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Scope—An airbag generates a considerable amount of kinetic energy during its inflation process. As a result
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Mild severity and moderate severity crash pulses are described in Section 5. These pulses|
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3.

5.1

5.2

6.1

6.1.1

Test Dummies and Measurements—Dummies of the Hybrid Il family are recommended for OOP testing of
frontal air bags. The family consists of 3 sizes of adult and 3 sizes of child dummies. The adult dummies are a
large male dummy, a mid-size male dummy, and a small female dummy. The latter two dummies are specified
in subparts E and O of the Code of Federal Regulations, Part 572—Anthromorphic Test Devices. The large
male dummy will be incorporated into Part 572 shortly. The child dummies consist of 3-, 6- and 10-year-old
dummies. The 3- and 6-year-old dummies are specified in subparts P and N, respectively. The 10-year-old is
a new dummy that is currently being developed by the SAE for OOP testing to fill the size void between the 6-
year-old and small adult female dummies.

The following measurements should be made when doing OOP testing with either the adult or child dummies.

Head tri
Upper neck forces and moments (6 channels)
Lower neck forces and moments (6 channels)
Thoracig spine triaxial acceleration (3 channels)
Sternal gccelerations (Ax) (2 channels)

Sternal gompression (1 channel)

For inflatable knee restrains, the full spectrual of the tibia and femur.load and displacement transducer
channels shpuld be recorded when the adult dummies are used.

All measurgments should be recorded and filtered according te@ the latest version of SAE J211. These
measurements should be continuous functions of time so that ‘various injury criteria sych as found in
Reference 2.1.4.2 may be derived.

Test Tempgrature—Normally, testing should be condugted within a temperature range of 20[6 to 22.2 °C (69
to 72 °F). N it is desired to investigate performance outside this temperature range, the tefnperature of the
dummy should still be maintained within the above range.

Generic Slgd Pulse—Mild severity and moderate severity crash pulses are defined as follgws. The out-of-
position child may be exposed to a pulse-similar to the mild severity crash pulse since collisions of similar
severity occir most often, and preimpact.braking will cause the child to be out of position mqre often that the
collision dyngmics.

Mild Severity Crash Pulse—This “pulse is a half sine type with a 6.7 G nominal accelergtion, a 25 km/h
(16 mph) vejocity change, andJa 150 ms pulse duration. Typical acceleration-time and velogity-time curves,
and nominall acceleration are shown in Figures 1 and 2.

Moderate Severity Crash Pulse—This pulse is a half sine type with a 12 G nominal accelefation, a 29 km/h
(18 mph) velocitylehange and a 110 ms pulse duration. Typical acceleration-time and velogity-time curves,
and nominall acceleration are shown in Figures 3 and 4.

Static Tests for Driver Airbag Systems—Two types of driver system static tests are described: one to
investigate only the airbag module and the other to investigate the combination of the airbag module and
steering system.

Airbag Module Evaluations

TEST SET-UP—Attach the airbag module to the appropriate steering wheel. Mount the steering wheel with
the plane of its rim horizontal, to a rigid fixture with a load cell inserted between the wheel and the fixture.
Adjust the height of the fixture so the cover of the module will contact the head/chest of the selected kneeling
and bent forward adult dummy when the general anterior surface of the chest is horizontal.
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6.1.2

6.1.2.1

6.1.22

6.1.2.3

6.2 Airbag Module and Steering System Evaluations

6.2.1

6.2.2

6.2.2.1

Dummy PosiTIoNs—Three dummy positions are described. Each position will provide data to investigate
different types of interactions. No priority is assigned to any of these interactions. Any of the three adult size
dummies described in Section 3 can be used. Additional tests may be conducted to determine the dummy
positions that produce maximum involvement with the deploying airbag.

