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ABSTRACT 

Testi n g  with Post Martern Test Subjects (PMTS) has been c a rried out  

with different s idebag systems at  the institutes of Forensic Medic ine i n  

Heide lberg and H anov
.
er .  Two systems, seat-mounted and door-mounted, 

were tested i n  crit ical  seating positions with different testi n g  procedures: 

static deployment tests, and dynamic impact tests into the door.  The 

PMTS, equipped with three-dimensional accelerometers near the shoulder 

j oint,  the wrist,  the e lbow, the thorax, and the pelvis,  were examined after 
the tests. 

The experiments produced the fol lowing result :  N either s ign if icant 

addit ional  injuries c a used by the sidebag in the impact tests nor s ignif icant 

injuries dur ing the inf lat ion tests could be observed b y  a utopsy after t h e  
tests. 

The goal of  this study was to estimate the injury risk due to warst 

case situations for the driver or passenger. Therefore, the results m a y  not 

be used for effic iency studies of s i debags.  

SIDE I M PACTS HAVE a great risk to the l ife of car occupants, especial ly 

for the near-s ide occupants.  The mostly injured body regions a re the head, 

ehest, and abdomen (Zeidler,  1 994) . Body shel l measures are restricted 

because of the l i mited deformation zone in the side. Therefore it  is urgently 

necessa ry to offer addit ional protection with paddings and /or s idebags.  

Bag systems have the great advantage that  they only s hould i nflate i f  
the passenger needs them . In normal driving situations the bags a re h i dden 

behind the instrument panel (front bag) or the door tr im (s ide bag) . The 
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m a i n  disadvantage of these systems cou l d  be the aggressivity caused by 

high kinet ic energy dur ing inf lat ion.  

Same real  world acc idents with tr iggered front a i rbags a n d  occupants 

in  out-of-posit ion or infa nts in  rearward fac ing chi ld  seats conf irm e d  the 

aggressivity in  terms of fata l it ies . Car m a n ufacturers a n d  the suppl iers 

reacted with less aggressive gas generators, reduced m ass of the bag itself 
and deactivation devices to cut off the a i rbag deployment . To avoid  the 

d isadvantages observed i n  some accidents with front bags a n d  o u t-of
posit ion seated occupants,  a major goal dur ing the development p rocess of 

s idebags was the carrying out of tests with post martern subjects in  o ut-of

posit ion to sidebags located in  the door and at the backrest of the seat.  

TESTS WITH A DOOR-MOU NTED SYSTEM 

The tested bags were made by Phoenix with a volume of about 1 6  

l itres. The gas generators were produced by TEM I C .  A g reat advantage of  

this system is that no addit ional cover f laps are necessary. The bag u n it is  

on ly  covered by the door  tr im,  where tearing seams a re located to avoid an 

addit ional  risk of injur ies caused by a i rbag f laps.  This  mechanism is  wei l  

known from the driver front bag,  where f l i ng i n g  covers a n d  the bag itself 

hit the forearm dur ing an onehand turn crossover m aneuver (Huelke et a l ,  

1 994, Crandal l  e t  a l ,  1 997) . F igure 1 shows an inf lated s idebag u n i t .  

Figure 1 - Door-mounted inflated sidebag unit 

TEST C O N D ITIONS A N D  I NSTRUMENTAT I O N  - Stat ic i nf lat ion tests 

a n d  dynamic s ied tests (fi g . 2 )  with a FMVSS 2 1 4-c h aracteristic at 54 kph 

were performed.  To s i m u l ate the door i ntrus i o n  during the sied test,  a 

specia l  i m pactor with a contact area of 400 x 400 m m  between impactor 

a n d  c a r  door was used . 
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I m pact device o n  

s ied 

Figure 2 - Test configuration for t h e  tests: (A)  without impact device = static inflation test 
(8) impact device runs into the door at a certain 
speed 

The post m artern test subjects were equ i pped with three-d imensional  

accelerometers at the shoulder jo int ,  e lbow, wrist ( f ig .  3),  a n d  i n  some 

tests at  the head, ehest, and pelv i s .  After preparati o n  they were seated 

into the car in positions from which a r isk was estimated due to accident 

research experts . Each test s u bject was used twice, on the one body s ide 

for  the i nf lat ion test, on the other body side for the dynamic s ied test .  Next 

to the tests an a utopsy with an examinat ion of the upper extrem ities was 

carried out. 

