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Abstract 

The value of computer modelling of the pilot body in 
helicopter cockpit design pennanently increases. 
Thanks to the application of these models the problem 
of the compatibility of the crew station geometry with 
anthropometlic and biomechanical charactctistics of 
pilots could he resolved at the early stages of 
designing. The survey of many publications reveals the 
inadequate understanding or ignorance of the problems 
related with the using these design support systems. As 
a rule, these human body models consist of a set of 
moveable links articulated by means of joints. Such 
models arc tenned the Multielement Link Model 
(MELM). Generally, these models arc based on the 
following assumptions: 

1) The links of the MELM are regarded as an 
absolutely tigid levers of the body's mechanical system 
(the spinal column as well); 
2) The model links arc connected throngh the ideal 
joints; 
3) The geomettic parametrs of the model arc based on 
the static anthropometry data. 

Static dimensions, which are taken with the body of 
the subjects in tigid standardized positions. arc easily 
obtained and used in design. This kind of 
measurements are used in the development of the 
multielement human body models. The body 
dimensions, which change during angular or linear 
displacements of the measured link arc the dynamic 
data. The dynamic dimensions, which arc taken with 
the body in vmious working positions and functional 
ann and leg reaches, arc usually more complex and 
difficult to measure. 

The using of the MELM in the crew station design 
have one troublesome feature. It consists of the certain 
mis-match of the work space evaluation results 
obtained by means of the MELM and the 
measurements which were held with the real humans. 
This fact significantly reduces the value of such 
models. Therefore the US military standard MIL­
STD !333 B says: <<Consideration shell be given to 
differences between link model data and classical 
anthropomctlic data». In fact, the question is about the 
main difference between two kinds of the 
anthropometric infonnation. The designers try to usc 
the MELM, the simple static model, for dctcnnination 
of the outer limits of the workplace or space reach 
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envelopes for the placement of controls. 

The link mrxlel data were compared with the dynamic 
antlu·opometric measurements, which were available 
to us. The comparison showed rather big discrepancy. 
It can lead to the mistakes in the control placement. 
We suspect this discrepancy is related with the 
simplifications in the human model design which take 
place due to the deficiency of the required 
anthropomctdc data. We set up the hypothesis that the 
spinal flexibility, the shoulder mobility, and the 
differences between the real and the ideal joints lead to 
the change of the center of the shoulder joint (CSJ) 
location as compare with the location of tltis point 
predicted by means of the MELM. The problem of 
development of the model which will take into 
consideration an these parameters and their quantitative 
vatiations for vatious humans seems quite challenging. 
We propose the other approach. As a result of the 
following quantitative analysis we found that these 
deviations could be mathematicaly dcsctibed as 
a function of the ann height above the scat and the am1 
angle from the midplane of the body. The introduction 
into the algotitlun of the special bloc of equations, 
which simulates a position change of the shoulder jo­
int center, allows to obtain the acceptable accuracy of 
calculations. 

Introduction 

Today many big companies which deal with 
development in such areas as aviation~ cars, and other 
complex man-machine systems usc the computcdzcd 
human body models in the design process. This fact is 
connected with a signit1cant economic effect on the 
design process (reduction of the time of development, 
increase of the design quality, possibility of 
comparison of several alternative valiants without 
building expensive full scale mockups and so on). One 
article wtittcn 7 years ago, Reference 1, infonncd about 
the existence of great number of vendors of such 
systems, most of whom produced software packages. In 
many science surveies such computetized tools as 
SAMMIE. COMBIMAN, ADAM etc. arc mentioned 
(see, f(>r example, the survey in the Reference 2). The 
SAMMIE is a success at Westland Helicopters LTD, 
Relcrcncc 3. We also know thanks to our collaboration 
with Eurocoptcr France that our French colleagues usc 
similar system dming the design process. 

Some 11nns try to develop this kind of design support 



systems temselves, obviously due to economic 
considerations, taking into account the features of their 
products, the company's traditions of designing 
and the type of available 3-D modelling system. 
BOEMAN and CGE which were developed by Boeing, 
Reference 2, and MACMAN developed by McDonnell 
Douglas Helicopter Company, Reference 4, are the 
examples of specialized design tools for aviation area. 
We can safely say that this kind of activity exceeded 
the bounds of exotic. 

