
str esses in the field. Space is a lso 
avail ab le lor installing a photographi c 

recorder or oscilloscopes if necessary. 
The truck has an a ir compressor an d 
othe r equipment for Stresscoat. One 
tru ck is equipped wi th a sandblas ter 
a nd large ai r com pressor for use in 
sa nd blasting paint from machines for 
Stress coa ting. Th is grea tly redu ces the 
tim e for prepara tion an d provides a 
go od surface For Stresscoa t, 

Figure 2 is a view inside the tru ck 
showing a port io n of the amplifiers, 
th e 6-channel oscilog ra ph and two 
integrators . Many tests a re conducted 
to stu dy th e op er ating characteristi cs 
of a machine. In such tests it is de-

Figure 2. Arno fifie rv, O scillograp hs and Int eg ra tor 
ill [nsf rumen t Truck. 

sira blc to obtain the average load. 
This can be don e by planimetering 
the ar ea under th e curve. However , 
thi s method is tim e consuming and 
ted ious so integrators are used to 
provide a me an s of ob ta in ing' th e 
average immed iat ely in th e field . 

The two typ es of integrators in use 
are : (I) the milli am per e second met er 
sho wn in Figure 2 a nd (2) electron ic 
integr ators using a na log compu tor 
amplifiers and cha rged conde nsers . 

root of th e sum of two squares, and 
for multiplying an d dividing the out­
put of two or more gauges toge the r 
to obtain th e ac tua l phenomenon of 
interest. The de sired output of the 
com pu to r is r ecorded on th e oscill o­
gr ap h alongsid e the measurements 
from the separate strain gauge bridges. 

Strain Peak Cou nter 

The afor e-men tioned instruments 
are in exten sive use for m easuring 
service load s on farm machines. One 
of the major diffi culties is in m ak in g 
usc of th e data fr om such recordings. 
A quick analysis can be made using 
the average and peak values meas­
ured. However , these two ea sil y ob­
ta ined valu es are not always sufficient 
for a detailed ana lysis to det ermine 
the exa ct requir em ents of a parti cular 
comp onen t. A rigorous analysis re ­
quires the ma gnitude and number of 
repititions of the damaging stress 
cycles. Recording these from oscillo­
gra ph ch arts tak es a tr em endous 
amou n t of time when the load flu c­
tu ates rapidly. A new in strument, 
ca lle d a St rain Peak Counter, was 
de veloped to redu ce the arnoun t of 
time required to tabulate the data . 

Features of th e St rain Peak Count er 

The Strain Peak Counter was de­
signe d with th e following features 
to make it easy to use in the field: 

1.	 It uses ab ou t 120 watts from a 
12 volt battery. 

2.	 It is contained in a reasonably 
sized package for ease in mounting 
on the ma chine under test. 

3.	 The data is di splayed on 12 cou n t­
ers for easy tabu la tion. 

4.	 The loads are divided into 12 
levels, 8 p ositive and 4 negative. 

5.	 The instrument con tains a bridge 
ba lance, cal ib rat ion cir cuits a nd 
a mp lifier. 

G. The outpu t of the amplifier may 
be fed to a n oscillograph Ear ob ­
taining a typical record. 

r:iQuro 3. Anelco C o mp ut er in Instru me nt Tru ck. 

The analog com pu tor is shown 
mo unted in the truck in F igure 3. 
This com pu tor is used for integra tion, 

Fig :.Jre I . Instrumeni Truck for collecting fie ld load 
do ta .	 find ing- resultant forces by the sq na re Fig ure 4. St rein Peak C ou nte r mo unted on tr ec to r. 
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Figure 4 shows the St rain Pe ak 
Counter mounted on the front of a 
tractor for usc in measuring th e load s 
on th e wagon pulled by the tracto r. 
A sing le cha nne l recorder was mount­
ed on th e fender of the tractor for 
use in obtaining an oscillograph rec­
ord of th e stra in analyzed by the 
Strain Pe ak Counter. The recorder 
was powered from th e 12 volt ba tt ery 
through an in ver te r mounted on the 
side of the tr actor. 

Fun ct ions Perform ed 

The Strain Peak Counter can an ­
alyze the data in th e time, count an d 
range modes provided. If the data 
must be an al yzed in two or more 
modes it is necessar y to duplicate th e 
test. The mod e selec ted is gove rned 
by the use to be made of th e data 
a nd th e factors most influential in 
fa tigue dam age to th e part under 
consider a tion . 