Chest on Module—This position is intended to investigate one of the possible chest-bag-cover interactions
as the bag is being forced out of its container while being constrained by the dummy's chest. For this
position the center of the dummy's sternum is aligned and squared with the module, with the whole weight
of the dummy's chest resting against the wheel-module system. The dummy's chin should be outside the
periphery of the rim to maximize the weight on the module.

neck and lower

Dummy rrespenses-oH-nterest-are—chestmeastrements—Other+esponses-cotte-netud
spine mgasurements.
Forehedd on Module—This position is intended to investigate one of the possible

interacti
For this
against

Dummy
measurg

Chin on
the dep
allowed
assemb

Dummy

measurgments.

TEST SET-
buck by t
mounting.
adjusted t
any part i
restrict co
desired ro

Dummy Pd

bNns as the bag is being forced out of its container while being constrained by the
position the dummy's forehead is placed in the center of the modulé with the hea
he module.

responses of interest are head and neck measurements. ~Other responses col
ments.

Upper Rim—This position is intended to investigate ©ne of the possible neck loa
oyment.
to rest on the module.

y.

The total chest-head weight should bear against th

responses of interest are the neck and.chest measurements. Other responses mi

UP—Mount the steering wheel, airbag module, and steering column to an open s
ne normal column mounting means, so the mounting is at least as rigid as th
The column should/be mounted at the design column angle, and the column/
D its nominal design tilt position unless otherwise specified. If the windshield is
n the deployment, then it or a mockup must be included. Any on-vehicle harg
umn axial~movement during inflation should be included. The steering whee
ated pesition (i.e., straight ahead, rotated 90 degrees, 180 degrees, etc.).

SIFIONS—Place the test device on any suitable seating surface so the chest, nej

head-bag-cover
dummy's head.
d weight bearing

Id include chest

dings caused by

For this position the dummy's chin is placed against the upper rim and the chest is

e module-wheel

ght include head

tructure or body
e actual vehicle
Wwheel should be
bxpected to play
ware that might
may be in any

ck, or head is in

the desire

d—ocatiomimretatiomto—the ail'uo.g. Ome—ortwo iaycla of paper-tapemay be—used to retain the

dummy in the desired location. No priority is assigned to any of these interactions. Any of the three adult
size dummies described in Section 3 may be used. The following are some possible dummy positions. It
may be impossible to perform certain tests because of vehicle geometry. Additional tests may be conducted
to determine the dummy positions that produce maximum involvement with the deploying airbag.

Forehead on Module—This position is intended to investigate one of the possible head-bag-cover
interactions when the forehead is against the module as in 6.1.2.2. Center the dummy's forehead (25 mm
above the head center-of-gravity) on the module, with the torso angle essentially parallel to the angle of
the steering wheel rim in side view.

Dummy responses of interest are head and neck measurements. Other responses might include chest
measurements.
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6.222

6.223

Slumped Driver—This position is intended to investigate one of the possible interactions between the
deploying airbag and a driver slumped against the steering wheel. Adjust the seat to the accommodation
position per FMVSS 208 for the size of dummy being used. Seat the dummy and then rotate it forward
about the hips and lumbar spine, maintaining the H-point position, until the head contacts the steering
wheel/module assembly.

Dummy responses of interest are head and neck measurements. Other responses might include chest
measurements.

Chin on Top of Module—This position is intended to investigate one of the possible neck and head
loadings during the inflation event. Place the head of the dummy as far forward as permitted by the
steeringpwheetrimr-and-ecenterthe-chirdateraly-onthetop-edge-of-the-medule—Aligathetprso so the torso

angle is|parallel to the plane of the wheel in side view.

6.224

Dummy
measurg

Chest o
when th
vertical

responses of interest are head and neck measurements. Other responses mig
ments.

h Module—This position is intended to investigate one of the possiblé chest-bag-c
b bag is constrained during breakout by the chest. Center the sternum on the m
bnd lateral planes, with the chest against the module and/grthe plane of the rim,

ht include chest

pver interactions
pbdule in both the
The chest may

6.225

6.22.6

71

have to pbe moved up slightly to get the chin over the top of the rimyso the chest can be against the module.

Dummy [responses of interest are neck and chest measurements. Other responses might include head
measurgments.