It is possible to define tJn·ee clusters of problems which 
are senlcd by means of this computelized design 
systems. First, is a problem of compliance of the work 
place geometry with anthropometlic and biomcchanical 
parametrs of flight pers01mel. The reach and the pilot 
comfortable working posture which is charactelized by 
the joint angles are used as the cdtelions of the 
compliance. Besides that the clcarcnces between 
human body's segments and the elements of stmcture 
are studied. Second, is a problem connected with the 
optimal design of extemal and itemal vision. 
<<Dynamic» problems arc conccmed to the third cluster. 
It can be, for example, computer modelling of the 
motion of pilot's head dming the crash impact. 

Perhaps it should single out into a separate group a 
very interesting cxperiece of using of the 
computerized model of the maintainer (CREW CHIEF) 
which had been developed by the U.S. Air Force and 
was applied in the design of the RAH-66 Comanche 
helicopter, Reference 5. The problems of the tirst 
cluster and partly of the second one arc solved by 
means of this program. 

This paper is devoted to some particular but rather 
important questions which arc connected with the 
problems of the 1-st cluster. It is necessary to say that 
the problem of compliance of the station geometry 
with the human geometry is very important in the area 
of helicopter design because just this kind of man­
machine transport systems provokes a widely spread of 
back pain and back discomfort. This back pain has a 
considerable inl1ucncc on the pilot's health, the period 
the night service and the efficiency of flight missions. 
This problem is consiclerccl as a quite sctious one, so 
that many reports of the special AGARD Conference, 
Reference 6, were devoted to the causes and the 
consequences of this helicopter pilot's back pain. 
Today it is possible to be sure that the specific work 
posture of most of helicopter pilots is the main reason 
generating this phenomenon. This poor work posture 
is closely connected with an inadequate compliance the 
station geometry (including geometric charactclistics 
and mutual locations of all clements: flight controls, 
scats, cockpit controls panels, desks etc.) with the 
anthropometry and biomechanics. Besides that it is 
important to pay an attention to the signil1cant 
differences between the same measurements within the 

crew member's population. Tire rather big expelicnce 
of various helicopter operations (both military and 
civil) in Russia allows to say that Uris problem is 
inherent in all helicopters ill'espective of country and 
company. 

Our point of view 

Obviously, the interactive computer graplrics techniques 
and the mathimatical 3-D human body model are 
an up-to-date facilities which could allow to solve 
this problem effectively dming the design stage. Of 
course, every compairy produces it's own point of view 
on this question. As it has been mentioned above some 
companies use the systems which were developed by 
specialized firms but the others develop tlris facilities 
themselves. The system designers face with two special 
tasks (among many others): the stnrcture of human 
body model and the utilisation of an anthropometlic 
database. We have already expounded our point of 
view earlier, References 7 ,8. Here it is in blief. 

As a result of analysis of many publications related 
with the crew station design support we found that 
most of authors emphasize the problem of 
visualization and arrimation of the 3-D human body 
model on the display screen. Recognising the value of 
such visualisation we think that the maximum usage of 
the anthropometric and biomechanical infmn1ation and 
the computer visualisation of the results of the 
workspace evaluation arc more important. The results 
may be presented in different forms, for instance: the 
2-D or 3-D reach zones or the recommended zones for 
control location wlrich will provide an optimal pilot's 
work posture. The results are visualized wihtin the 3-D 
«electronic mockup>> of helicopter crew station. Fig. I 
shows the scheme of our crew station design support 
system. 

The base of the system is the mathematical model of 
pylot's body that was built on the principles wlrich will 
be stated below. The fact that the human skeleton is 
governed by the mechanic niles allows to model it as a 
set of movable links which arc connected each other 
via articulations. Such a model should: I) correspond 
with the l1ight personnel anthropometric characteristics 
varied within the specified limits (+/-2 or +/-3 
standard deviations): 2) take into account the statistical 
interrelations between the anthropometlic 
measurements. 

