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Aspects of the development of a test eode for tractor suspension

seats

R.M, Staymer

The low frequengy ride vibration of an agricultural tractor
can be quite severe and contributes tg the high rate of spinal
disorders noted among tractor drivers . A3 s means of improving
the ride comfort of the drivar, seats are available with mechanical
suspenzion systems which provide a degree of additional isolation
from vibrations vertical to the tractor. Mare sophisticated
suspension systems, either for the driver's cab or for the tractor
chassis, are being investigated with the aim of providing improved
igolation from vibrations on more than one axis, but these are not
yet production propositions. This paper concerns the development
of a test code for assessing the performance of suspension sests in
practical conditiona, suiteble for use at testing atatlons in
soveral countries, The requirements are briefly stated, followed
by discussion of soms particulsr test techniques and of factors
affecting seat performance.

Test code requirements

The asssssment to be made through the test oode should
include not only the parformance of the seat as a vibration
isolator, and some estimate of the effect of ageing on that
performance, but else its efficiency in providing physieal support
for the driver. It is important that the teat code ahould be
simple to carry out and should not invelve great expenditure.

Anthropometry  Anthropometry defines the suitability of the
driver's position relastive to the major controls es well as the
support provided by the seat itself. It is necessary to
prescribe a set of dimensional measurements to be made with the
aseat gttached to the tractor.

Weight range The renge of driver weight which can be
accommodated by a seat suspension, malking full use of any
adjustment provided, should be ascertsined, A static losd/
deflection test suffices, and, by including an off-centre load,
gives an indication of the lateral strength of the seat.

Vibration level and trangmisgibility The vibration
trangmissibility of the seat must be defined, as must the vibration
level which is transmitted to the driver when the seat is fitted
to a particular tractor. Both tust be measured undsr well-defined
test conditions, snd the method should scgowmt for the vibration
susceptibility of the driver.




Durability The performance of a seat should be measured
before and after a defined period of "use™. This 1s to provide
a measure of its deterioration, mot of 1lts fetigue life.

Development of test techniques

The development of techniques reguired for this test code
hes been carried out in full at the N.I.A.E. Only those eoncerned
#ith the dynamiec tests will be discussed here.

Tsat tracks Test tracks are used to provide the input
vibrations for measursment of transnissibility and vibration level.
Seat suspensions are not linear, and performance is affected by so
many factors that it is deemed necessuary to use the most lifelike
conditions for these measurements. To enable repeatable measure-
ments to be made, two traoks have heen conatructed of wooden
blocks, One 1s representative of rough, ploughed land which may :
be traveraed at speeds of about 5 km/h,, while the other is
representative of smoother conditions such as farm tracks over
which speeds of 15 km/h would be more common. The profiles of
each track were taken from actual field measurements in the wheel
marks of itractors, in order to obtain representative crosa-
correlation between the two tracks of each palr. The samplea
chosen were those whose power speetral density functions were
nearest the average for & number of gimilar semples, and the length
was such as to allow 100 perjods of the mein frequency of
vibration, in this cese 3 Hg€.

Frequency weighting Frequsncy weighting is applied to the
acceleration measurements, which are taken from seceleromsters

mounted ons on the tractor and one on a board between the driver

and the seat. The weighting is required to take into account

the effect of vibration on the driver, and the shape of the
-waighting curve follows I.5.0. recommendations for human exposurs

to vibration}. It may be applied in either of two ways. One

reguires a narrow band frequency analysis of the acceleration

aignals, the power in each band being weighted before being added

to obtein a total welghted mean square level. The other method

uses an electrieal filter to modify the signal, which may be

combined with an analogue squdring and integrating eircuit to J
obtain the weighted memn square level "on-line", Despite

limitetions to the reasponse of realisable electrical filters, the 1
two methods have given compsrable results, snd the convenience of

direct reading is far more attractive than recording and 1
laboratory analysis, ]

Endurance rig An endurance rig on which seats can be "aged"

‘in & reelistic fashion is needed for the test. Pield use is too
time-consuming end not sufficiently controllsble. Requirements

of reliebility and economy, coupled with a high rate of

ufilisation for a single purpose led to the cholee of a mechanical
vibrator. The resulting machine effectively simulates e tractor

end a ground profile. A frame representing the tractor chassis

is pivoted at & point representing the front axie pivot attmchment.

