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Road vehicles — Anthropomorphic side impact dummy —
Part 3 :

Latfral-rhmac'rc-irnpan-resptmse-requiremems-tozssess—
biofidelity of dummy

1.0 |[INTRODUCTION

The impact response requirements presented in this Technical Report are the
resullt of a critical evaluation of data selected from, experiments agreed to
by experts as being the best and most up-to-date information available.

Thred lateral thoracic impact response requirements are defined: one based
on the cadaver drop tests of Association Peugeot-Renault (1)*, a second
based on the cadaver sled tests of the University of Heidelberg (2) and a
third based on cadaver impact testsi-conducted by HSRI (3). A1l data sets
were |[normalized to represent the.response characteristics of a 50th percen-
tile|adult male using either~the method described by Mertz (4) or an
exterlsion of the method developed by Lowne (5).

2.0 |SCOPE AND FIELD-OF APPLICATION

This [Technical. Resport is one of six reports that describe laboratory test
procgdures ~and impact response requirements suitable for assessing the
impag¢t biofidelity of side impact dummies. This Technical Report provides

informationto assess the biofidelity of lateral thoracic impact response

3.0 ISO REFERENCES

IS0 DP 9790-1 Road Vehicles - Anthropomorphic Side Impact Dummy - Lateral
Head Impact Response Requirements to Assess the Biofidelity of the Dummy.

*Numbers in parentheses denote papers listed in References, Section 7.0.
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ISO DP 9790-2 Road Vehicles - Anthropomorphic Side Impact Dummy - Lateral
Neck Impact Response Requirements to Assess the Biofidelity of the Dummy.

ISO DP 9790-4 Road Vehicles - Anthropomorphic Side Impact Dummy - Lateral
Shoulder Impact Response Requirements to Assess the Biofidelity of the
Dummy .

ISO DP 97L0-5 Road Vehicles - Anthropomorphic Side Impact Dummy - Lateral
Abdominal | Impact Response Requirements to Assess the Biofidelity of the
Dummy .

ISO DP 9790-6 Road Vehicles - Anthropomorphic Side Impact Dummy <“{Lateral
Pelvis Impact Response Requirements to Assess the Biofidelity of the Dummy.

4.0 REQUIREMENT NO. 1
4.1 Original Data

A series ¢f cadaver drop tests was conducted by APR (1). Each cadaver was
suspended | a prescribed distance above the “impact surface by ropes that
supported |its shoulders, hips and legs. “When the ropes were released, the
cadaver dropped freely and impacted.its side against the impact surfaces.
A triaxiall accelerometer was screwed to the fourth dorsal vertebra to
measure thoracic acceleration,~“Rib cage compression was measured from a
slow motipn movie of the impact. The impact surface consisted of two
instrumented load surfacés), one for measuring the thorax contact force and
the other |for measuring-the hip contact force. Response data for the APR 1

meter drop tests onpto rigid impact surfaces and 2 meter drops onto padded
impact supfaces™are listed in Table 1. The lateral thoracic force-time
curves for thése tests are shown in Figures 1 and 2, respectively. The
curves sh i i i Fatd
Peugeot-Renault.

4.2 Normalized Data

The force-time curves shown in Figures 1 and 2 were normalized to represent
the response characteristics of a 50th percentile adult male using the
technique described by Mertz (4). The normalized force-time curves for the
1 meter rigid surface impacts and 2 meter padded impacts are depicted in

2
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Figures 3 and 4, respectively. If the normalization procedure was exact,
then for each impact configuration each normalized cadaver curve would map
onto a single curve which would be the force-time curve of the standard
size subject. Consequently, the best estimate of the force-time curve of
the 50th percentile adult male is the average of the normalized curves for
each impact configuration. Such curves are shown in Figures 5 and 6 along

with rproposed—response—corridors—for—t—meter—rigid—and—2—meter—padded
impagts, respectively. It should be noted that these corridors are in good
agreement with other corridors developed from the same data but using
linedr regression analysis (6).