The individual combination of such measurements is a 
unique feature of every person as well as the fingerpw 
tints or the ear shape. It is known that the system of 
personal identification based on the combination of the 
anthropomctlic measurements was used in the c1ime 
detection from the end of XIX to the beginning of XX 
centuries. This method was invented by A.Bertillion. a 
French scientist. Most of this measurements are related 

7.2 



each other not functionally but statistically, through 
the positive paired correlation. It is theoretically 
possible to model the complete variety of the 
combinaton of N antluopometlic parameters by using 
an idea of a concentration ellipsoid (an ellipsoid of 
equal density of probability) within N·dimensional 
space. Particular paramettic models which consist of 
not a great number of links are used for the designers 
needs. Main parameters are selected dming the 
producing the model. One of this parameters is 
considered as an independent parameter. The joint 
distribution of this two or tlu·ee main parameters arc 
studied by modelling them by means of the 
concentration ellipse (2 parameters) or the 
concentration ellipsoid (3 parameters). The regression 
lines (if the rather strong conelation with the 
independent parameter exists) arc used for the 
additional parameters. If the correlation is poor, the 
average value is used. Fig.2 shows the particular 
parametric model for the ann reach tasks. In our 
previous paper, Reference 7, were shown following 
characteristics for the human factor (HF) design 
problem connected with the evaluation of ann control 
reach should be selected as the main parameters: 

H
23 

- the height of eyes above the seat (the independent 
parameter) and 
H 12 - the ann length. 

The numerical values of the anthropometric parameters 
come from the computer database which stores 67 
anthropomettic properties of 560 pilots. These data 
arc statistically processed by using the special software. 
The most essential feature of the computer database is 
calculation of a full correlation matrix of the 
antluopomcttic data. Only this kind of statistical 
infonnation allows to deal with the joint distribution of 
relevant parameters. 

Only such crew members who have shortest ann 
lengths among each groop of people with the same 
«eyes-above-scat» height arc interesting for the HF­
analyst or the crew station designer during lhc solving 
the task of lincling of the reach zones. The ann length 
is dclinecl from the lower bound of the ellipse. This 
fact means that the statistical relation is replaced by the 
functional one in the given HF-dcsign problem (Fig.3a). 
The values of the minor parameters using for 
dctennination of the link lengths which provide the 
location of the centers of hip joint and shoulder joint 
arc dclincd from the regression lines (Fig.3b). 

It is necessary to give a definition to the term «HF­
dcsign problem». Under this term we understand a 
particular task which is solved by HF-dcsigncr. or HF­
analyst and is connctcd with the process of 
concordance between any crew station clement ancl the 
anthropometry and biomechanics of flight personnel. 
The particular human body model for the HF-design 

problem of rhe evaluation of yaw control pedals reach 
will consist of the different links and the main 
parameters should be different as well. The HF-dcsign 
problem of the work posture quality evaluation by 
using the critetion of joint angles will require more 
complex particular model (3 main parametrs instead 
of 2), Ref.8. Therefore, the mathematical human body 
model, the algorithm and the fOim of evaluation arc 
closely connected with the HF-design problem. In 
addition the !-IF-design problem dctennincs the 
different charactetistics of the model: 

* the vatiation limits of the antlu'Opomcttic 
charactetistics and the fonn of their presentati-
on: in main square deviations or in percentage number 
of pilots, (it depends on the Customer requirements); 

* the type of control (button, switch, gtip etc.) 
which detennines the configuration of hand and 
lingers dming the work and, therefore, the effective 
ann length; 

* the type of functional reach: easy, full or 
maximum functional reach according to the tcnni­
nology presCiihcd by the Russian standards, or 
Functional Reach (Restraint Hamcss Locked), 
Maximum Functional Reach (Restraint Harness 
Locked), Maximum Functional Reach (Restraint 
Harness Unlocked), according to the Ametican standard 
MIL·STD· !333B. 

It should be said that such an approach to the fanning 
of the mathematical pilot body model make the 
concept of «the human body of such-and-such 
percentile» unnecessary because the percentile is 
suitable only to the disttibution of the single random 
value and lose it's meaning in the multidimensional 
disllibutions. This means that the HF-designer deals 
with the «entire» population of flight personnel instead 
to limit himself to several particular cases. An 
insufficient attention to this question leads to situation 
desclibed in the Reference 4. Dming the examination 
of the model validity using the mockup and several 
human subjects of the same size as those in the 
database the authors revealed that they couldn't select 
the approplialc human subjects. 1t was impossible 
because <<most humans arc not perfect 25th, 50th, or 
95th percentile in size». Real humans have the 
anthropometlic sizes which arc described by means of 
more complex mathematical laws. 