Figure 3 - Equipped test subject, left: positioned in 'forearm o n  armrest, hand in handle ' ,  
right: positioned i n  'elbow o n  armrest, hand o n  belt l ine' 

RESULTS - The fol lowing tables give an overview of the test m atrix 

a nd the m edica l  f ind ings . The used f i lter c l ass for a l l  sensors was CFC600 . 
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T able 1 - Extract of static inflation tests ( 1 G 9 . 8 1  m/s2) 
PMTO Configuration Res. Acceleration in G's lnjury 

Shoulder Elbow Wrist 

male, 80 years, 162 cm, 65 kg forearm on armrest; hand n.a. n.a. n.a. 
Abrasion ofthe thumb and 

in. handle (see fig. 3) 
forefinger 

male, 44 years, 180 cm, 108 kg 
forearm on armrest, hand 

149.8 
in handle {see fig. 3) 

194.9 56.4 no 

male, 87 years, 178 cm, 80 kg 
elbow on armrest, hand 

242.4 213.3 214.9 Abrasion ofthe elbow on belt line (see fig. 3) 
Head Chest Pelvis 

female, 47 years, 1 61 cm, 62 kg head on belt line 57 23.8 0.9 no 

T bl 2 E a e - xtract o f d 1 d 1vnam1c s e . h 'd b d tests w1t SI e aQ ep oyments (1 G = m s  
PMTO Configuration Res. Acceleration in G's lnjury 

Shoulder Elbow Wrist 

male, 80 years, 162 cm, 65 kg forearm on armrest, hand 410.5 343 281 .6 Abrasion or el bow and 
in handle (see fig. 3) fradure of Ire 3rd - 6th rib 

male, 44 years, 100 cm, 108 kg 
elbow on armrest, hand 

98 236.6 235 Abrasion of efbow and 
on belt line (see fig. 3) wrist 

Abrasion of elbow, rib 
male, 87 years, 1 78 cm, 80 kg elbow on armrest, hand 338.4 405.9 200.5 fracture ard stemum 

on bell line (see fig. 3) fraclure 
Head Chest Pelvis 

1 st - 6th rib fradured, 
female, 47 years, 161 cm, 62 kg head on bell line 42.9 68.8 - sternum fracture and 

davide fracture 

T 1 3 ab e - f 1 d Dynam1c re erence s e ' h  tests w1t 'd b (1 G out s1 e ag = 9 8 / 2 1 m s )  
PMTO Configuration Res. Acceleration in G's lnjury 

Shoulder Elbow Wrist 
elbow on armrest, hand 

1 00  236,6 235 
male, 39 years, 17 4 cm, 82 kg on bell line no 

forearm on armrest, hand 
338,4 405,9 280,5 

atrasion of u�r arm, 
male, 57 years, 174 cm, 82 kg in handle stemum fracture 

He ad Chest Pelvis 

male, 84 years, 164 cm, 63 kg head on bell line 24,8 47,5 34,2 multiple rib rractures 

CONCLUSION - Al l  stat ic tests showed no serious r isk of  injuries for 

occupants due to the inf lat ion process. From the h i g h  speed video, n o  

cr it ical  m ovement (that means n o  movement which i s  greater than the 

normal  range of movement of a human being) or bendi n g  of the forearm o r  
h u m erus i s  v is ib le .  The only suffered injuries are m i n o r  abrasions ( A I S  1 )  

because of d i rect contact between the skin t issue and the fabr ic  (Poly a m i d  

6 . 6 ) .  

The results from the dynamic tests showed basical ly only ehest 

inj ur ies (r ib fractures of the severity AIS 3 and AIS 4, and sternum 

fractures ) .  Sony i nj uries of the upper extremities were not observed . 

Compar ing Table 2 and 3,  it is obvious that without s idebag protection the 

same i njury pattern occurs as with s idebags.  From this can be concl uded 
that i n  extreme seating positions l i ke head on belt  l ine no add it ional  r isk 

d u e  to s idebag depl oyment i s  recog nizable. 