The maximum deflections of the impacted ribs relative to the thoracic spine
were [normalized using the technique of Mertz (4). Thes€ _normalized de-
flectlions are listed in Table 1 along with the number of fractured ribs
that [each cadaver experienced. The average of the qormalized deflections
for the 2 meter padded impacts is 43 mm. This <alue represents the best
estinate of the deflection response of the 50th.percentile adult male. For
the 1 meter rigid impact, three distinct defléctions were observed: large
defldctions (63 mm and 68 mm) with massive rib fractures (14 and 13 frac-
tured ribs), 36 mm deflection with 5-fractured ribs and 16 mm deflection
with [no fractured ribs. This large range of deflections makes it difficult
to egtimate the response of a,standard subject to a 1 meter rigid surface
impadt based on this data.. "However, one can estimate such a. deflection
respgnse for the 1 meter(rjigid condition based on the 2 meter padded data.
MertZ (4) has shown that“peak force is directly proportional to the impact
velogity for the padded and rigid impacts. A similar relationship should
hold [ for peak defilections. Thus, an estimate for the maximum normalized
deflection for-a 50th percentile male is,

D1 = (VI/VZ)DZ = 30 mm

where
D2 = 43 mm
= 4.4 m/s
V2 = 6.3 m/s
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4.3 Respo

nse Requirements

For a 1 meter drop onto a rigid impact surface the resulting normalized

thoracic i
in Figure

mpact force vs time response should lie within the corridor shown
5 and the maximum normalized deflection of the impacted ribs

relative to the thoracic spine should be between 25 and 35 mm.

For a 2m
resulting
within thg
of the im
and 48 mm,

The dummy
tive mass
Section 4

4.4 Test

The dummy
support i
provided
dummy is 1
upward so
surfaces

separately.
cell urethane foam (APR™ padding) should be used.

this foam
the presc
requiremer

pter drop onto the padded surface described under Test Setup, the

normalized thoracic impact force vs time response should lie
corridor shown in Figure 6 and the maximum normalized deflection

pacted ribs relative to the thoracic spine should be between 38

data must be normalized in order to adjust for changes in effec-
due to slight differences in dummy positionivat impact.
5 Normalization Procedure.

See

Setup

is to be suspended over the dmpact surfaces using ropes to
Ls shoulders, hips and legs.. A "quick release" device is to be
to allow the dummy to drop:freely. The sagittal plane of the
L0 be horizontal. The dummy's arms are to be rotated forward and
as to not contact the)thoracic loading surface. The two loading
are tc be located ~to intercept the dummy's pelvis and thorax
For the padded tests, 140 mm x 140 mm x 420 mm blocks of open
The characteristics of
are described in the Appendix.

ribed <impact surfaces its responses should meet the appropriate

When the dummy is dropped onto

ts"described previously.

4.5 Instrumentation

Each impact surface is to be instrumented with an inertia compensated load
cell. The dummy is to be instrumented with a transducer to measure the
deflection of the impacted ribs relative to the thoracic spine. High speed
movies of the impact event are to be taken. Impact force and chest de-
flection measurements are to meet SAE Channel Class 180 filter
requirements.

4
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Normalization Procedure

Determine the impulse by integrating the force-time curve. Calculate the
effective mass using the following relationship, '

wherg
durat
accel
normg

Calcy

Since
stand

The 1

T

FatT—7—(Tg + V) (T

c 0
Me = LJy 0

\fl Fdt is the impulse, V0 is the impact velocity, T is the-pulse
ion corresponding to a velocity change of Vo’ and (@' is the

eration of gravity. used by Mertz (4) to

The mass ratio, R
lize the APR cadaver data is,

m!

