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APPLICATION OF DIGITAL HUMAN MODELII{ ORDER
TO DETERMINE THE FATIGUE AND DISCOMFORT

FEELTNG OF THE TRACTOR DRIVER
Maiuiic-saveliit. 5.1 , Lukit, .t.2

SUMMARY
Driver fcttigue has a negative impact on driver perfbrmance. Motlern transprtrt vehicles have
become mctre and more advanced and thcrt is why there are increasing ciemantJs /or clrivercomfort Tractors play an important role in agricultttral productioi, hut theii working
environment can cause a feeling o/ discomfort. The tractor sect must provide , ,o*fu,l.rj,bli,
position for the driver ctnd does not a/Jbct his health and safety. whiie driving, drivers feelcertain vibrations that cau.se discomfort, bctck pain and fatigue.' A Mc Cormici D326 tractor
tt'as tr'sedfor the analysis. Drivers Fatigue analysis ro, pur|or*ocl on ten male subjects of the
Serbian population. The obtainecl results showed thctt the inJlttence o.f onthropometric'tlatcr
ctffects the occurrence o.f /htigue ancl back pain.A large corre'lation was observe1. between the
subi.ect's height and./atigue, while a weak correlatiin was observecl betneen shoultJer wiclth
and discomfctrt Jbel ing.

Keywords: Fatigue analysis, Ramsis, Tractor operator, whole bodv vibration

INTRODUCTION
Comfort has been widety studied, but a clear definition olcomfort has not yet been established.
Comfort is a subjective phenomenon and many researchers have studied the factors the irnpactin subjective feeling of comfotll, [2]. The influential f'actors on the ride comfoft are: bodyposition, muscle activity, pressure, stiffness, and suspension irom seat and back cushions.
These studies have concluded that they become a link between comfort and measured factors
(age, anthropometry, parts of the body that are in contact, etc.).
Agricultural tractor drivers are exposed to high values of vibrations, which are transmitted to
the body. They occur during some daily aciivities. Whole body vibration (WBV) depends
critically on driver's body. anatomy, weignt distributions, tractor mass, tire inflation pressures
and ground. Several str-rdies indicated frequent back injuries of tracio. drivers, but did not
provide a direct link to vibration exposllre, and they dii not investigate the effect of driver
body position i3], t4]. Some researchers concluded that back pain was"a more common diseasein 60 tractor drivers who were examined, but they were not sure that vibrations or bodv
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position were the cause of the pain. The most common disease of the musculoskeletal system is
dorsalgia, i.e. back pain, and along the spine and on average occurs in every fifth tractor driver.
Dorsalgia may be limited to one or rnore back-spine areas. Pain, which oscurs in the lower
back, is f-elt by as many as 60yo to 80ok ol people during their lifetime, and among tractor
drivers, low back pain is present in about 40oZ ofdrivers [5], [6]. There is a possibility to get to
know in advance the possibilities of the driver's movement while driving as well as the
appearance of pain in certain parts of body.
The assessment of discomfbrt is performed by
application of digital human models [7]and
methods RULA [8], REBA [9], etc. The driver
becomes tired while performing various
movements while driving.

ln this paper, digital human models are used to
determine thedrivers fatigue and discomfort in
ceftain parts of the body, for diff-erent sub.jects.
Ten difl'erent male subjects were analysed.
Their anthropometric characteristics were

Fig. l. Tractor McCormikD326

varied (body height, sitting height, foot length, arm length). The driving and standstill
conditions of all models were tested in a virlual tractor environment (Fig. l).
The influence of anthropometric parameters on comfort and fatigue was investigated. For this
pulpose, the software packages Catiav5R I 8 and Ramsis (RechnergestutZes
Anthropometerisches Mathematisches System zurlnsassen-Simulation) were used. The
software package allows you to place the model in a certain position and analyse his
comfort/discomfort.

METHODS
Digital hurnan models are increasingly used for testing purposes. The first task of this research
was to create a working environment for mannequins on a tractor. A McCormikD326 tractor
was modelled because this type of tractor has a good price, which makes it available to a large
number of rural households.CatiaV5Rl8 software package (parts design and assembly
modules) was used to model the tractor. The second task was to place the mannequin in a
sitting position and set the boundary conditions by application of Ramsis software. Fig. 2
shows a mannequin in a sitting position. Ramsis software has the ability to work with two
types of human models - geometric and kinematic. Geometric model of the mannequin with
five fingers, and foot legs with shoes were used in this paper. Anthropometric data olthe ten
subiects are shown in Table l. The subjects were Serbian populations and belonged to the age
group of l8-70 for 99oh male populations.