Also evident is the great influence of the test subject's a g e .  Whi le  a 

young m a n  (39 years) without sidebag was not i nj u red, a n  old man (87  
years)  suffered r i b  fractures with a sidebag . 
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TESTS WITH A SEAT-MO UNTED SYSTEM 

The seat m ounted system was made by Autol iv .  The bag is f ixed i nto 

the bac krest of  the seat and is on ly  covered b y  a th in  l ayer of  fabric with 

tearing seams.  The vol ume is about  1 2  l i tres with a hybr id  gas generator 

(f ig . 4) . 

TEST C O N D ITIONS AND INSTRUMENTATI O N  - U nfortunately, it was 

not possible to perform dynam i c  sied tests with the seatbag, so that on ly  

four  stat ic  inf lat ion tests are avai lab le .  F igure 5 s hows the conf igurat ion 

'hand i n  handle ' .  

Figure 5 - Test configuration: 'hand in handle' 

The test s u bjects were equipped with three-dimensiona l  

accelerometers at the head,  h umerus, rad ius,  ehest, a n d  pe lv is .  F igure 6 

shows the instrumented arm. After the tests a l l  s u bjects were exam ined 

by autopsy with  special  regard to the upper l i m b s .  
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Figure 6 - Equipped arm 
R E S U L  TS - The m ost im portant f ind ings shows table 4. The filter 

c l asses for the u pper extremity were CFC 1 80, and for the head CFC 1 000. 

Table 4 - Static inflation tests 
PMTO Corllg.iratiai Res. Acceleration in Gs (1G = 9.81 m•s") lnjury 

Upper/Lov.er Upper/LCMer 
Hurnerus Radius TH111H12* Head Pelvis 

male, 45 years, 175 cm, 90 kg le:111ing againsl bell 148.2/165.3 86.9/65.5 16.4/9.2 26.5 15.6 110 
lino 

rrnle, 45 years, 166 cm, 55 kg hancl on the 156.1/68.1 124.6144.2 5.416.8 26.6 11.7 backrest acljusler no 

el bow on anrresl, 

n'Elle, 45 years, 175 cm, 90 kg hancl straight 55.8169.5 76.7/28.6 17.7/4.2 31.5 23.2 no upv.ards (STIOking 
pos�ion) 

foreann on armrest, Ca1lilagc clefed of lhe 
ferrnle, 86 years, 158 cm, 60 kg hancl in handle 1 10.91246.5 143.5199 8.2/26 7.3 12.2 fossa olecrani of the 

arlhrilic elbow joinl (AIS1) 

• 12 acceleromeler rrethod 

C O N C LUS I O N  - The four tests showed no serious r isk of i njur ies due 
to the inf lat ion .  There was only a minor inj u ry of a 86-year o l d  woman, 

who was seated i n  the car with her hand f ixed to the door knob . This 

conf igurat ion was the warst case (est imated by medica l  doctors and 

techn ica l  experts) for  the arm bones, but no fractu re occurre d .  The only 

suffered injury  was a sl ight carti lage defect of the e lbow jo int .  l t  is unclear, 

whether this in jury was caused by the bag or  probably existed before the 

test.  An i nf luence due to the sex can be exc l uded, more probable is  the 

i nf luence of  the age.  For the occupant, this inj u ry would mean pain without 

further necessary treatment. 
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The a n t i c i p ated d y n a m i c  tests c o u l d  not be conducted d u e  to the l a c k  

of test s u bj ects . S o ,  n o  c o n c l u s i o n  c a n  b e  drawn o n  t h e  d y n a m i c  

b e h a v i o u r .  

D I S C U S S I O N  

Both systems s h o w  i n  o ut-of-posit i o n  a n d  extreme seat i n g  p o s 1 t 1 o n s  

no ser i ous a d d i t i o n a l  r i s k  of i nj u r i es d u e  to s t a t i c  i n f l a t i o n .  O ther test s e ries 

( Ka l l i e ris et a l . ,  1 997)  s h ow l i kewise very s i m i l a r  results.  The c o n c l u s i o n  of 
t h e  paper  was that t h e re is  a very low risk of m i n o r  i n f l a t i o n - i n d u c e d  

i nj u ries to t h e  a rm .  

O n  t h e  other  s i d e ,  s i e d  tests with i nt r u s i o n s  i nto t h e  passenger cel l  

caused i n  some cases bony i n j u ries o f  t h e  e h est . This  was independent of 

the dep loyment event because of the obt a i n ed i njur i es d u r i n g  t h e  s i e d  tests 

with a n d  without  s i d e b a g .  
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