Rm = 38 kg/Me (2

late the mass ratio for the test using Equations 1 and 2.

it is assumed that the dummy has the same thoracic stiffness as the
ard subject, the stiffness-vatio, Rk’ is equal to 1.

ormalizing factors for force, time and displacement are given by,
R, = (RR)? 3
£ Bl (
a - 3 -3
Rt - RX - (Rm) (Rk) (4

Normg

19ze the force-time curve by multiplying each force value and each

time

value by their corresponding normalizing factors. Normalize the

maximum rib to spine deflection by multiplying it by Rx'
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5.0 REQUIREMENT NO. 2

5.1 Original Data

A series

Heidelberg for NHTSA (2).
1 meter from f

The seat

velocity.
towards t
panel had
the other
at impact
conducted
there are

The Tater]

shown in
using a 1}
must be d

distorted

5.2 Norm

The force
technique
shown in
best esti
the avera
average ¢

Figures 1

of cadaver sled tests was conducted at the University of

tests the cadaver was placed in a seat,

+had

In these

add o b o

sai-dlas
T

gToTy
and side panel were gradually accelerated to the desired impact

The sled was abruptly stopped causing the cadaver to translate
The side
two instrumented impact surfaces, one for the shoulder/thorax"‘and

LWl 3 + 4
CHaC wWasS atialrnitu LU LT oJTal.,

he side panel and impact it at the desired velocity.
for the pelvis/femur. Rigid surface impact tests were_conducted
velocities of 6.8 m/s and 8.9 m/s. Padded surface impacts were
at 8.9 m/s. Note that
only two or three tests for each of these thrée configurations.

Table 2 summarizes the test conditions.

al thoracic force-time curves that were provided by NHTSA are
Figures 7, 8 and 9, respectively. These)curves were obtained
00 Hz Finite Impulse Response (FIR) filter (3).
pne to the dummy data since the FIR . filter may have significantly

Such filtering
the amplitude and phase of the cadaver data.

nlized Data

~time curves shown inm Figures 7, 8 and 9 were normalized using the

of Mertz (4).
Figures 10, 117and 12, respectively.

The resulting normalized force-time curves are
As noted previously, the
mate of the{force-time curve of the 50th percentile adult male is
These
furvesc—along with proposed response corridors are depicted
B, 14 and 15.

ge of thé-normalized curves for each impact configuration.

in

5.3 Response Requirements

For a 6.8

m/s rigid surface impact, a 8.9 m/s rigid surface impact and an

8.9 m/s padded surface impact, the normalized force-time curves of the

dummy must 1ie within the appropriate corridors shown in Figures 13, 14 and

15, respectively.

adjust fo

dummy positioning.

6

Again, the dummy data must be normalized in order to
r changes in its effective mass caused by slight differences in
See Section 5.6 - Normalization Procedure.
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5.4 Test Setup

A seat with an instrumented side panel is to be secured to an impact sled,
sideways to the direction of travel. The top edge of the side board is to
be 540 mm above the seat plane. The surface of the seat is to have a Tow
coefficient of friction to assure that the dummy will translate relative to
the i . . .

sufficient distance from the side board to assure that the sled is com&
pletgly stopped prior to impact. For padding tests, 140 mm x 140 mm x-420
mm blocks of APR open cell urethane foam are to be fastened to the'thorax
and pelvis impact surfaces.

5.5 |Instrumentation

The dummy is to be instrumented to measure the deflection of the impacted
ribs [relative to the thoracic spine. Two inertid@ compensated load trans-
ducerts are to be mounted to the side board, one at the thorax level, the
othet at the hip level. High speed movies~of the impact event are to be
taken. Impact force and chest deflection measurements are to be recorded
using SAE Channel Class 1000 and 180 filters, respectively. Impact forces
are to be filtered using a 100 Hz“FIR filter (3) for comparison to the
respqnse corridors shown in Figares 13, 14 and 15.

