
EXPERIMENTAL STUDY OF THE AGGRESSIVENESS OF PARALELL SLIDING DOORS ON THE 
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In modern systems of pub lic transport the running expenses can be  noticeab ly 
reduced thanks to a more and more developed automation, whi ls t  flexib i l ity 
and reli ab i lity are increased. · 

In the VAL0 0 transport system, with J s afety purpose in mind, the acces s to 
the vehicle has been made poss ib l e  as it  is for a lift thanks to a fully automat ic 
drive and on account of  the precis ion of stops in stations . 
The passengers are kept away from the track by a partitii.o.n located at the 
platform edge and provided with s l iding doors . 
The vehicle is equipped with s imilar ' sliding doors which come in front of  
those of  the plat form when the veh icle s tops in  the station (Fig 1 ) .  
Under normal working condit ions , the axes of vehicle and station doors 
coincide. However,  an offset of 30 cm maximum between the vehicle and 
p latform doors may b e  tolerated . In this cas e ,  the s imultaneous closure of 
vehicle and s tation doors may induce a shearing type loading on the pas senger 
remaining caught b etween. 

In particular ,  it could be thought that i t  would be the case for the upper 
limb mainly considering the space between door planes ( about 20 cm) and the 
passenger behaviour when coming in and out'. 
Bending forces , even s light ,  app lied to e lbow and wrist  j oint s ,  induce 
important loadings which may result in isolated or associated les ions such 
as sprains , dis locations or fract�res . 

Therefore , the inj ury risk for the passenger had to b e  assessed in this 
configuration to decide whether the device working had to b e  modified b e f  ore 
putting the vehicle into service. 

I .  DESCRIPTION AND WORKING OF THE CLOSING SYSTEM. 

Each door i s  made of two folding p anels (weighing 40 Kg each for the 
s tation and 48 Kg each for the vehicle ) . 
The s tation doors are p lane whereas the vehicle doors are curved s o  that the 
space between both door s , which is about IO cm wide at the ground leve l 
reaches 20 cm at I . 4m above the ground . 
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0 0  Light automated vehicle for the urban transport system of the city of  
Lille .  



• ' fi 
' i !  
' !  
l 

F i qure 1 - Communi c a t i n g  s l i d i ng doors between s ta t i o n  and tra i n .  
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The four folding pane ls are b ordered with a sectional j oint of  hard 
rubber all  along their inner edge (Figure I) . 

When clos ing, a pneumatic j ack pushes the folding panels one towards the 
other till  both inner edges come into contact .  The j ack thrus t is of about 
I70 N .  In the clos ing sequence , there is a s light delay in the vehicle 
door c losure with respect to  the s tation door one .  

When an obs tacle impedes the complete closure o f  doors , a detecting device 
coupled with the j ack makes the thrus t to be reduced to 60N in a one second 
period . 
After a few second s ,  the normal clos ing thrus t s tarts  again. This  thrust 
s tops only when the doors are comp let�ly closed and locked:  The usual 
c losure speed is of about . 7  m/ s for �he station door s ,  and a little  less 
for the vehicle doors . 

2 .  METHODOLOGY 

Owing to the fact that no much time was availab le  ,.to carry out this 
study, it . .  was not pos sib le to  make a thorough. b ib liograpliical r esearch . 
As far as we know, i t  s eems that there is no av�i l able  data concerning the 
upper l imb tolerance corresponding to the described s i tuation or to any 
s irni lar one . 

This being so ,it  seemed to  us that the only possib le way was an experimental 
evaluat ion of the injury risk through a small number of tests performed on the 
real s i te with a human mode l  as reliable  as possib le ; the use of volunteers 
being out of ques tion .  

2 . I  Tes ted conf igurations 

The main situations pres enting a r isk can be  summed up by the four 
configurations shown on Figure 2 .  

In configuration I ,  stresses are app lied to both sides o f  the elbow j oint s o  
that the rnovement overpasses the physiological stop .  

In configuration 2 ,  the torque i s  applied t o  the forearm only. 

In configurations 3 and 4 ,  the wri s t  j oint is involved in two different 
positions : the hand firs t is semi-prone (hand palm in a vertical plane , 
thumb up) , and , second the hand is prone (hand palm horizontal and fac ing 
downward) . 

