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The word "testing" is sometimes
expressed in a manner suggesting a
field of work which is beneath the

dignity of professional men. On the
other hand, scientific research very
often consists of a number of compara
tive tests from which the truth can

be decided; this is particularly true
in engineering and in agriculture.
The performance testing of agricul
tural machinery is thus the method
of research by means of which it is
possible to determine the most valu
able designs for the mechanization of
farm work; and, without any change
of subject matter, the title of this
paper could equally well be "An
Assessment of the need for research

into the performance of agricultural
equipment."

Probably some confusion is due to
the fact that the single word "test
ing" may also be used to refer to en
durance testing or acceptance testing.
Endurance testing is properly the
function of the manufacturer, who is,
after all, seriously interested in the
saleability of his product. Acceptance
testing is a function of the purchaser
and is, of course, normal practice in
the case of major engineering instal
lations such as steam generators or
ship propulsion units. It is proposed
to first discuss endurance testing and
acceptance testing of agricultural
equipment, since by this means many
salient points can be brought for
ward.

ENDURANCE TESTING

Endurance testing is, in fact, car
ried out at a number of government
establishments, such as the Swedich
Agricultural Machinery Testing In
stitute at Uppsala (established in
1897) and the Netherlands Institute
at Wageningen. The origins of the
University of Nebraska's testing work
were largely from the point of view
of durability and this applies also in
the case of the Saskatchewan scheme.
However, a clear distinction between
performance testing and endurance
testing is not always possible, except
in that an endurance test does not in
clude measurements of performance.
A performance test, on the other hand,
must also constitute some test of dura

bility since the machine is being oper
ated; and if a continuous rating for
an engine or tractor is determined, as
in the Nebraska, British Standard,
and Australian tests, then the unit
could certainly be considered to have
undergone a short endurance test at
the same time. There is also another

important aspect of performance,
namely, the rate of deterioration with
hours of work, particularly in the
case of power uits. Any investigation
of this point in connection with ag
ricultural equipment, or of the influ
ence of inadequate maintenance, for
instance, is a worthwhile rsearch pro
ject; but whether such a long-term
trial is performance testing or endur
ance testing is sometimes a moot
point. The N.I.A.E. (National In
stitute of Agricultural Engineering) in
England have for some years extended
their tractor testing to include a 12-
month "farm trial" in which perfor
mance measurements are taken at

regular intervals; the Swedish Insti
tute, on the other hand, arranges
operation on farms by farmers for
the same length of time but particul
arly to investigate durability.

Farm operators have periodically
clamoured for endurange tests by
governments or universities ever since
the beginning of farm mechanization.
There may have been valid reasons
for this in the early days, but it is
difficult to show that there are in
present circumstances. Although it is
admissable that agricultural equip
ment has to work under arduous con
ditions, these are certainly no more
severe than in the construction in
dustry, for example. Could it be that
many of the difficulties of agricultural
operation are due to improper opera
tion, maintenance and storage?

The established manufacturers are
aware of the conditions under which
their equipment may be used and
are also vitally concerned about the
reputation of their products: this is
a major factor at the design stage
and is checked by very extensive test
ing of sub-assemblies and complete
machines. The purchaser of a mach
ine has an implied guarantee as to
its quality in the manufacturer's
name, interests and after-sales service:
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and this guarantee is often in writing
as well. Furthermore, the market is
highly competitive. In the case of a
new or small manufacturer, it is true
that the above guarantees of quality
may not exist, but it is nevertheless
difficult to show that the agricultural
industry requires a special service in
the form of independent endurance
testing of the equipment which it
uses. The sound sense of the purchas
er and the reputation of the manu
facturer should be relied upon. Never
theless, some research at the present
time concerning total machinery op
erating costs, including repairs, might
induce manufacturers to reduce pos
sible failures to a few accessible com

ponents, i.e. to deliberately provide
vulnerable "safety-valves." It may also
induce farmers to pay a higher price
for a better machine and then main
tain it with care.

Acceptance Testing

The same contrary argument as to
manufacturer's reputation and purch
aser's business acumen can be applied
in the case of acceptance testing. A
single farmer could not carry out an
acceptance test on each purchase, but
a co-operative of farmers might per
haps be able to finance the necessary
organization to carry out arbitrary
trials or tests of each machine and
grant a sort of "seal of approval". The
work involved would, however, be
tremendous if the information obtain
ed were to be of any consequence,
and the results would not be likely to
justify the effort. Many farmers do
not appear to have considered to what
degree unsatisfactory operation is
actually due to the wrong choice of
machine or wrong use of a machine
or wrong setting of a machine. Any
"seal of approval" does not prevent
this happening to perfectly sound de
signs; and any machine can be bro
ken.