Main limitatjolL..Q.U\l.c_QQJlC_c.ption of tllC...1llJJltielcmcnt 
link..nJ.m).cl 

As a ntlc, the mathematical human body model 
intended for the HF-analysis of the workspace consists 
of a set of moveable links articulated by means of 
joints. They arc of two different types: hinge joints 
(elbow) and ball-and-socket joints (shoulder and hip). 
Such models arc called the Multielement Link Models 
(MELM) of Human Body. First of all they differs from 
each other in the number of links. More often this fact 
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is connected with the number of the spinal column 
segments. For example, the MACMAN has got the 3-
segment spinal column (Reference 4) and the pilot 
body model of the Kamov helicopters company has got 
the 2-segment spinal column (Refefcrence 9). It is not 
necessary to be an expert in the anatomy to understand 
the approximatencss of such a model. 

Generally, these models are based on the following 
assumptions: 
I) The links of the MELM are regarded as an 
absolutely tigid levers of the body's mechanical system 
(the spinal column as well); 
2) The model links are connected each other via the 
ideal joints; 
3) The gcometdc parmnctrs of the model arc based on 
the static anthropometry data. 

Two kinds of anthropometiic dimensions. static and 
dynamic, arc related to the practical problems of 
design cngineeling. Static dimensions. which arc taken 
with the body of the subjects in ligid standardized 
positions, arc easily obtained and used in design. For 
example, the lengths of the separate body segments are 
the static datiL This klnd of mcasnrc-mcnts arc nscd in 
the development or the mnlticlcment human body 
models. The body dimensions, which change their 
value dming angular or linear displacemcnls or the 
measured link are the dynamic data. The dynamic 
dimensions. which arc taken with the body in vadous 
working positions and functional ann and leg reaches. 
are usually more complex and difficult to measure. Our 
model was built with the using of the assumptions 
which have been mentioned above. The spinal link 
was considered as a rigid SC!,rtnetH and the shoulder 
joint was modelled as an ideal joints. Besides that the 
measurements of the ann length (H

12 
in our database) 

were made by using the distance between the akromial 
point on the human body and the appropriate point on 
the hand. It is a static measurement. 

The using of the MELM in the crew station design 
have one troublesome feature. It consists of the certain 
mismatch of the wmk space evaluation results obtained 
by means or the MELM am! the measuting which 
were held with the real humans («live dummies»). 
This fact is well known to the experts. For example, 
we can read the following sentence in the document 
MIL-STD-!333B («Aircrcw Station Geometry For 
Military Aircraft>>): 

«Consideration shall be given to cli!Tcrcnccs between 
link model data (e.g. shoulder pivot point) and classical 
anthropometric data (e.g. functional ann reach) 
speci11cd by the acqucdng activity». 

This sentence m.ay be found in the Notes to 11vc 
Figures which arc included into inlo this standard: 

Reach zones -minimum link percentile; 
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Propulsion control geometry: 
Collective control geometty; 
Yaw control pedals - forward range; 
Yaw control pedals - aft range. 

In fact, the question is about the main difference 
between two kinds of the anthropomettic information. 
«Functional mm reach, a dynamic dimension, is not a 
simple detivative of anatomical am1 length. Rather, it 
is a composite function of such factors as shoulder 
height, shoulder breadth, the length of the vatious 
segments of the ann and hand, and the range of motion 
at the shoulder, elbow, wtist and fingers>>, Reference 
10. 

In other words, we are trying to use the MELM, the 
simple static model, for the dctemlination of the outer 
limits of the workplace or <<space envelopes>> for the 
placement of controls. However, this limits and 
envelopes are the results of dynamic anthropometry. 

As far as we had known about this matter we 
compared the link model data with the dynamic 
anthropometric mcasuremt:nts, which were available to 
us. lt is meant the functional am1 reach data obtained 
in the study or the groupe of 100 Air Force pilots. 
This inestigation was held by the Air Force experts in 
area of imthropomctry and biomechanics in the scope 
or the program of measurement of 2000 pilots for 
creation standards and guidances for the aircraft crew 
station design. Our computer anthropometdc database 
(static human-body dimensions) is based on the results 
or this program, which were kindly given us by tllis 
experts. So it is possible to consider such a compaxison 
as a correct one. The concctness was guaranteed by 
the unity of population, ptinciples, tools, and methods 
or the measurements in both groups. The rnctodology 
of this program of the anthropomcuic measurements is 
stated in the Reference 1 I. The authors developed the 
special measurement device for eanying out of tltis 
dinamic measurements, to simulate pilot~s workplace. 
The so-named coordinate method of the 
anthropometric measurements with the rectangular­
sphctiea\ coordinl'ltc system (Seat Reference Point as a 
center) was used eluting the study. Fig. 4 shows the 
conditions of this measurements. Since the results 
were presented in the fonn of two groups of three 
reach envelopes (minimum, medium, and maximum 
reach envelopes for pilots both in light and in special 
clothing), the proposition to model this envelopes by 
means of computer graphic methods for the 
placement of controls appeared. Such an approach 
seems attractive due to it's simplicity and the prcscns 
of the rcqucrcmcnt data. However, this approach will 
have one serious defect if the conditions on the pilot's 
workplace arc eli ffcrcnt as comparcdto those of the 
anthropometric device. 
This difTcrcnccs arc following: 