5.6 [Normalization Procedune

Detefmine the impulse by integrating the force-time curve. Calculate the
effe¢tive mass using the following relationship,

M, = [JG Fdt] / (V) (1

where ~fg Fdt is the impulse, V0 is the impact velocity and T is the pulse
duration corresponding to a velocity change of Vo' The mass ratio, Rm,
used to normalize the cadaver data is,

Rm = 38 kg/Me (2

Calculate the mass ratio for the test using this Equation.
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is assumed that the dummy has the same thoracic stiffness as the
subject, the stiffness ratio, Rk’ is equal to 1.

factors for force and time are given by,

N

(R R

m
T

)

1 1

2 -2
(R)F (R) (4
the force-time curve by multiplying each force value and)each
e by their corresponding normalizing factors.

IREMENT NO. 3
inal Data

of cadaver impact tests was conducted:by HSRI (3). The cadavers
ed in an upright position with one arm raised so that the lateral
the chest could be impacted. ~The impactor had a flat, rigid
rface which was 150 mm in diameter and its mass was 23.4 kg. The
plocity was 4.3 m/s. Impactor deceleration-time histories are
The corresponding lateral acceleration-time histories
davers' first thoracic vertebrae are depicted in Figure 17. These
re obtained using,a 100 Hz Finite Impulse Response (FIR) filter
ilar filtering must be done to the dummy data since the FIR filter
significantly distorted the amplitude and phase of the cadaver
ne mass-\0f each cadaver and the number of rib fractures are
d in_Table 3.

Figure 16.
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6.2 Normalized Data

The acceleration-time curves shown in Figures 16 and 17 were normalized to
represent characteristics curves for a 50th percentile adult male interact-
ing with a 23.4 kg impactor using an extension of Mertz's technique (4)
that was developed by Lowne (5) for a two mass system. The normalizing

factors—fora—twomass—systemcanbe—definedas—fottows—————

Impactor Acceleration Factor

N
s
]

N

(R, = (RY (R (M + M) (M + M) §

2 -3 3 -1
R)r = (RY (R (M) (MG (2
Time Factor
-3 3 3 -3
Ry = (RY (R (e M) (MM (3
where,
Thoracic Mass Ratio
R = M /M (4

m s C
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Thoracic Stiffness Ratio

Ry = KK, (5
and,
M= Mass
K |- Stiffness
The gubscripts are defined as,
a|- acceleration
k|- stiffness
m| - mass
pl- impactor
c|- cadaver
s | - standard subject
t|- time
T - thorax
Mertz (4) has<shown that for geometrically similar subjects, the thoracic
stiffness ratio is equal to the ratio of characteristic lengths, or,

R = L./L (6

Unfortunately, no length dimensions are given for the cadavers. Only their
total body masses are given. If we extend the assumption of geometric

10
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similitude to the total body, then an estimate of the thoracic stiffness
ratio can be obtained from the cube root of the body mass, MB’ ratio, or,

1/3 -1/3
(M), (7

The thoracic stiffness ratio for each cadaver is given in Table 3.

The thoracic cadaver mass, Mc’ can be calculated by dividing the thoracic
impulse by its change in velocity, or,

. [S;,Mp 2, dt] / [ S;aTdt] (8

=
"

where,
ap - Acceleration-time-gurve of the impactor
ar - Lateral acceleration-time curve of the thorax

The thoracic mass for-each cadaver test is given in Table 3 as well as the
ratip of this mass-to the cadaver's body mass. The average of these ratios
is 0.430. The <¢horacic mass for the standard subject can be obtained by
multfiplying the body mass of the 50th percentile male by the average ratio,
or,

32.7 kg (9

M = (0.430) (76 kg)

The thoracic mass ratio, Rm’ was calculated for each cadaver test and is
given in Table 3. Using the values given in Table 3 and noting that the
mass of the impactor, Mp, is 23.4 kg, the normalizing factors given in

1"
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Table 3 for impactor acceleration, (Ra)p, thoracic acceleration, (Ra)T, and
Rt’ 2, and 3. The curves of
Figures 16 and 17 were multiplied by these factors to give the normalized

curves of Figures 18 and 19.

time, were calculated from Equations 1,
The averages of these curves provide esti-
mates of the impactor acceleration-time curve and the corresponding lateral
thoracic spine acceleration-time curve for a 50th percentile adult male

subjected

6.3 Respq

For a 4.3
diameter,
and the d
corridors

6.4 Test

The dummy

lateral ag

with a 15
The cente
pendulum
4.3 m/s.