Criticisms that the reports are too
academic and incomprehensible to
the farmer have been made with ref
erence to both the N.I.A.E. and Ne
braska tractor performance tests, and
there is probably some truth behind
these comments. However, in West
Germany and in Italy, for example,
the performance tests are perhaps



even more academic. To be of value,
any test work must be on a high level,
not embarked upon lightly, and not
the mere expression of opinions. The
point is that the more academic or
technical the test, the more directly
valuable are the results to the engin
eer and manufacturer; but the more
practical the test as regards function,
ease of operation, and durability etc.,
then the more valuable the farmer
thinks the results are to him, the
user.

Testing In Other Countries^

At the present time, impartial test
ing of agricultural equipment is car
ried out in at least 30 countries. In a
few cases, the tests are compulsory by
legislation and may, in fact, be re
garded as acceptance tests combining
both performance and endurance.
However, in the majority of countries
there is no legal compulsion for a
manufacturer to submit his equip
ment to test. These 'voluntary' test
schemes may be divided into three
categories. Firstly, in some cases tests
are financed and promoted by a gov
ernment in order to attract attention
to the best designs and limit the sale
of unsuitable machines. This work is,
in essence, an extension service to
farmers and the tests are made from
the entirely practical point of view.
Secondly, in other countries the tests
are carried out by universities or re
search stations with government fin
ancial assistance and are intimately
associated with research activities.
The work is of an academic nature
and is of value to the engineer rather
than to the farmer; it is supported
mainly because the test results are an
incentive to progress and develop
ment through technical competition,
as opposed to commercial competi
tion. Thirdly, in some countries the
work is carried out by large govern-
ment-supported organizations created
for the purpose of research, testing
and development, and the tests are
designed to be of value to both the
designer and the user. The difficulty
in this latter case is to maintain a bal

ance between the engineering and
the practical aspects of machine per
formance, thereby satisfying both
manufacturer and farmer, without in
effect doing two separate extensive
investigations. It is of interest to note
that the testing work at the N.I.A.E.
in England began as a compulsory
measure in wartime but continued

thereafter on a voluntary basis, main
ly because of a desire by manufactur
ers to submit their products to impar
tial test.

Performance Testing

The opinion is expressed that en
durance testing and acceptance test
ing are not properly the function of
an impartial agricultural engineering
organization at the present day, ex
cept in so far as they are synonymous
with a performance test. On the other
hand, it is contended that perfor
mance testing is an extremely worth
while form of applied research, and
it is proposed to examine this con
tention from the point of view of
the manufacturing companies, the
farmers and the agricultural industry
as a whole.

What are the inventives to induce a
manufacturer to submit his equip
ment for impartial academic tests:
in other words, how do the 'volun
tary' test schemes exist in so many
countries? In the first place, a publish
ed report may have commercial sales
value, although a poor report or the
withholding of publication may be a
commercial embarassment. Secondly,
cue necessary instrumentation, labor
atories and specialized knowledge can
be concentrated in one place, with
consequent reduction of expenditure
by each manufacturer (for this rea
son alone, other engineering indus
tries have themselves financed com

mon but impartial facilities). Third
ly, the small manufacturer with limit
ed capabilities is provided with a
means of evaluating his designs.
Fourthly, the management of a com
pany is able to appraise the efforts
of its own design staff and the en
gineers are provided with an inde
pendent judgement of their work: this
is of particular value at the proto
type or pre-production stage. Fifthly,
the technical competition which re-
ults from the availability of directly
comparative performance data is an
incentive to designers and gives rise
to many improvements and develop
ments.

The latter point is very important
and furthermore, is beneficial to the
farmer; but the most direct advantage
to prospective users is the assistance
which is provided in the selection of
equipment. In the words of an O.E.
E.C. report: "choice of equipment
can no longer be left to the laws of
chance and trial and error, or be
based on unverified information." A

few examples are appropriate. In
West Germany in 1957 there were on
the market 140 definitely different
wheeled tractor designs. Flow could
individual farmers be expected to
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make a reasonable choice without the
assistance of technically competent
people on the basis of comparative
performance test results? Canadian
agriculture is not particularly diversi
fied in type, but there are 102 wheeled
tractor models on the market, which
can be reduced to 56 definitely dis
tinguishable designs. The old argu
ment that the only way to judge a
tractor is to see it on the neighbour's
farm has some truth in it, but not
relevant; the neighbours cannot use
even a small proportion of those avail
able. Furthermore, tractors are now
being offered with new types of trans
mission: how can farmers know or be

advised if these are advantageous or
which gives the better results? Only
on the basis of impartial performance
tests.