Tab. 1. Anth dutu
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b)
the vehicle: a) resting condition, b) driving condition
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While using the tractor, drivers are exposed to negative influences that have a detrimental
effect on humans. On the driver's body, in acld ition to physical stress, various pollutants (dust,
plant protection chemicals), and a discomfbrl has significant factor. Some research [10] shows
that, apart from flat asphalt, all other terrains on which tractors move has huge impact on
comfort/discomfort. Determination of driving comfort or discomlort in a sitting position can be
carried out in field conditions. laboratorv conditions and is faced with expensive and time-
consuming research on humans. RAMSIS software enables analysis and assessment of vehicle
comfort using various human mannequins. An assessment of- discomfort can be made in
relation to the whole bodv and different parts of the human body. Discomfort and fatigue is
defined by numeric values based on performed experiments. Comfortable sitting and driving is
valued as 2.5 Discomfort value assessed higher than 5.5 represents very uncomfortable
conditions. The health assessment of the spinal column is based upon an assessment model
which converls the posture-related angular misalignment of vertebral bodies against oneanother into increased
pressure loads on the
intervertebral disks, I'rom
which in turn the rnodel
derives a damage assessment.
The position of the lumbar
spine has the greatest impacl
on the assessment of health in
RAMSIS, while the cervical
parl of spine has the least
impact I ll.

RESULTS
The RAMSIS posture
prediction is based on
statistical analysis of results
obtained fiom the conducted
experiments, tl ll After
obtaining the anthropometric
data of the virtual driver
population, digital human
models was generated with Fig. 3. Results o/ discomfort assessment

,i.:

l+

1:

2

r-

Figure 5 show resuh
subject's discomfort
the range of 2.8 to {
with a heighr of 1750
2). The R2 value u;
increasing heighr *x
has the lower discoml

30

'l'raktori i p/nr
'l'ractors and p/rn

-{pplrcation ot dieital human modelin order to
determine the tatigue and discomfort feeling..

MaduZii-Saveljii, S., e1 al.
Vol.26.No. 1/2. p.28-3 5, 2021.

Traktori i p/ni
Tractors and p,'nt



' 1.- -,: i-\aveLjii, S., et al.

-- 
''. , I i.p.28-35, 2021.

. ...,:g eortclition
- : - :r 

-1\ r- a detrirnental
. . prr ILrtants (dust.

- --.-'rr.lt ll0l shows
j -.r: hllge impact on

- .r : :.;rS position can be
- -'l:..:ire and time-

.' i :::.SSITIeflt Of vehiCle
^. 1 .An be rnade in
:- rr-ii1 and tatigue is

rr . : -:jns and driving is

: - .: . Jr\ uncomfbrtable
- :: r-i)essfitent rnodel

- - : :,.dies against one

Application rl1'digital human modelin order to
detennine thc latiguc and discomfbrt f'eeling..

MaduZii-Saveljii, S., et al
Vol.26.No. I /2. p.28-3 5, 2021

appropriate degrees ol fieedom. By application of abovementioned software and

ECE/TRANS/180/Add.3 standards [12], the analysis of the interactions between driver and

seat, driver and steering wheel, in order to determine the fatigue and discomfort. The health
assessment of the spinal column is based upon an assessment model which convefts the
posture-related angular misalignment of verlebral bodies against one another into increased
pressure loads on the intervertebral disks, from which in turn the model derives a damage

assessment.Example of the obtained resuits is given in Fig.3. The red rowshows the results
while driving, while the yellow row shows the assessment in the resting condition. Difference
column represents the difference between red and yellow'rows.

Figure 4 show results of the analysis for the driving condition where the dependence of the

sub.ject'sfatigue vs. his height was observed. It can be seen that the fatigue values are in the

range of 2.2 to 3.9. The highest recorded value of fatigue (3.9) has a subiect with a height of
1760 mm, while the lowest has a subject with a height of 1820 mm (Table 2). The coefficient
of determination (R2) was 0.898, and it can be concluded that with increasing height, the
fatigue ofthe subjectsfor the analyzed type oftractor decreases.
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Fig. 4.The results of comparative analysis of ten subiectin driving
condition Fatique vs. subiectheight