6.5

The dummy

spine acc
attached

transducer

ments are
in SAE J2

eration must be filtered using the 100 Hz FIR filter (3)

Insty

to the impact conditions used in the cadaver tests.
nse Requirements

m/s lateral thoracic impact with a 23.4 kg impactor having, 150 mm
flat rigid impact surface, the impactor deceleration-time curve
immy's lateral thoracic spine acceleration should lie within the
given in Figures 18 and 19, respectively.

Setup

is seated in an upright posture with<ene arm raised so that the
pect of its thorax can be impacteds* A 23.4 kg pendulum impactor
) mm, flat rigid impact surface-~can be used to strike the dummy.
rline of the The

s released from a height (that will produce an impact velocity of

impactor is centered on the rib structure.

rumentation

is instrumented with an accelerometer to measure 1its lateral
An accelerometer is
A

A1l measure-

plerationtat the top of the thoracic spine.
to the impactor to measure its acceleration during impact.
to measure rib to spine deflection 1is optional.

to be filtered according to the Channel Frequency Classes defined
11. The impactor deceleration and lateral thoracic spine accel-

in order to

compare to the response corridors shown in Figures 18 and 19.

12
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6.6 Normalization Procedure

Determine the impulse by integrating the pendulum acceleration-time curve
and multiplying it by the pendulum mass which is 23.4 kg. Calculate the
effective mass of the dummy using the following relationship,

Mg = [Lmoaat] / [Sarat] (16

where [S;Mp a, dt]is the impulse and [jTaT dt] is change in elocity of
the |thorax calculated by integrating the lateral acceleration of the
thorgx, ar, over the impulse duration, 7.

Calcplate the thoracic mass ratio with the followingirelationship,

Rm = 32.7 kg/Me (11

Sincg it is assumed that the dummy“has the same thoracic stiffness as the
stanflard subject, the stiffness\ratio, Rk, is equal to 1.

The | normalizing factonS)" for pendulum acceleration, (Ra)p, thoracic

acceferation, (Ra)T’ and time, Rt’ are calculated using the following
relationships,

1 -1
2 2

1 1
(Ra)p = (Rk) (Rm) (23.4 kg + Me) (23.4 kg + 32.7 kg) (12
(“ajT - tl:k} f“mj (2374 kg IIej (234 kg—+—32-7 k) (13
_ -3 % 3 -1
Rt = (Rk) (Rm) (23.4 kg + Me) (23.4 kg + 32.7 kg) (14

13
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Normalize the pendulum acceleration-time curve and the lateral thoracic
acceleration-time curve by their appropriate normalization factors.
Compare these normalized curves to their appropriate response requirements
given by the corridors in Figures 18 and 19.
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TABLE 1 - SUMMARY OF APR LATERAL CHEST IMPACT DATA.

Deflection of Impacted
Drop Impact Ribs Relative to Spine |.
Test Height Velocity Impact Fractured

No. (m) (m/s) Surface Measured Normalized Ribs

(luul) (uml)
104 1 4.4 Rigid 52 63 14
105 1 4.4 Rigid 61 68 13
111 1 4.4 Rigid 32 36 5
165 1 4.4 Rigid 17 16
1p1 2 6.3 Padded 45 49 4
1p2 2 6.3 Padded 27 34 0
1p8 2 6.3 Padded 54 56 8
1p9 2 6.3 Padded 46 52 6
1B0 2 6.3 Padded 39 41 4
1B1 2 6.3 Padded 28 29 8
1B2 2 6.3 Padded 40 40 7

TABLE 2 - SUMMARY OF HEIDELBERG LATERAL CHEST IMPACT DATA (2).