* The ann reach measurements arc related only to the 
scat with the back angle of 17 dcg., whereas this scat 
back angle of modem helicopters may be rather 
different; 
* Only one kind of the ann rench - the Easy Functional 
Reach (i.e. Restraint Harness Locked) was measured; 
* The am1 reach measurements are related only to the 
unadjustablc scat. The requirement of the aligning of 
pilot's eyes with the horisontal vision line of the 
aircraft, prescribed by Russian standard, didn't catTy 
out dming the measurements. Therefore, the space 
locations of the centers of shoulder joints (CSJ) of the 
subjects with different anthropometric dimensions 
didn't correspond with the space locations of the CSJ 
in the real flight conditions. 
* The illln reach measurements give the infonnation 
related only to single type of the Functional Reach -
the reach with the grasp of the switch by I, II, and Ill 
fingers. It is possible to <!cline at least three types of 
mn1 and finger configurations (it depends on the control 
design) in the real cabin environment. This 
consideration gives the differences in the effective ann 
lengths. 

If this measurement conditions are reproduced for the 
MELM, it is possible to obtain the comparable data 
concerning to the ann reach zones in the same 
coordinate system: the height above SRP and the 
azimuth. The dynamic measurements related to 
minimum, medium, and maximum ann reach zones 
were compared with the computation data. which were 
taken with the MELM. The particular model which 
link dimcntions varied within the limits of +/-3 
standard deviations (99.7 % of population for the single 
random value distribution, and 98.9 % for the joint 
distdbution of two random values), was applied. This 
means that in every point of computation the prog-
ram selected such a combination of the anthropomcttic 
parameters which lead to the minimum ann reach. The 
combination of the results of the dynamic 
anthropometric measurements and the results of the 
computation arc presented in Fig.S. The average and 
maximum. of the absolute values of the deviations as 
the function of the hight above SRP arc given in 
Table I related to Fig.S. 

TABLE I 

h average maximum 
height above SRP value of the value of the 

mm cliscrcpa!lCY ,mm discrcpa!Icy,nun 

() 17!.00 325 
200 26.00 148 
400 45.25 81 
600 43.17 76 
800 36.00 74 
1000 60.83 139 
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The comparison leads to unexpected conclusion about 
rather big discrepancies that take place between the 
computation data which were obtained from the MELM 
based on the static anthropometry and the dynamic 
anthropometric measurements. These discrepancies 
have larger valncs on the extreme vertical levels (above 
and espcsially below) and smaller at the middle levels. 
Besides that, this discrepancies have larger values 
within the area of the negative azimuth angles. If take 
into account the fact that the average error of the 
anthropomctlic measurements was of 20 mm, these 
results cause the doubt concerning to the possibility of 
the using of our MELM for the design pmposcs. 

The possible djspl.a£.Gment of the center of sllm!.W.c.r 
jQi_r_u 

What is the reason of the revealed discrepancies ? We 
suppose that the reason is related with the assumptions 
which have been mentioned above. or course, it will 
be nonsense to think that the anatomical lengths of the 
ann and hand segments changes with the motions. 
Therefore, the space location of the center of shoulder 
joint (CSJ) is changed. The question about the possible 
reasons of such a change of the CSJ location will be 
consider below. Now let us try to determine the 
possible displacement of the CSJ. Since we had in our 
disposal the set of the expetimental space reach 
cnelopcs (Fig.5), we tried to restore the possible 
trajectolies of the CSJ while the ann was moving 
horizontally by means of the geometric method. The 
space envelopes of minimum, medium and maximum 
easy functional reach were studied. 

