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The frontal crash response of the Part 572  3-year o ld child dummy in an 
American child restraint system was compared with that of  a child cadaver in 
a previous study .  In this study a new 3-year old dummy , the P3 which is pre
scribed in the ECE Regulation 44 was cbmpared with both the behaviour of the ' 
Part 572  dummy and that o f  the cadaver . 

In addit ion the MADYMO mathematical crash victim s imulation program was 
used in an extensive sensitivity study for detailed analysis of the d iffer
ences between both dummies .  Simulat ions were performed with varied dummy 
characteristics like mass distribution and joint range of  motions . 

Differences between both dummies and the cadaver were shown and explained 
by means o f  ·the results of the sensitivity study . The kinematical effect of  
the vertebral column of  the cadaver was found to be  s imulated in  a more real
istic way by the P3 than by Part 572  dummy . Some recommendations on how to 
improve future child dummy design are given. 

INTRODUCTION 

Child restraint system designs exhibit widely varying configurations with 
restraint concepts ranging from s imple belt harnesses to  padded impact shields . 
For the evaluation of  the crash performance of these systems several dummy 
types are available . In this study two types for representing the 3-year age 
group will  be compared with each other : the Part 572  and the P3 dummy . 

The Part 572  dummy is prescribed in the United States Regulation FMVSS 2 1 3  
and the P 3  in the ECE Regulation 44 . Bes ide this 3 year o ld dummy three s im
ilar dummies are specified in the ECE Regulation, representing age groups of  
9 months , 6 and 10  years , respectively . 

Performance evaluation of  child dummies is impeded by a lack of  biomechani
cal data on the crash behaviour of  children . The only data available on re
strained child cadavers in wel l-instrumented and wel l-defined crash conditions 
are reported in references ( 1 )  and (2 ) . In reference ( 1 )  the behaviour of four 
child cadavers (age : 2 . 5 ,  : 6 ; . 6 and . 1 1 ) ,  restrained by a lapbelt with impact 
shield were descr ibed . S ignificant differences were reported between the 
f lexion behaviour of the vertebral column of these cadavers and of the two 
dummies (type Alderson VIP-6C) . 
- In reference (2)  the behaviour of  a 6-year child cadaver (with approximate

ly the anthropometry o f  a 4-year old child) in a harnes s  type child restraint 
system was described and compared with the behaviour o f  the Part 572 dummy . 
These tests  were carried out at the Highway Safety Research Inst itute (HSRI) 
in Michigan. In this study s imilar �ifferences between the cadaver and dummy 
vertebral colomn response were observed . 

* Now at the Southwest Research Inst itute , San Antonio , Texas (U . S . A . ) .  
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lt is the objective of  the present study to compare the behaviour of  the 
P3 with the Part 572  and to confrontate the test results with the cadaver 
performance in the HSRI tests . The impact sled tests were carried out in 
ident ical child restraint systems as used in the HSRI-tests . 

The tests at the HSRI were conducted according to the test procedures spec
if ied in the proposed FMVSS 2 1 3  ( 1 974) . Since the test seat prescribed in this 
old standard was not available in our laboratory it was decided to conduct 
the comparison tests according to the specificat ions in the present United 
States child restraint Regulation FMVSS 2 1 3  ( 1 980) . As a consequence the test . 
data can only be compared qualitatively with the cadaver behaviour . 

For explanation of  observed differences in the performance of  both duminies 
a mathematical model will be employed to analyse the pos s ible influence of 
variat ions in the anthropometric characteristics of both duminies . Consequently 
the work reported here, includes a detailed comparison of the most important 
anthropometric data of both dunnnies .  

ANTHROPOMETRY OF THE P3 AND THE PART 5·V2 DUMMY 1 )  

Differences in the dynamical behaviour of the two dunnnies will be mainly 
due to differences in their geometrical and material propertie s .  In this sec
tion a comparison of relevant dimens ions , mass distribution data and joint 
characteristics will be presented . Most of the measurements at the Part 572  
dunnny were carried out at the Highway Safety Research Institute in 1 97 7  and 
were reported earl ier (2) . 