Figure 5 show results of the anaiysis in the driving condition where the dependence of the

sub.ject's discomfoft feeling vs. his height was obseryed.The discomfort feeling values was in
the range of 2.8 to 4.2. The highest recorded value of discomfort feeling (4.2) has a subject

with a height of 1760 mm, while the lowest (2.8) has a subjectwith a height of 1820 mm (Table

2). The R2 value was 0.909, and, as in the previous case, it can be concluded that with
increasing height, the discomfoft feeling of the sub-jectdecreases.Therefore, the higher subject

has the lower discomfort feeling values while driving.
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Figure 6 shows the results of the analysis for the driving condition where the dependence ofthe
sub.j ect's fatigue vs. shoulder width was observed. Fatigue values ranged from2.2 to 3.9. Thehighest recorded value ofthe feeling of fatigue (3.9) has a sub.ject with a shoulder width of 453mm, while the lowest (2.2) has a subj ect with a shoulder width of 4g0 mm. The R2 value was0.401. It can be concluded that there is a moderate correlation between fatigue and shoulderwidth of the subjects.
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A weak correlation (figure 7) was observed in the relationship between the discomforl feeling
and the shoulder width of the sub.jects. Discomfort values ranged from 2.8 to 4.2. The highest
recorded value of the feeling of discomfort (4.2) has a subject with a shoulder width of ,153

mm, while the lowest (2.8) has a subject with a shoulder width of 480 mm. The value of Rl
was 0.349. This value shows that there is no significant dependence of discomfort feeling and

shoulder r.r,idth of the subjects.

&pendence of the
mt2-2to 3.9. The
nlder width of 453
The R2 value was
igue and shoulder

Tab. 2. Descriptive statistics of'results obtained for subiects
Height
lmml

Sitting
height
(mm)

Shoulder
breadth

(mm)

Foot
length
(mm)

Fatigue Discomfort
Feeling

Max 1 830 900 480 270 3.9 4.2

Min t760 810 453 260 2.2 2.8

Mean t793.5 870.8 463.4 263.3 3.1r 3.6

st. 2t.2 25.07 9.4 3.09 0.6 0.5

deviation

As the analyzed values of fatigue and discomfbrt mostly in the range from 2.5 to below 5.5, it
is considered that this driving condition is acceptable for the subjects of the analyzed
anthropornetric dimensions, figure 8.
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Fig. S.Compctrative presentation of the influence ctf.fat igue and discomJbrt /br ten sub.jectswith
d i//b r ent ant hr op o metr ic d im e ns

Figure 8 show the values of fatigue and discomfort feeling fbr the ten subjectsused in this
study' Based on the obtained results of fatigue and discomfoi r".ting, it can be conclu6ed that
the increase in fatigue is accompanied by an increase in discomfort feeling, but the tractor usedin this work corresponds to the examined small population, because the analyzed data do not
exceed the allowed limit values.

CONCLUSIONS

Rad primljen: {_r 1

The aim of this study was to determine the driver fatigue and discomfort feeling for a given
type of tractor in driving condition. The anthropometric dimensions of tensubjectivere
analysed. Testing was done in the software package Rarr-rsis. The obtained results show that all
sub.iectshave a permissible fatigue value below 5.5, which represents a limit value. The fatigue
values were in the range.of 2.2to 3.9. The highest recorded value olfatigue has a sub.jectwilh a
height of 1760 mm, while the lowest value of 2.2 has a subjectwith a ireight of ig20 mm, in
range of 2.5-5.5 lor comforlable sitting. The R2 value was O.S9S, and it can be conctuded thatwith increasing helght, the fatigue of the sub.iectsfor the analyzed, type of tractor decreases.
Discomfort feeling study show the values range of 2.8 to 4.2. T[e highest recorded value of 4.2
has a sub.jectwith a height of 1760 mm, while the lowest value of 2.g has a subject with a
height of 1820 mm. The R2 value was 0.909, ancl. as in the previor_rs case, also can be
concluded that with increasing height, the discomlbrl f-eeling of the sub.ject,sdecreases.It was
concluded that there is a moderate colTelation betweenfatigue and shoulder width of the
sub.iects, and weak correiation between the discomforl feeling and the shoulder width.
The application of this method of analyzing fatigue or leelings of discomlorl has a number of
advantages. First, it is possible to determine which population can best use the procluct with
n.rinimal feelings of discomfbft. Secondly, tractor manufacturers can know in advance how the
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drivers will interact with the work vehicle, and do everything to adapt the product to a larger
number of users.
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