* The effective ann length was computed with taking 
into account the design of switch for every type of 
reach: 
Hmed=H.,med - (L1med - L6med); 
Hmin=H,min - (L,min - L

6
min); 

Hmax=l .. l
12

max - (L
1
max ~ L

6
max), where 

H - effective ann length; 
L,mcd -medium value of the length of lll-rd linger; 
L,med -medium value of the length of 1-st linger; 
L,min, L,max - extreme values of the length of III-rd 
linger, computed by using the regression equation; 
L,min, L

6
max - extreme values of the length of 1-st 

tlnger, computed by using the regression equation; 

* Points were marked on each curve bounding the 
reach zone with the constant interval of 15 deg; 

* The straight-line segment with the length of H*cosA, 
inward directed, and pc1vendicular to the tangent was 
drawn from each point. «A» is the angle between the 
horizontal line and the direction to the point belonged 
the reach zone bounding curve. 

* The ends of the straight~linc segments were joined by 



means of the curve. This curves were considered as the 
horizontal projections of the possible trajectories of the 
CSJ conesponding to the ann movement. 

Of course, we didn't hope to recieve an exact 
infonnation with the aid of such geomettical 
constmctions using the averaged expetimental data. 
But we were able to obtain some qualitative 
pattem. Fig.6a shows the horizontal projection of the 
typical traject01y. It is possible to divide this curve 
into three parts. The part from point I to point 2 -
displacement of the CSJ along the arc; the part from 
point 2 to point 3 - displacement of the CSJ along the 
arc which has the larger curvature; and the part from 
point 3 to point 4 - an abmpt change of the trajectory 
shape («tail» or «loop»). The same geometiical 
constmctions were cartied out for the vertical section 
slices of the atm reach space envelopes. The curves of 
vertical relocation of the CSJ were obtained through 
the same analysis (Fig.6b). It is interesting to note that 
the some increase of the heigtlt of the CSJ which take 
place in the zone from 0 deg from the midplane of the 
body to -45 dcg corresponds with the part of the 
horizontal projection which was called «tail» or «loop». 
It will be interesting to follow the CSJ displacement 
dming the ann movement of a number of human 
subjects. It will provide more precise quantitative data. 
Hovewer, we suppose that our results reflect the reality 
quite conectly. 

So than, dming the movement of the stretched ann 
along any hotizontal plane for the dynamic 
anthropometry measurements tllc CSJ didn't stay fixed, 
but moved along complex tragectory. This fact lcds to 
the discrepancy between the measurements and the 
results obtained with the aid of the MELM based on 
the 3 assumptions which have been mentioned above. 

The probable hiomcchanical causes of the CSJ 
displacement 

We suspect this discrepancy is related with the 
simplifications in the human model design which take 
place because of the deficiency in the required 
anthropometric data. In the ideal case we will need the 
database of a big number of the measurements which 
are taken with the human subjects of a rather big 
population. In actual fact there arc 148 movablcboncs, 
29 joints with three degree of freedom, 33 joints with 
two degrees of freedom, and 85 joints with one 
degree of freedom in the human body. The mechanism 
which is called «Human body» has 244 degrees of 
ti·ecdom ! Fig.? which is taken from the Reference 12 
shows the structural scheme of such a mechanism. 
Hovcwcr, one can say that in accordance with the 
Russian standards and design guidances the easy 
functional reach is related to the posture of crew 
member !I xed by shoulder belts so his shoulder-blades 
arc retained against the scat back. Therefore, it is 
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possible to consider the spinal column as a rigid link. 
In practice this kind of reach «in the pure state>> is 
possible, perhaps, only in one case:in the conditions of 
using of the additional forced restraint system of the 
energy attenuating seat dming the crash of helicopter. 
Tlris system retains the pilot's body against the seat in 
live points with the force 50 of KG applied in every 
point. The CSJ is practically motionless and the results 
of computation with tl1e aid of the MELM are conect 
for this case. Hovewer, during the functional reach 
measmements wlrich have been discussed above the 
hamcss system didn't exclude some limited mobility 
of the spinal column. 

Beeides the flexible spinal colunm, the movable 
shoulder does it's bit to the CSJ displacement. The 
shoulder is a rather complex «mechanism» which links 
arc articulated by means of 5 joints (see Fig.8 which 
is taken from the Reference 13). 