Dimens ions - The most relevant dimensions with respect to the behaviour in 
a frontal collision are sunnnarized in Table 1 and Fig . 1 .  The ·differences in 
dimensions between both dunnnies are found to be small except for distance J 
(top of  head to neck-torso connection) which is found to be 0 . 045 m less for 
the P3 than for the Part 5 7 2 .  
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Side view of  child dunnny 
with dimensions 
(Refer to Table 1 )  

• 

1 )  Part 572  dunnny :  3 year dummy supplied by Alderson Research Laboratories 
(specified in CFR Part 572 , Dec . , 1 979) . 
P3 : 3 year dummy supplied by TNO (specified in ECE Regulation 44) . 
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Tab le 1 Comparison of some Dimensions (refer to Fig .  1 )  

Part 572  3-yr P3 

m m 

Stature 0 . 98 0 . 98 
Sitting height 0 . 57 0 . 56 

A (shoulder center - e lbow center) 0 . 1 25 0 . 1 35 
B (e lbow center - upper most point of hand) 0 . 242 )  � . 1 85 3) 

c (hip center - knee center) 0 . 23 0 . 245 
D (knee center - lower most point 1 )  of foot ) 0 . 245 0 . 245 
E (spine length) 0 . 08 0 . 085 4) 

F (hip center - bottom of spine) 1 0 . 065 0 . 065 
G (hip center - floor) 0 . 06 0 . 055 
H (shoulder center - floor) 0 . 32 0 . 32 
I (neck length) 0 . 080 0 . 064 )  

J (bottom of neck - top of head) 0 . 25 0 . 205 
K (head length) 0 . 1 75 ö . 1 75 

1 )  Dummy with leg and foot at right angles . 
2 )  Fingers are in extension . 
3 )  Fingers are flexed . 
4 )  Distance bottom lower neck ring to center head-neck p ivot . 

Mass distribution - Table 2 presents the mass (accuracy 0 . 0 1  kg) and the 
moment of  intertia of  the dununy segments . The moments of inertia whicb are 
defined about the left-right axis through the center of gravity , are measured 
with a torsional pendulum (3) . Depending on the magnitude of  the moments 
of intertia, the accuracy varied between 1 and 2 %. To facilitate comparison 
between the data from both dununies the values of individual dununy parts in 
the thorax are ass igned to an upper torso part and to a lower torso part . The 
location of the centers of gravity is given in Table 3 .  The accuracy of this 
measurement i s  0 . 0 1  m. 

Joint characteristics  - The analysis  of the joint characteristics of both 
durmnies will be limited to the neck and the spine joint . The design of these 
j oints in both dununies is completely different . 

In the Part 572  durmny the spine and the neck each are represented by one 
rubber cylinder while in the P3 for both joints a set of 5 deformable element s 
is used which are interconnec.ted by a cable (Fig . · 2) . At the top of  the neck 
one extra e lement is connected (representing the atlas-axis joint) on which 
the head is mounted by means of  a hinge joint . As a consequence of these dif
ferent design principles the flexi�il ities of the neck and spine in both dum
mies are not ident ical : the j oints in the P3 are much more flexible than in 
the Part 572  dunnny (see Table 4 ) . 
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Tab le 2 

Table 3 
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Mass and Moments  of Intertia of  the Dunnny Segments 

Segment Mass Moment of Inertia 

Part S72 P3 Part S72 P3 

(kg) (kg) (kg m2 ) 
X 1 0  -3 

(kg m2 ) 
X 1 0  -3 

head 4 )  
2 . 64 2 .  S2S 1 )  1 3 . 0  1 0 . S  

neck 0 . 46 0 . 26 
2 )  