Time M ode. 1n the time mode a 
count is regi stered , on the appropriate 
counter ever y 1/1000 of a second the 
strain or load re ma ins in a load level. 
This is illustrat ed o n Figure 5 where 
it is shown that 8 cou n ts are recorded 
on cou n ter + 3 during in terva l A, 
a n d 9 cou nts are recorded on cou n ter 
+ 4 during in ter va l B. 
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FIG 5 TIM E MOCE 

The data from thi s mode of opera ­
tion is useful for gea r design . The 
normal method of det ermining th e 
loa ds on gears is to measure th e torque 
on th e shaf t. The load flu ctuations on 
the shaft do not tell th e true fa tigu e 
loading on th e gea r t e et~ sin ce th e 
teeth rece ive a 0 to maximum lo ad 
cycle every tim e they co?tact th e 
mating gear. Therefor e, the Impor.tant 
information is the number of times 
the teeth receive a load of each m ag­
nitude. If th e sha ft is r u nning at a 
uniform spee d, the tim e a t each l.oad 
level ca n be conver ted to revolutions 
of the sha ft or th e number of times 
eac h tooth recei ves load s of various 
magnitudes. The cou n te r is equipped 
to accept signals up to 2000 cp~ to 
indicate counts in terms of revolutions 
of the shaft wh en th e sha ft fluctuates 
a t operating speed. 

FIG 6 COUNT MODE 

Co unt M ode. The cou nt mod e is 
fo r coun ting the peak s t1~at occ u r 
in the 8 positive a nd 4 negative leve!s. 
F igure 6 illust rat es th e cou.nts regis­
ter ed in this mod e of ope ra tio n. Only 
the extreme excu rsio ns are counted 
and not one cou nt for each level 
crossed . A hysteresis adjustmen t is 
provided for controll ing the amount 
of fluctuation that must precede and 
foll ow a cou nt. For a hysteresis set ­
t ing o f I th e signa l must cross o ne 
level on th e way up before a peak and 
one level on th e way down after a 
peak for a count to be registered. 
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'Whe n the hysteresis is set a t 2 th e 
signal mu st cross two level s o n th e 
way up before th e peak a nd a lso 
cross two levels o n th e way do wn 
afte r the peak to regis ter a co~nt. 

The hysteresis of 3 a nd 4 works 10. a 
simila r manner. Each level has Its 
own hysteresis control so th e hysteresis 
ca n be different for each level. The 
table a t the right of figure 6 illus­
trates wh at is counted with the hy­
steres is set at I, 2, 3 and 4. 

The data from th is mode of opera­
tion is useful for fat igu e stud ies where 
th e fa t igue life depends upon the 
magn itu de of the pe ak stress as well 
as th e range of stress. 

T he Range Mode. The fatigu e life 
of man y compon ents depends to a 
large ex te n t upon th e range o f stress 
between a peak a nd va lley with o nly 
a sma ll effe ct from the mean stress . 
Fo r th is applicat ion th e SPC is 
eq ui ppe d to record th e number of 
levels passed through from a peak 
to a valley. Figure 7 sho ws how the 
data is counted in th is mode of 
opera ti on. 
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Ta pe R ecord er 

T he Strain Peak Counter ca n an­
alyze only one cha n ne l of in forma­
tion a t a time and in on ly one mode. 
Therefore, thought has been given to 
th e use of multichannel tape record­
ers for recording the d ata in the 
field . The tapes would then be pl ayed 
back in th e lab a nd a n lyze d throu gh 
th e st ra in peak cou n ter, o the r spec ia l­
ized data a na lyzing eq uipme n t, or 
d igital com p u tors. This .m et~ od of 
recording is used in aircra ft and 
mi ssil e tests and provides some ad­
va n tages that make it desirable for 
testing far m equipment. 

Fizu re 8 shows a lape recorde r and 
th e ~ssocia te d electronics that cou ld 
be used for record ing data on th e 
field. The package is sma ll eno ug h 
to moun t conve ni en tly on most tr ac­
tor s and im plemen ts. 1t ca n be pow ­
ere d direct ly from the batteri es on 
th e tractor. This particular unit will 
record 7 cha n nels of information and 
can be used for 14 channels with a 
sm all add itional electronic package. 