One more simplitlcation should be considered. Tite 
ideal joints are meant. As a matter of fact, real joints 
are 
very complex «designs>>. First, the surface of the joint 
is not a surface of sphere or cylinder. The location of 
instant rotation axises may change constantly because 
of the imperfect congmence of the joint surfaces. 
Second, the surfaces of two bones come into the 
contact with each other and are kept in the state of the 
contact through the attached tnuscles, tendons, and 
ligaments. Hovewer, the muscles, tendons, and 
igamcnts are «transfonning designs», and it may be 
such conditions of motion when the two joint surfaces 
stop to contact. But even if the contact is not lost, the 
conjuction allows tree types of motion: rolling, sliding, 
and combination of rolling and sliding, Reference 14, 
15. 

Let us to return to the Fig.6 with taking into account 
this considerations. It is possible to propose the idea 
that the three sections of the hotizontal projection of 
the trajectory of the CSJ are explained by the 
successive influences of the different biomechanic 
causes. For example, the section l-2 may be explained 
by the motion of the CSJ along the arc because of the 
spinal twisting; the section 2-3 is the motion of the CSJ 
because of the shoulder «mechanism»; and the section 
3-4 is the motion of the CSJ which is caused by the 
simultaneous functioning of the shoulder 
«mechanism» and the spinal twisting (becides that, the 
involuntary ann bend in the elbow joint is also 
possible). 

It is possible that the future progress in the area of the 
computer modelling of human body will be connected 
with the full account and usage of all this properties. 
But it should be noted that in addition to the computer 
technologies it will require a considerably more 
detailed and, therefore, more expensive anthropometiic 



studies. Mathematically, it means the necessity of the 
consideration of the vmiations and statistical 
regulatities of the all quantitative anthropomctlic 
charactedstics. 

The altemativc path 

It is clear that the path of the direct modelling of the 
flexible spinal colunm, which consists of a number of 
segments, the shoulder mechanism, and real joints 
will lead to the such a situation when the using of the 
complex model will be postponed for an indetinite 
time. Deetning it as a necessary path we propose the 
alternative which allows, we hope, to use the today's 
simple link model with an additional block. 

We set up the hypothesis that the spinal !1exibility, the 
shoulder mobility, and the differences between the 
real and the ideal joints lead to the change of the CSJ 
location as compare with that predicted by means of 
the MELM. Finally, all this sophistications arc just 
needed for more accuracy prediction of the CSJ 
location. The comparison of the dynamic 
anthropometry measurements with the results of 
computation leads to the disclosure of some 
mathematical rcgulatity which considerably facilitates 
the problems. We computed the tield of displacements 
of the CSJ in the direction dctcnnincd by the ann 
angle from the midplane of the body (azimuth) and the 
hight above the SRP. The 11xed CSJ of the MELM 
was considered as a center of the displacements. This 
computations were carried out for the medium and 
minimum arm reach groups. Fig.9a and Fig.9h show 
the results of this computations. It is clear that the 
curves look like sinusoicls. It is possible to approximate 
this rcgulalitics by means of the sinusoid equation in 
general fonn: 

PP = A + B*cos[C*(W + D)J, where 

PP is the displacement of the CSJ, mm; 
W is the ann angle from the midplane of the body; 
A,B,C,D arc the cocflicieuts which depend ou h; 
h is the height above the Scat Reference Point. 

The curves representing the changes of the 
cocflicicts A,B,C,D versus height above the SRP arc 
shown in the Fig.lO. The next stage is the 
approximation of the obtained relationships with the 
aiel of 2-D curve equation. 

y = +/- (r,*h' + r,*h + !)'" + J/h + r,. where 

Y is one or the cocrtlcicnts A,B,C.D; 
h is the height above the SRP; 
f, ..... l~ arc the coeflicicnts or the 2-D curve. 

Therefore, the sinusoid expressed the relationship 
between the CSJ displacement and the height above t!w 
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SRP is the aided block of the MELM for the more 
exact prediction of the CSJ location. We tcnn it «the 
Block of matching with the dynamic anthropometry 
data>>. We suppose that the relative simplicity of tllis 
approximation is the indirect evidence for the 
concctncss of our presumption concemed to the 
causes of the mismatch. Fig. The improved MELM 
is provided with the additional paramel!ical link PP 
(the CSJ displacement). The validation of the improved 
MELM (i.e. comparison of the results of computation 
with the measurements) shows the satisfactory 
coincidence (sec Tabl.2). Maximum discrepancy 
docsn' t exceed the enor of the measurements (15 nun). 