0 . 76 

upper torso 3 ) 4 )  
3 . 4 1  3 . 67 1 6 . 1  

S )  
20 . 0  

lower torso 3) 
2 . 26 2 . 44 s . s  7 . 0  

upper arms 0 . 64 1 . 09 2 . 7  3 . S  

lower arms + hands o . s 1 . 0 . 66 3 . 7  2 . 0  

upper legs 3 . S4 2 . 90S 2 3 . 1 2 4 . S  

lower legs + feet 1 . 39 1 . 6 7  9 . 8  1 1 . 0 

Total 1 4 . SS 1 S . 23 

1 )  Including neck holt . 
2 )  Without neck cable . 
3) Calculated from individual dummy parts ; mass of torso skin and foam 

(l'art S 7 2  dummy) ,  of spine e lement (both dummie s ) , of abdomen section 
(P3) and of spine and neck cable (P3) are partly (SO %) assigned to 
upper torso and partly (SO %) to lower tors o .  

4 )  Without accelerometer . 
S )  Including l neck. 

Location of the Center of Gravity of the Dummy Segment s 

Dummy segment 

head 
upper 
lower 
upper 
lower 
upper 

torso 1 ) 
. 1 )  torso 

arms 
arms + 
legs 

hands 

lower legs + feet 

1 )  Upper and lower torso 
2 )  Including l neck. 

Part S72 P3 Comment 
(m) (m) 

0 . 090 0 . 07S distance to 
o .  r ns

2 )  
0 . 1 90 distance to 

o . oss 0 . 0 1 S  · distance to 
o . oss 0 . 060 distance to 
0 . 08S 0 . 09S distance to 
0 . 080 0 . 1 3S distance to 
0 . 1 3S 0 . 1 30 distance to 

. are defined in Table 2 • 

top of head 
hip j oint 
hip j o int 
shoulder j o int 
e lbow j o int 
hip j o int· 
knee j o int 



Tab le 4 

Fig.  2 Exploded view of P3 dummy 

Rotation of  neck and spine in forward direction ( flexion) 

free rotat ion 1 )  

f d . 2) orce rotat i.on 

neck 

Part 572  
(degr . )  

0 

35 

sp ine 

P3 Part 572  
(degr . )  (degr . )  

35 3) 0 

85 3) 1 8  

1 )  External load on j oint zero (except for gravity forces) . 
2 )  External torque on joint � 20 Nm. 
3 )  Dependent on definition of neutral j oint position. 

P3 3) 
(degr . )  

30 3 )  

4 5  3 )  

EXPERIMENTAL METHOD 
The s led impact· comparison tests were conducted , according to the test pro

cedures specif ied in FMVSS 2 1"3 ( 1 980 ) . A s led deceleration-time profile of nom
inally 30 mph velocity change with an average deceleration of 20 g was used.  
The dummies were seated in a f ive-point harness child restraint system (type 
Strolee Wee Care) , which was installed on the Standard bench seat prescribed 
in this child restraint regulation . The child seat was attached to the s led 
by a normal car lapbelt and with its special backstrap . Load cells were used 
on the right and left car lapbelt segments and on the backstrap . The dummies 
were instrumented with triax acceleTometers in head and ehest and were pro
vided with targets on head , shoulder , elbow, upper leg and knee j oint . High 
speed movies ( 1 , 000 frames /sec) were t aken to document the kinematics of the 
dummies . Three tests were carried out with the Part 572 and five tests with 
the P3 dummy . The child restraint system was replaced after each test . 
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EXPERIMENTAL RESULTS 
Since the comparison of  the two child dummy types is the main obj ective 

of this paper , the results presented here will be limited to data that de
scribe the dummy behaviour : i . e .  the kinematics and the head and ehest ac
celerat ions . 