Since station and vehicle doors are not identi cal ( as to  their  mas s ,  clos ing 
speed , nature o f  the j oint, and so on . . •  ) at first it was planned to test  
the 4 configurations , wi th the b ody outs ide the vehicle ,  and then inside 
the vehicle .  But after pre liminary tests were performed with a dummy arm, the 
second configuration with b ody in� ide the vehicle was given up , s ince the 
aggress iveness in this c as e  seemed to be less important than in the first one 
because of the time lag between the closure of the two types of doors . 
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The off-set between the door axes was set  at 30 cm on one s ide or the other 
depending whether a left or a right arm was used. 

2 . 2 .  Experimental mode l .  

Owing to the lack of data t o  predict  the inj ury level from a physical 
p arameter the model used should directly indicate the damage sus tained by the 
passenger . In this c ase ,  the best mode l  is a limb taken off a human body . 
On an average, the sub j ects were 70 years o ld .  
On the whole,  8 left and r ight arms coming from 4 fresh cadavers were used 
(2 female : 1 and 4 - 2 male : 2 and 3) . All precautions were taken so that 
no previous dise�se could have an incidence on the resi stance of the limbs 
used . 

The model part corresponding t o  the rest of the body is represented .by 
a suppor t ,  made of wood and sheet steel ,  which reproduces the weight  and 
inertia characteris tics of an average person (weight of about 65 kg, centre 
of gravity at 90 cm above the ground , moments  of inertia of 17 m2 Kg around 
both horizontal axes and of I m2 Kg around the vertical axis ) . 

The support and limb are j oined together at I . 40m above the ground 
through an universal  j oint which provides the arm with 3 degrees of freedom. 
On the arm side, the j oint is bolted to a steel cylinder fil led with p l as t er 
into which the humerus head is embedded (Fig 3 ) . The arm remains horizontal 
by mean� of a s tr ing to  the vehicle ceiling. 

2 . 3 .  Measurements 

The tests were fi lmed with a high speed cinephotographic c amera ( 200 
frames /second) located between the door planes above the contact area 
b etween doors and limb at about 2m above the ground . 
Optical t argets were stuck on the door surface s o  that the door speed at 
the contact moment could be c alculated . 
Since obs t acle detect ion is made at the actuator level ,  the door edges are 
�ot fitted with f orce detec tors ; moreover as it was necess ary to perform 
these tes ts  under r eal working conditions , it was not · pbseib le to modify 
the doors ( the j oints could nct be r emoved) t o  measure the forces app lied to 
the limb . Therefor e ,  it was tried to estimate these ones from acceleration 
measured on doors through ·4 uni- axial accelerometers fixed on · the folding panels . 

2 . 4 . Research o f  injuries : 

Inj uries sus tained by the limbs were looked for first by c l inical exami
nat ion in order to  find possib l e  abnormal pass ive mob i l ity, second by comparing 
X ray pictures t aken before and after the tests , thir.d by a careful post
mortero examination. 
This one was c arried out by Professor MORIN from the Laborat oire d ' Anatomie de 
la  Faculte de  Medecine de Lyon . 
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I I .  RESULTS 

2 . I  Fi lm data.  

The sequence of events i s  practically the s ame for all  the tes t s .  
The s ta t i on doors begin t o  open first  and then are the f i r s t  t o  impact with 
the l imb .  In mos t  of the cas e s ,  the contac t between the l imb and b oth folding 
pan e l s  of the s tation doors occurs j u s t  as (or s l ightly before) the folding 
panel of the vehicle door touches the arm. What happens then depends on the 
pos i t i on of the impact points on the l imb .  In configurations I and 2 ,  the 
vehic le door is s topped by the forearm and the whole swings round a balance 
pos i t ion due to the success ive thrus ts exerted by the vehicle door actuator . 
In conf i gurations 3 and 4 ,  the vehicle  door is s l ackened and even s omet imes 
s t opped by the wri s t ,  but when the loading s t arts again, e i ther hyperflexion or 
hyperextension of the wris t  occurs and then the door goes on c losing . 
For two tes t s ,  ( 4  and 5) , the initial ( t=O at the f i r s t  c ontac t ) , intermediate 
and f inal posit ions of the l imb s and doors are shown on f igure 4 and 5 .  

2 . 2  Acc e lerat i on data 

The trends of accelerat i on curves are d i f ferent for station doors and 
veh i c l e  doors . These are schematically shown on F i gure 6 .  

When c on s idering the station door , after a lang acceleration phas e ,  of l ow 
amp l i tude .  the contact wi th the l imb only results in a sma l l  dece. leration owing 
to the high ab i l ity of motion of the l imb and to the ratio of the involved 
mas s es . The highest decelerat ion peak is re lated to the impact with the 2nd 

f o l d ing p ane l .  In this cas e ,  only a transverse compress ive load is app l ied to 
the l imb . 