Impact

Test Cadaver Velocity Impact Fractured

No. Age-Sex (m/s) Surface Ribs
H-82-015 18-M 6.8 Rigid
H-82=018 28-F 6.8 Rigid
H=82-019 47-F 6.8 Rigid
H-82-014 22-F 8.9 Rigid 12
H-82-016 21-M 8.9 Rigid 8
H-82-021 48-M 8.9 Padded 13
H-82-022 50-M 8.9 Padded 15

15
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TABLE 3 - SUMMARY OF HSRI CADAVER DATA

AND NORMALIZING FACTORS.

Test No. 76T062 777071 777074
Rib Fractures 7 0 2
Cadaver:_Bndy_Mass.._MB 50.1 kg 80.7 kg 54.0 kg
Thorac{c Stiffness Ratio, R, = (76/MB)1/3 1.15 0.98 1.12
Thoracic Mass, Mc 18.3 kg 36.0 kg 25.9 kg
Thoracic Mass to Body Mass = Mc/MB 0.365 0.446 0.480
Thoracic Mass Ratio, Rm = Ms/Mc 1.79 091 1.26
Normaljzing Factors:

Impactor Acceleration, (Ra)p 1.24 0.97 1.11

Thoracic Acceleration, (Ra)T 0.69 1.07 0.88

Time, Rt 1.08 0.99 0.99

Notes:

]

23.4 kg

[SrMp agdt]/[ §arat]

LM /Mg) g ] (76 k) = (0.430)(76 kg) = 32.7 kg

and

(R RYE () + m)F (m+ w7

a’p
(R = RO (RY™H (n + M)t (v + w )™
Ry = (R)™H (R (M + M)F (i + w)7

16
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IMPACTED SURFACE FORCE — (kN)
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FIGURE 1.

TME — (msec)

LATERAL THORACIC FORCE-TIME CURVES FOR
CADAVERS SUBJECTED TO 1 METER DROPS ONTO
RIGID IMPACT SURFACES (1).

FIGURE 2.

LATERAL THORACIC FORCE-TIME CURVES
FOR CADAVERS SUBJECTED TO 2 METER
DROPS ONTO PADDED IMPACT SURFACES (1).
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FIGURE 3. NORMALIZED LATERAL THORACIC FORCE-TIME

CURVES FOR CADAVERS“SUBJECTED TO 1 METER
DROPS ONTO RIGIDIMPACT SURFACES.
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FIGURE 4. NORMALIZED LATERAL THORACIC FORCE-TIME
CURVES FOR CADAVERS SUBJECTED TO 2 METER
DROPS ONTO PADDED IMPACT SURFACES.
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FIGURE 5. AVERAGE NORMALIZED CURVE AND ITS PROPOSED CORRIDOR
FOR A 1 METER DROP.ONTO A RIGID SURFACE
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FIGURE 6. AVERAGE NORMALIZED CURVE AND ITS PROPOSED CORRIDOR
FOR A 2 METER DROP ONTO A PADDED SURFACE
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FIGURE 9. LATERAL THORACIC FORCE-TIME CURVES FOR

8.9 m/sCPADDED WALL TESTS (2).
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FIGURE 10. NORMALIZED THORACIC FORCE-TIME CURVES

FOR 6.8 m/s RIGID WALL TESTS (2).
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FIGURE 11. NORMALIZED THORACIC FORCE-TIME CURVES
FOR 8.9 m/s RIGID WALL TESTS (2).
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FIGURE 12. NORMALIZED THORACIC FORCE-TIME CURVES
FOR 8.9 m/s PADDED WALL TESTS (2).
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FIGURE 14. AVERAGE NORMALIZED CURVE AND ITS PROPOSED RESPONSE

CORRIDOR FOR A 8.9 M/S RIGID WALL IMPACT
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