Kinematics - The high speed films of the tests were evaluated by means of 
a motion analyser . Fig. 3 shows the displacements  of the head , shoulder and 
knee targets as a function of t ime . For both the Part 572  and the P3 dummy 
the kinematics of  one of the three tests is shown . Differences with the oth
er two tests were found to be small (less than 0 . 03  m deviation in maximum 
head and knee excursion) . Because the pelvic region was covered by the child 
restraint system no targets were located on the hipj oint . The displacement 
of the hipjoint , which is included in Fig . 3 ,  could be determined from two 
targets on the upper leg. 

On the basis of  this analysis of th� highspeed films the fol lowing can be 
concluded : 

there are no significant differences in the maximum horizontal head and 
knee excursions of  both dummies . The average excursions defined according 
to FMVSS 2 1 3  ( 1 980) were 0 . 64 m for the head and 0 . 69 m for the knee ; 
the average rotational head velocity of the P3 is found to be greater 
than for the Part 572  dunnny .  Also the head excursion in downward direc
t ion is greater (difference 0 . 06 m) , causing the P3 head to strike the' 
armrest of the childrestraint system;  
the deformation of  the spine is much greater in the P3  than in the Part 
572 : the reduction in distance between P3 shoulder and hip at 1 00 ms is 
about· 30 % and only 10 % in the Part 572 dummy . 

c.g head head -neck poinl 

\ / reference poinl 

r 
Part 572  dummy P: 3 dummy 

Fig. 3 Kinematics of Part 572  and P3 durmny 
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Aeeelerations - The resultant head and ehest aeeelerations and their eompo
nents in anterior-posterior and inferior-superior direetion (with respeet to a 
referenee frame eonneeted to head and ehes t ,  respeetively) are shown in Fig. 4 .  
Results o f  one test whieh eaeh dummy type are presented. The three tests with 
the Part 572  dummy showed almost  identieal head and ehest aeeeleration-time 
funetions . In the five tes ts with the P3 dummy greater differenees in the 
head and ehest aeeelerations were found, so the repeatab ility of  the P3 in 
this eonfiguration is j udged to be less good than that of the Part 572  dummy . 

The P3 dunnny has to be ealibrated before eaeh tes t .  In one of  the tests 
this simple cal ibration proeedure was not carried out , whieh was found to 

80 head aee. res. ehest aee. res. 

P3 

60 Part 572 
P3 

40 
Part 572 

20 

80 head A - P  ehest A -P 

Part 5 72 

-ao 

80 head S-l ehest S -l 

40 
Part 572 

P 3  

-Bo 
0 75 150 225 300 0 

� time, ms 1 1 1 
75 150 225 300 

Fig.  4 Head and ehest aeeelerations 
of Part 572  and P3 dummy 

result in relatively large high frequeney vibrations in the head aeeelerations 
( In the ECE Regulation 44 no . head aeeeleration measurements  are required) . 

I t  ean be observed from Fig.  4 that the maximum resultant head and ehest 
aeeelerations for the P3 are slightly greater than for the Part 572  dummy 
whieh is  mainly due to the more oseil lating nature of  the P3 eurves .  The HIC
value is found to be 693 for the P3 eompared to 582 for the Part 572  dummy . 

COMPARISON BETWEEN THE BEHAVIOUR OF THE TWO DUMMIES AND A CHILD CADAVER 
The results of the s led tests eondueted at HSRI with a child eadaver and 

a Part 572  3-year dummy in an identical ehild restraint system were presented 
on the 23 rd Stapp Car Crash Conference (2) . Sinee these test conditions were 
slight ly different any eomparison ean only be globaly. 
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The most significant difference between cadaver and Part 572 dumrny in the 
HSRI-tests was in the motion of  the head and torso : analysis  of  the cadaver 
exper iment showed rather large deformations of the spine in comparison to the 
dumrny exper iment (about 25 % reduction of the distance between shoulder and 
hip at 1 00 ms) , a greater average rotational head velocity and also a greater 
downward head displacement causing the face of the cadaver to strike the arm
rest . 