Sometime s ,  there is a second peak resu l t ing from a rebound . In some cases 
(tests  2 and 6) , both fold ing panels (veh i c l e  and s tat ion) impact with the 
limb at the same t ime . Then, the door l oadin� give r i s e  to an important torque 
at the e lbow leve l .  

When considering the vehi c l e  door , the motion i s  s l ightly delayed (:!200 
to 300 ms ) .  The deceleration due to the s t op by the l imb is  more or less  high 
according to the configuration .  Then, one or several acceleiat ion p�ases fol lowed 
by s t op decelerat ions may occur . At l a s t ,  a decelerat ion peak due to the complete 
door c l osure is  observed if  the l imb escape s .  

T o  e s t imate the l evel of the load (force and torque) app l ied t o  the 
l imb , aiming at estab l ishing a relation ship with the severity of injuri e s ,  
a l l  the involved mechanical actions should b e  measured . For that purpose , the 
�o:metrical arrangement and the inertial  properties of the various components, 
the prop e l l ing force of the d oor actuators and the fr ictional : forces would 
have to be known .prec isely . 
Since the s e  data are not ava i l ab le-, only a rough value of  the load can b e  
c a lcu lated us ing the mass x accelerat ion · cross product of  the doo r .  Values 
measured during the tests  and corresponding load values are given in tab l e  ! .  

2 6 1  
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t = O  

t : 2 0 0  m s  

t = 650 
m s  

Figure 4 - Ci nephotograph i c  data from test 4 .  



t = 0 

t= 135 m s  

t = 515 m s  

Fi gure 5 - C i nephoto�raphi c data from test 5 .  
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2 . 3 .  Necropsy data (Tab le 2)  

When c ons idering the results from post-mar tern examination ,  on the whole 
4 out of the 8 l imbs d o  not show any les i on .  For the others the examination 
reveals inj uries of  e lb ow and wri s t  mainly . 

Elbow inj uries : 

The e lb ow art icul ar capsule of  l imb 1 D .was inj ured , whi ch , a prior i ,  does 
not seem to correspond to the cond i t ions specified for this test ( the load 
should have been app lied at the forearm l eve l ) . As a matter of fac t ,  the 
film analysis shows tha t ,  at fir!;t ·, the " liinb was corrP.ctly posit ionned ( as 
p lanned ) , b ut i t  s l ipped during the t e s t ,  so  that the l oad was app l ied at the 
e lb ow l eve l ,  whi ch-, at l a s t ,  resulted in an impor t ant an�le between arm and 
forearm. A s imi l ar although less impor t ant e lb ow inj ury was found in l imb 
2G.  This type of  inj ury i s  shown on Fig 7 .  

As far as there is no ligamentary lesion,  these e lb ow inj ur ies are redu
ced t o  capsulary l e s i ons which are t o  recover spontaneously ; they are of 
the s ame type as the c ommon "housemaid ' s  knee" that every b ody knows . 

Wr i s t  inj ur ies : 

They were found in 3 tests ( 2 G ,  2D,  4G) . They are more serious than 
elbow inj uries b ecause b es ide capsular lesions , they include l igarnentarv 
tears c ons t i tuing sprains responsib le for an abnormal rnob i l ity between the 
art i c u l ar surfaces and resulting in a sub luxation.  Sprains of the l ower 
rad io-ulnar l igarnents with interar t i cu l ar fibro- cart i l age

. 
involvement (see  

F i g  8) , are common ly due t o  a wri s t  hyperextens ion (which corresponds in fact 
with our test cond i t ions) .  lt seems o ften d i fficult to restore the l igament 
funct i on and according t o  COLEMAN , ( 0 0 ) the exeresis is sometimes necess ary . 

Concerning wr i s t ,  it can b e  then noted that i t  is  at least neces s ary to 
keep it at rest in a p las ter cast because of  the irnportant mob i l i ty due to 
the ligament tear and s ometimes surgical repair is needed . 

The musc l e  bruise area seen on the forearm 2 G  is  not by i t s e l f  an impor
tant factor of severity . S o ,  this les ion w i l l  not be overs tressed.  

CONCLUSIONS 

Res u l ts of the 8 tests p er formed on the s i te with human arms show that , 
according to the tes ted configurations . the rnore aggress ive fac t or of the 
door c l os ing device in VAL system is the thrust exerted by the doors and not 
as it could be thought , the dynami c l oading due to the door impact . 