TABLE 2 

h average maximum 
height above SRP value of the value of the 

nun discrepancy, nun discrepancy, ll'llll 

0 1.33 4 
200 4.00 9 
400 4.50 14 
600 4.08 12 
800 6.00 14 
1000 2.75 7 

Conclusions 

The work on the such a complex tool as the 
computclized human body model is continuing. 
Hovcwcr. we still usc the described version of the 
MELM in the design of helicopter crew stations. 
Fig.ll shows the possibilities which the program gives 
to the HF-cngincers for the analysis or design of the 
«pilot-flicndly» workspace. The concrete example of 
the reach analysis of the valiant of the control panel 
carded out dming the development of the crew 
station of the Ml-38 is presented in the Fig.12. 
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ANTHROPOMETRY DATABASE 

I STATISTICAL PROCESSING SYSTEM I 

~ 
HF-OES!GN PROBLEM -- I MATHEMATICAL HUMAN·BODY I r-- "ELECTRONIC MOCKUP" 
!.Type of the par1icular parametric model MODEL 
2. Parahieters of the model 

COMPUTER SYSTEM OF THE ERGONOMIC 
EVALUATION AND WORKSPACE ANALYSIS 

EVALUATION/ ANALYSIS t 
EVALUATION OF ALL TYPES EVALUATION OF THE WORK POSTURE 

OF FUNCTIONAL +-- USING THE INTEGRAL CRITERION DETERMINATION OF SPACE 
- REACH IN THE FORM Of TKE JO\NT ANGLES 1- REACH ENVELOPES 

OF THE INTEGRAL CURVES 

EVALUATION OF THE YAW CONTROL 
DETERMINATION OF 3·0 ZONES 

f- DETERMINATION OF THE REACH f- FOR THE PLACEMENT OF 

LIMJTS ON THE WORK SURFACES 
PEDALS USING THE CRITERION r- TH£:. FUGHT CONTROLS 

OF THE JOINT ANGLES USING THE COMFORTABLE 
WORKING POSTURE CRITERION 

EVALUAliON OF THE PLACEMENT OF DETERMINATION OF THE 

i EVALUATION OF THE REACH f- THE SEPARATE CONTROLS USING 
i- REQUIRED 

OF THE SEPARATE CONTROLS I I I THE JOINT ANGLES CRITERION RANGES OF THE PILOT'S I I SEAT ADJUSTMENT 

Fig.! Stntcture of the crewstation design support system 

H, - the height of eyes above the seat (the independent 
parameter) and 
H., - the ann length. 

Fig.2. The paramellic model for the arm reach tasks. 
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Fig. 4. Conditions of the dynamic 
body measure~ents 
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Fig.5. Combination of the anthropometlic measurements 
and the results of the computation 
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Fig. 6a. Holizontal projection of the CSJ displacement 

I' !"-
roJ 

9)) 

. 

45" 

• • • -•st -30' -1s- o 1se 3o +r:! eo 75' rot 1os 120• 

azimuth 

Fig. 6b. Vertical relocation of tlJe CSJ 

60° 

75° 

105° 

120° 

I I I II I Fig. 7. Stn!Ctural scheme of tl1e mechanical 
human body model Fig. 8. Links and joints of the shoulder "mechanism" 

7.1 J 



150 b a 

~ minimum reach ~ medium reach 

.,_ .,_ 
c c 
<1l <1l 
E E 
<1l <1l 
u u 

" " 
a. a. 
"' h,mm "' 50 

"U 0 "U ..., ..., 25 h,mm 
I.J I.J 0 

azimuth, deg azimuth, deg 

h is the height above the SPR (ann elevation) 

Fig. 9. The CSJ displacement VS the angle from the midplane of the body (azimuth) 
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Fig. 10. The coefficients of the sinusoid VS height above the SRP (ann elevation) 
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INPUT OF lliE GEOMEJRY DATA OF 
TUE EXISTING IIEllCOPmR COCKPIT 

GIVING A HORIZONTAL PLANE 

GRIP/LEVER REAOI 

Fig.!!. The "tree" of possible variants of workspace evaluation/analysis 
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Fig. 12. The example of the reach analysis of the control panel 
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