Analysis of the comparison tests , presented in the preceeding sections 
showed similar tendenc ies for the P3 dumrny : greater spine deformations , a 
greater average rotat ional head velocity and the duminy head striking the arm
res t .  Based on this it can be concluded that for the tested · child restraint 
system the P3 gives a more realistic s imulation of the cadaver kinemat ics , 
than the Part 572  dunnny .  The observed deviations between the head and ehest 
accelerations in the HSRI-tests on the one hand and those in the TNO tests 
on the other hand prevent any conclusion about which of  both dummies pre
dicts these accelerat ions the best . 

ANALYSIS OF THE DIFFERENCES IN THE BEHAVIOUR OF BOTH DUMMIES BY MEANS OF 
MATHEMATICAL SIMULATIONS 

At the 23 rd. Stapp Conference a mathematical model of the Part 572  3-year 
child dumrny in a child restraint syste� was presented (2 )  .• This model was 
formulated with the general program package MADYMO (5) . Model predict ions 
were found to agree quite well with experimental observations . This model 
will be employed here to study the influence on the dynamical behaviour of  
the differences in  the dumrny parameters in more detail .  In  Table 1 · - 4 the 
most important characteristics of both child duminies are ·sumrnarized . The ef
fect of differences in the dumrny parameters is analysed by s imulating on or 
more of the characteristics of the P3 in the model of the Part 572 durnmy . 
We wil l not present all the variations carried out to keep this paper compact 
in format,  while moreover only the effect on a limited selection of output 
parameters will be considered . The results presented here relate to the ef
fect of 7 relevant variations on 6 output quantities (see Table 5 ) . A com
plete and detailed documentation of a sensitivity study with this model (the 
effect of 85 parameters changes on 33 output quantities) is presented in 
reference (3) , 

· 

Variations 1 and 2 in Tab le 5 deal with the mass and moments of inertia.  
The Part 572  dumrny segment mas ses are replaced by the 

· p3 segment masses . The 
influence of these changes is found to be small .  

Variations 3 and 4 relate to the location of the c . g . · of both dummy seg
ments . Significant differences in c . g .  location were observed for the lower 
torso and the upper leg (see Table 3 ) . lt can be seen that these differences 
only slight ly .affect some of the output quant ities . 

The only striking deviat ion in dummy dimensions is in the head-neck length 
(distance J in Fig. 1 and Table 1 ) .  An indication of the influence of this 
deviat ion is predicted by variation 5 (a displacemant of the neck-torso p ivot 
in upward direction) . The head excursion and head accelerations are found to 
be strongly affected by this change . 

· 

Variations 6 and 7 finally deal with the neck and spine characteristic s .  
In these calculat ions the P3 neck and spine properties , respectively, are 
approximated . In comparison to the effect of the mass distribution (varia
tions 1 -4) , the effect of these joint characteristics  is found to be rather 
large . 

Variation 6 (P3 neck stiffness)  showed a greater average rotational head 
velocity of which the magnitude was close to the experimental observations . 
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Table 5 Inf luence of Dummy Parameters on Occupant Response :  
Parameter Variations with Mathemat ical Model of Part 

Parameter Variation Hor . Head Ver . Head Hor. Hip Lin . Head 
Excursion Excursion Excursion acc . 

(m) (m) (m) % 

1 .  Mass o f  P3 + 2 segments 
2 .  Moments of inertia + 1 of P3 segments 
3 .  Shift c . g .  upper 

leg 0 . 06 m in 
direction of knee 

4 .  Shift c . g . lower 
torso 0 . 04 m in + 0 . 02 - 4 
direct ion of hip 

5 .  Shift Neck-Torso 
p iv;ot 0 . 05 m in - 0 . 035 - 0 . 05 - 1 5  
upward direct ion 

6 .  Neck character- + 0 . 08 1 )  + 1 1  istic s  of P3 
7 .  Spine character- + 0 . 04 + 0 . 07 1 )  - 1 8  i s t ic s  of P3 

Influence less than 0 . 0 1  m or 1 % .  
1 )  In these mathemat ical s imulations vertical head displacement 

i s  not prevented by contact with the arm rest . 