Many other instances of the need
for impartial performance and func
tional testing occur in connection with
field machinery. To give only two
examples: the performance of spray
ers as regards droplet size range and
distribution is an important factor
in choice of machine, and the perfor
mance of fertilizer distributors and

drills as regards metering accuracy is
undoubtedly a factor in sound selec
tion; but in neither instance is in
formation available at the present
time. In the case of many machines,
however, both farmers and engineers
are primarily interested in compari
sons of performance, both qualitive
and quantitive. ft is fortunate in this
sense, therefore, that the most valid
method of testing field equipment is
on a comparative basis, because of
the wide variations of soil and biolo
gical conditions which are encount
ered and which cannot be controlled
or accurately measured. There are
two ways of doing this: firstly, by se
lecting a "control" machine and us
ing alongside every individual mach
ine tested (which means always tak
ing measurements from two machines
to test one); secondly, by testing a
batch of machines together under
the same conditions. The latter
method is particularly valuable in
evaluating different types of mechan
ism in machines designed for the
same purpose, such as forage-harvest
ers. But this should not be confused
with the "trials" or demonstrations of
machines in the same field which are
often held at shows etc. in many parts
of the world. Performance testing and
evaluation is a scientific enterprise.

Continued on page 38



early spring until late fall. However,
it is impossible to obtain half-lifetime
use of a harvesting machine in any
one individual fall due to the extreme

shortness of the harvesting season. A
proving track composed of steef ob
stacles is used to accelerate the hours

of use placed on any one individual
machine.
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Figure !. The proving track provides controlled
conditions as well as an economical method
to accelerate the test work.

A concrete strip five hundred feet
long is used, on which is bolted obstac
les with lifts of one and a half and
three inches. The obstacles may be
clamped in place with various spac-
ings and with various intervals, and
various arrangements.

An accelerometer is used as a trans

ducer on the machine in the field and
the traces are recorded showing the
magnitude and frequency of the ac
celeration to which the machine is
normally subjected. When the mach
ine is placed on the track, an attempt
is made to vary the forward speed
and the tire pressure as well as the
number of obstacles to simulate the
field gravitations. The frequency at
which the various gravitation classifi
cations occur, is increased on the prov
ing track to accelerate the test ap
proximately 3:1 while keeping the
amplitudes the same as those occur
ring in the field.

During the time machines are oper
ated on the track, as many of the com
ponent parts as possible are loaded
with simulated loadings determined
by actual strain gauge measurements
of the loadings during the time the
machine was actually operating in the
field. A program of cycling of table
lift, reel lift, clutch, etc. is arranged.

Although it is possible to accelerate
the number of hours with a proving
track in terms of fatigue loading, it is
not possible to accelerate wear of the
various bearings, components parts
and so on, on the same basis. It is
therefore necessary to make up the
difference between the accelerated
hours and the normal hours by oper
ating the machine on a stationary
wear test in the laboratory. The ma
chines are set up in the laboratory

and simulated field conditions again
attempted by loading the various com
ponent parts with absorption units.
The magnitude of the loadings are ob
tained by actual field measurements
taken in the field.

Although it is never possible to in
clude in any one test all of the differ
ent conditions that a machine is like

ly to meet in field operation, a rea
sonable knowledge of the end user's
requirement, combined with previous
farm machinery testing experience,
can be relied upon to suggest a real
istic range of practical conditions un
der which the machine should be

tested to obtain a worth while esti

mate of its performance capabilities.
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Figure 2. The mobile laboratory is recording the

horsepower input to the cutting mechanism and
ihe vertical accelerations of tne frame.

When a machine is being tested, the
manufacturer of the unit should be
encouraged to participate in early dis
cussions of the technique that will be
employed for evaluation, primarily to
see that the machine is not subjected
to conditions beyond that which it
was designed to operate in, and fur
ther, to develop a common trust be
tween the Test Engineers and the
manufacturer's staff.