It is supported at the rear, ithrough rubber springs representing

the tractor tyres, on a pair of lerge cams. The profiles of

these cams are taken one from each side of a pair of wheel tracks

used on the test track, and when the cams eare driven round by an
electrio motor, the motion imparted to the seat attachment point

is similar to that obtained under worldng eonditions. The zeat

is loaded with a simple mass for the 200 hour working period,



Factors affeoting seat performance

A number of factors affect the performance of a suspension
seat, which is measured as the ratic of weighted r.m.s.
acceleration on the seat to weighted r.m.s. aceeleration on the
tractor. In order to define conditions for eeat tests which
ensure soie dagree of repeatability, the effects of all the
important factors should be Imown or estimgble.

Driver The driver himself affects the seat performance in
several waya. The most obvious of these is the effect of his
weight which may be anywhere between 120 1b and 220 1b. Although
in general, &s would be expected, the greater mass of & heavy
driver ls the best isolated by the seat suspension, this is not
alwgys s0. It has been known for the adjustment of suspension
pre-load to cause & change in geometry detrimental to
performance under heavy loads. At least two waights of driver
should be set in any standard test to aveid a biased Judgment,
but this may not in itself be encugh. The build of the driver
can have an effect of the same order as a lsrge weight change.
How much of this is due directly to body dynamics, and how
much is caused by differences of posture is uncertain.

Anthropometr Two anthropometric effects mey be noted,
The first 1s tha effect of sorkspace dimensions on pesture,
which affects body dymemics as mentioned above, and also sffects
the wibration- transmission through the driver's hands and feet.
The second is the effect of the support provided by the seat,
in particular the lateral support. The seat should therefore
be tested when correctly fitted to the tractor.

. Yibration The isolation properties of the semt suspension
vary with the vibration level to which it 1s subjected, both
indirectly through varistions in driver charecteristics, and &
directly through changes in seat charscteristics. The efrects

of frictlon and backlash in the mechanism ceuwse the yjbra{fitn
transmissibility to vary with amplitude, and with th# amount of

vibration in directions other than that measured. It is for

this reason that seats are tested specifically in combination

with one trector at & tlme, and that track testing is used with

two types of track, for generality of assessment, and with

agourately regulated speed for repeatability. Note that

vibretion level varies with speed in a complex fashion depending

on characteristies of tractor and track profile, but ia on

aversge roughly proportional to speed over the range of interest.

Ageing  Ageing effects the frictlon and backlash in the
seat suspension mechenism and may result in creep in rubber
springs where these are used. Although friction may decrease
duwring an initial running-in period, operation under rough
conditions for 200 houwrs frequently results in an incresse in
friotion, and a reduction in isclaticn efficienay.

VYariability of resulta Vaerisbility betwesn results can
arise from two more factors. One is the productlon variability
of the seats thewselves, which may be considerable. The test
code 1s intended as s wethod for individual seats. Production
sampling would involve s multiplication of the test procedure,
and & lengthy experiment to determine a satisfactory minimum

number of seats to examlne.




The cother source of varisbility is in the measurements
themselves. Two consecutive messurements of the same variable

may differ by 10% or more, despite repeatability of speed to

vwithin + #%. Single measursments for sach figure are therefore

guite inadequate, and it is preferable to obtain aversges from

3 or &4 runs. |

Conclusions

& oode for the testing of tractor suspension seats has been
put forward for international use, t¢ improve ths agresment
between measurements made at different testing stations, and is
being considered by the 0.E.C.D, An effort has been mads to
ensure that the outlay on equipment needed to implement the code
is kept low, bearing in mind the fecilities already available st
such testing staticns. The code itself has been tried in as
many aspects as practicable, and may be used to assess individual
seats for purposes of comparison. It hes been suggested that it
should be used to determine acceptability, with enforced limits
to vibration levela and to various anthropomorphic measurements,
but that is not proposed at present.
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