572  3-year Dummy 

Lin . Chest HIC 
acc . (3ms) 

% % 

- 4 + 2 

+ 4 

- 2 

+ 1 - 5 

- 32 

+ 1 + 1 9  

+ 1 - 1 3  

Although the mathemat ical model predicts an increase o f  the .horizontal 
head excursion by a more flexible spine (variation 7 in Table 5) , such an 
increase was not observed in reality . This is because this effect is elimi
nated by the shorter head-neck length of the P3 dunnny as indicated by vari
at ion 5 in Table 5 .  

DISCUSSION AND CONCLUSIONS 
· In the present study the performance .of the P3 dummy in a child restraint 

system with harness was compared with the Part 572  3-year child duminy . The 
most significant difference observed between both dummies was in the motion 
of the head and the torso : The ·p3 showed a much greater deformation of the 
torso and consequently a gre�ter head excur·sion in downward direction. Hor
izontal head and hip excurs ion were, however , identical for both dummies .  
On the basis of calculations that were conducted with a mathematical model 
of the Part 572  dummy it was shown that differences in mass distribution 
between both dunnnies hardly affected the dummy performanc e .  The observed 
differences in kinematics could mainly be explained by a greater and thus 
more realistic range of motion in the spine and neck of the P3 dummy . The 
mathematical model used in this an�lysis was · reported in an earlier study 
(2)  and can be considered as validated for this specific test set up . 

The dummy test results were compared with the behaviour· of one cadaver in 
a s led test  carried out at HSRI . It could be observed that the P3 gives a 
more realistic s imulation of the cadaver kinematics than the Part 572  dummy . 
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In other words , for this type of  restraint systems ( i . e .  child seat with 
harness) the P3 is more humanlike with respect to the kinematical behaviour 
than the Part 572 dummy . lt should be noted, however , that this conclusion 
is based on only one test with one cadaver . 

In this study only a limited number of  tests were conducted with each dum
my , which makes any definite conclusion on the repeatability of both dummies 
questionable. Nevertheless there is a s trong indication that the repeatabi
lity of the head and ehest accelerations is better for the Part 572 than for 
the P3 dummy . The repeatability of the maximum horizontal head and knee 
excursions in this test showed no significant differences . The lower repea
tabil ity of  the head and ehest accelerations of the P3 dunnny may partially 
be explained by the free range of motion present in the spine and neck 
elements , which makes the determination of an unique initial position for 
this dunnny rather difficul t .  

In contrast with the Part 5-12 dunnny ,  the neck and spine construction of 
the P3 require an accurate calibration before each tes t .  This calibration 
procedure , which is described in refertnce (4)  is relatively simple , however,  
��� r�quires_ no _dY1,!��ical test�� Omit!_ � . .!=�is calibr�tio� _E_esulted in . . -· rather large high-frequency vibrations in the head accelerations . 

Based on this study the following important aspects for ftiture child dummy 
design should be not ified : 

Since the dummy response is very sensitive for the neck and spine proper
ties,  part icularly the design of the neck and spine dummy segments should 
be the obj ective of future research . 
On the one hand the properties of  the neck and spine of the P3 dummy are 
more realistic than those of the Part 572 dummy but this causes on the 
other hand a lower repeatability of the head and ehest accelerations . 
�pecia� attention should be given to this aspect in future improvements 
in des ign, 
In this ·study a mathematical model of a child was succesfully employed 
with the objective of analysing differences in dummy response . lt is ex- · 
pected that in future dummy design work this model could play · a mean
ingful role for a systematical de sign optimization. 
The experiments in this study were conducted with a child seat with har

nes s .  Consequently , the various findings in this paper are not necessary 
valid for other types of child restraint systems . In a separate stud� the 
behaviour of both dunnnies in other systems will be evaluated . 
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