A test technique usually calls for
the evaluation of a machine perform
ing on a variety of soil conditions such
as textures, stones and topography if
it is a tillage machine, and operation
in certain crop conditions such as
yield, height and topography if it is
a harvesting machine.

Figure 3. The direct writing instrument used by
the Machinery Testing Branch.
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Finalization of the technique is
necessary before a test should be un
dertaken, and the crop and soil condi
tions set out in the technique should
then he located and agreements made
with local farmer co-operators to oper
ate the test machine on their parti
cular crops or land during the test
ing procedure.

Engineering students, technicians,
or agricultural engineers are with a
machine throughout the time it is
being operated in the field. Perform
ance measurements are taken as pre
scribed in the agreed upon technique,
as the machine is being operated in
the various sets of conditions through
out the operational area.

The evaluation of farm machinery
is not an exact science. Many perfor
mance characteristics are not measur

able in any scientific manner. It is
important, so that considered judg
ments can be made on performance
characteristics with some degree ot
accuracy.

Even when rather complicated in
strumentation is used to measure and

obtain certain data on a machine, it
is important that the results are in-
terpretable by the end users of farm
machinery. Further, no data need be
observed and recorded which is not

of a material benefit to the farmer.

To carry out adequate farm mach
inery evaluation, certain instrumenta
tion is necessary, as was indicated
earlier in this paper, a good deal of
the instrumentation is not available

as such and requires adaptation from
the automotoive and aircraft indus

tries. Figure (3) indicates some of
the instrumentation used in farm ma

chinery evaluation.

Continued from page 36

In order to have the support of
manufacturers and users, and because
it is a specialty requiring special staff
and associated research and instru

mentation development, testing
should be carried out by a specific
organization and not dispersed
through the universities. Yet perform
ance testing cannot be divorced from
research and is, in fact, an essential
form of research.

This as the major and concluding
point. Performance testing of existing
designs and methods inevitably leads
to further applied or fundamental re
search concerning questions which are
pushed out into the daylight by the
results or execution of a test. In some

Continued on page 40
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countries, research facilities have de
veloped from testing: in other coun
tries, testing facilities have developed
from research; the two are inter
twined and not often distinguishable.
Thus, performance testing facilities
are of value to the agricultural en
gineering profession and industry as
a whole. Where do designs for the
mechanization of farm work stand.
today? How good are they and which

Continued from page 23
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HONORARY MEMBERSHIP

Lifetime Honorary Memberships
in the Society were awarded to two
pioneers in Agricultural Engineering
in Canada:

Dr. E. A. Hardy and Professor G.
L. Shanks.

EVAN A. HARDY

A native of Iowa, he came to the
University of Saskatchewan after
graduation from Iowa State College
in 1917. He later obtained a Master
of Science degree in engineering and
was Head of the Agricultural Engin
eering Department until 1951. From
the time of the first agricultural en
gineering graduate in 1924, the name
of Professor Hardy and the Univer
sity was almost synonymous to the
rural people of Saskatchewan. His en
thusiastic demonstrations by means
of Horse pulling contests, proper hit

ching and use of farm machinery and
tractor drawbar tests, contributed to
the effective and rapid mechanizing
of prairie farms. His practical ap
proach to engineering problems as
sociated with agriculture gained him
respected recognition by industry.
His adopted Province and University
awarded him an Honorary Doctor's
degree in 1957 recognizing his contri
bution to the Province and to Can
ada. In 1951 he accepted an assign
ment to Ceylon with the Food and
Agriculture Organization and is con
tinuing agricultural engineerinfi work
in that area.

GRAHAM LAWSON SHANKS

A native of Manitoba he graduated
from the Manitoba Agricultural Col
lege in 1912 and started a teaching
career on the staff of the School of
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Agriculture at Vermilion, Alberta,
before joining the Royal Air Force
in 1917. He returned to the Manitoba
Agricultural College and was appoin
ted Head of the Agricultural Engin
eering Department in 1921 and con
tinued until his retirement in 1955.
He completed studies for a Master of
Science degree at Iowa State College
in 1931 including a thesis "The Cause
and Prevention of Accidents to Oper
ators of Farm Machinery". Along
with a continuing interest in rural
electrification in western Canada he
conducted research on crop spraying
machinery which has received inter
national recognition.

Professor Shanks was present at the
meeting to accept the award. Profes
sor Hardy had hoped to attend but
sent his regrets at being unable to
leave his post in Ceylon.