( 0 0 )  COLEMAN N . E .  J . Bone and Joint Surgery , 1960,  42-B, 3, p . p .  5 2 2-529.  
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TEST ARM i Veh i c l e  door measured accelerations and cal cul ated forces : 

NUMBER 
• - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ;  INJURIES 

NUMBER 0 lst IMPACT : RESTARTING DOOR : 2nd IMPACT : :- - - - - - - - - - - - - - - - - - -
1 

- - - - - - - - - - - - - - - - - - - -
1 

- - - - - - - - - - - - - - - - - - - - -
1 

:oECELERATION : FORCE : ACCELERATION : FORCE :oECELERATION : FORCE : 

( m/s
2 ) i ( N ) l . ( m/s2 ) i ( N ) i ( m/s

2 ) l ( N ) i 
1 1 1 ' 1 1 1 
1 1 1 1 1 1 1 - - - - - - - - - - - - i - - - - - - - - - - - � - - - - - - - - - - - - � - - - - - - � - - - - - - - - - - - - - � - - - - - - - � - - - - - - - - - - - - � - - - - - - - - - � - - - - - - - - - - - - - - - - - �  

1 1 
1 1 

: 1-L 3 . 3  158 2 . 3  110 no i njury : 
1 1 
1 1 
1 1 

: 2 3-L 4 . 5  216 2 . 0  96 3 . 9  187 ELBOW ' 
1 
1 
1 
1 

3 4-L 

4 2-L 

5 3-R 

6 1-R 

7 2-R 

8 4-R 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 . 3  

2 . 1  

2 . 3  

0 . 7  

0 . 2  

108 1 .  5 

100 

108 2 . 8  

34 

24 

1 1 

72 4 . 5  216 

4 . 5  216 

134 

3 . 7  178 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - - - � - -

1 
1 

Tabl e 1 - Data from accel eration measurements . 

TEST NUMBER ARM : AUTOPSY FINDINGS 
1 1 

WRIST 

ELBOW + WRIST 

no i njury 

ELBOW 

WRIST 

no injury 

-------------L------�---------------------------------------------------------------------------------------
1 
1 

lL : No l es i o n .  
1 
1 2 3L : No l esion 

3 

4 

5 

6 

7 

8 
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4L 

2L 

3R 

lR 

2R 

4R 

1 

El bow and forearm : no lesion. 

lfri st : rather important mobi l i ty of the l ower radio-ulnar joint resul ting 

from tears of the anterior l i gaments joining the two bones without 

fibro-cartil age invol vement. 

El bow : tear of 2mm length on the front capsular plane. 

Forearm : muscle bruise at the level of pronator quadratus muscl e .  

�lr i s t  : sma l l  anterior tear of capsule and l i gament, crush and d i l aceration of 

radio-ul nar l i gament and interarticular fibro-cart i l age. 

No l es i o n .  

El bow : tear of about 3cm l ength on the front capsular plane in front o f  the 

humeroulnar joint.  

Forearm and wrist no l es ion . 

El bow and forearm no l esion.  

Wrist : sma l l  anterior tear of
.
capsule and l i gament, tear and crush o f  radio-ulnar . 

l i gament and interarticu l ar fibro-cartil age giving a high abnormal mobi l i ty 

of the proximal carpal. row, carti l age avulsion at the convexi ty of the l unate. 

No l es ion . 

Tabl e 2 - Data from autopsy . 
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The injuries sus tained by the tested arms consist  in spr.ains of  the 
wrist  for the most part and in e lbow lesions to a lower extent . 

lt seems difficult ,  from these result s ,  to draw a t olerance value for 
the human upper l imb f irs t ,  because the s tati c  load . was not measured during 
the tests and second , b ecause the number of tests is not sufficient conside
ring the scatter of resis tive characteristics of b ones and ligaments . 

Moreover ,  the used subj ects are too old to make the s amp le representa
tive of  the passenger population. A prior i ,  the experimental sub j ects  probably 
show a more pes simis tic behavi our compared with a healthy adult person. 

This  is not neces sarily true for children whose resist ance is not 
wel l  known , but for whom the after-effects of an arm inj ury may be less  
severe ; bes ides , they can b e  inj uied in a different way considering their 
smaller height.  

· 

At las t ,  the subj ects used in these tests were of  course perfectly iner t .  
A passenger placed in the s ame condit ions surely would try t o  free himself  and. 
at least would oppose a co-ordinated muscu lar res istance to preserve his hand 
from the door action .  However , it has. to b e  kept in mind that a limb may 
remain caught for example  because of  a luggage which is held in hand . 
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