Fig ur. a. Portab le Field Tope Reco rder . 

Alo ng wit h th e field tape recorder 
a lab oratory p lay ba ck unit is need ed . 
If th e da ta are to be processed by a 
com putor some additi0l1:al.equ i pm e~t 
is necessary to convert It into a su it ­
able form that can be handled by the 
com putor. Three tape recorders. have 
been trie d on farm Implements 10 the 
field with encourag ing results. Th is 
a pproach a p pea rs to be ~h e method 
for a com ple te ly a u toma tic data pro­
cessing syste m. 

SU M MAR Y 

The produc t engineers designing 
and developing farm machines have 
been faced with designing for field 
loads whi ch were hard to eva lua te. 
Instru ments ha ve been a vailab le for 
me asuri ng th ese load s under ac tua l 
ope ra ting cond itio ns. H owever, a 
tr em endou s amo u nt of time -vas 
need ed to tabulate the data recorde d 
by th e conventional instruments. New 
instruments are on the m arket in 
the form of St ra in Peak Counters, th at 
will perform th is tedious task in th e 

C ontinued on page 29 



Different operating conditi ons place 
different demands on combines and 
thus a machine that is flexible to 
meet varying conditions and ope ra te 
as efficiently as possible is desired. 
Labor and fuel costs, th e value of the 
grain being harvested and weather 
conditions influence the selec tion of 
the rate of work on a combine. A com­
bination of low labor cost s, high crop 
price and lack of risk of unfavour­
able weather will usually result in 
operation at a capacity giving highest 
efficiency. A low price for a crop 
or the risk of unfavourable weather 
will usually result in operation a t a 
higher capacity with a sligh t reduc­
tion in efficiency. 

The above remarks illustrat e some 
of the factors which affec t th e very 
complex question of combine capa ­
city and efficiency and why it is neces­
sary to consider all th ese factors 
when rating a machine for compar a­
tive purposes. In the final ana lysis 
however, it is the responsibility of 
the user to obtain maximum output 
at minimum cost under the condition s 
encountered. 

Co nt inued from page 19 

equations. Solutions to problem s of 
system stability and critical damping 
appear in the values for system co­
efficie nts. 

Figure 5. 

It should be mentioned th at as th e 
same general diferential equ ations ap­
pear in many other engineering areas, 
including electrical circuits con tain­
ing inductance, capacity and resist­
ance, that a great deal of useful simu­
lation of control circuitry ca n be car­
r ied out by means of an an alo g COI11­

puter. Th is important tool with its 
natural ability to directly simulate 
ph ysical phenomen a is ofte n ove r­
looked in favor of d igital com pu ters. 
Digital machin es ha ve caug ht th e 
publ ic fancy, but arc only cap able 
of handling differential problems that 
lend themselves to numerical ap prox i­
mations. Analog machines on th e 
other hand can even include human 
elemen ts in system simulation. 

A second characteristic of such a 
system as that illustrated in figure 3, 
is the decision to be made by the 
system as to whether or not an error 
signal is a true indication of an error 
or whether it is a random impulse or 
" noise" . This aspect of control in­
volv es the theory of statistical quality 
con tro l and communications theory, 
both of which generally fall outside 
of standard undergraduate curricula. 

These a re briefly, the technical 
area s in which solutions to problems 
of farmstead mechanization and con­
trol circui tr y wherever found, are to 
be located. Much of this is unfamiliar 
gro u nd to Agricultural Engineers. 
Nevertheless if Agricultural Engin­
eers ar e to make a high level contri ­
bu t ion to advanced mechanization 
then some understanding of these 
fields is necessary. It is hoped that 
edu cators will keep these needs in 
mind, particularly in developing 
gr aduate programs of study and re­
search, and that all keep in mind 
th a t techn ical libraries contain all of 
th e technical material that has been 
referred to. The responsibility to 
make use of this information rests 
with individual Agricultural Engin­
eers. 
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field as the test is conducted. Multi ­
channel tape recorders and digital 
computors can be used for an auto­
matic data processing s y s t e m. 
Through proper ana lysis of data col­
lected in this manner eng ineers can 
design and develop new machines 
of proper durability and performance 
in a mu ch shorter period of time. 
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