Chin on|Upper Rim—This position is intended to investigate one of the possible neck loadjngs as the head
is pushdd upwards and rearward by the inflating.bag. For this position the dummy's chin is placed against
the uppér rim and its chest is allowed to lie onthé rim-module.

Dummy [responses of interest are neck, and chest measurements. Other responses might include head
measurgments.

Normally Seated Small Female—This position is intended to investigate one of the possible interactions
betweer] the deploying bag and\a small driver whose normal driving position is closet to the airbag module.
Adjust the seat as prescribed/in FMVSS 208. The seat back is to be tilted to the full up difiving position. If
the column or wheel tilts greater than £2 degrees, it is recommended that the test be conducted at nominal
column Jangle and af“the two extremes of column tilt. If the column telescopes, thq test should be
conducted with thetelescope feature full rearward.

Dummy [responses of interest are head, neck, and chest measurements.

Dynamic Te f f — this section; 1)
prepositioned out-of-position driver tests and 2) acceleration-induced out-of-position driver tests. No priority is
assigned to any of these interactions.

Test Set-Up—Mount the steering wheel, airbag module, and steering column to an open structure or body
buck by the normal column mounting means, so the mounting is at least as rigid as the actual vehicle
mounting. The column should be mounted at the design column angle. If practicable, use the actual
instrument panel. If not, knee bolsters with performance characteristics near those expected in production
should be mocked into the buck at package location. If the windshield is expected to play any part in the
deployment, then it or a mockup must be included. Any on-vehicle hardware that might restrict column axial
movement during inflation should be included. This buck should be mounted to any suitable sled or other test
mechanism that produces the desired acceleration-time pulse.
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7.2

7.3

7.3.1

7.3.2

7.3.3

Prepositioned Driver Tests—Place the test device on any suitable seating surface so the chest and head are
in the desired locations in relation to the airbag. One or two layers of paper tape may be used to retain the
dummy in the desired location. Six dummy positions that can be investigated are described in 6.2.2. Any of
the three adult dummies described in Section 3 can be used except for the test described in 6.2.2.6. For these
dynamic tests the dummy is prepositioned in the desired location and the sled is subjected to the desired crash
pulse described in Section 5. The airbag can be deployed at any desired time during the simulated collision
event.

Acceleration-Induced Out-of-Position Driver Tests—The object of these tests is to investigate possible
interactions between the deploying airbag and the part of the dummy of interest when the dummy is seated in
its normal driving posmon and aIIowed to move forward as a result of sled acceleratlon The airbag is deployed
(in different Ateraction with the
dummy. An pulses defined in
Section 5 cg

y of the three adult dummies defined in Section 3 can be used. The crash
n be used for these tests.
he seat and

NORMALLY| SEATED DRIVER WITH NORMAL STEERING WHEEL POSITION (UNBELTED)--Adjust

steering W
driving po
dummy to
during the

Dummy rg
femur, kng

NORMALLY
7.3.1 excd

Dummy rg
femur and

CHEST INT
interaction
and adjusf
its chin w
translate f
near or in

Dummy rg
femur mese

Static and I

heel for the nominal driving position for the dummy size selected. PRlace the dum
sture. Do not use any belt restraints. Subject the sled to the desired pulse cra
translate forward toward the steering wheel. Deploy the system'at various times (
pulse to determine maximum dummy interaction with the deploying bag.

sponses of interest are head, neck, and chest measurements. Other respons
e, and tibia measurements.

SEATED DRIVER WITH NORMAL STEERING WHEEL POSITION (BELTED)—This test g
pt that all available belts are used.

sponses of interest are head, neck,.and chest measurements. Other respons
knee measurements.

ERACTION TEST (UNBELTED)—The purpose of this test is to investigate one
s between the deploying dirbag and the chest. Position the dummy in its noming

Il pass over the top_ofithe rim. Subject the sled to the desired pulse and allo
brward. Deploy the.airbag at various times (in different tests) during the pulse w
contact with the module.

sponses ofinterest are neck and chest measurements. Other responses might i
surements.

Dynamic Tests for Passenger Airbag Systems, Using Child Dummy—The Iq

my in its nominal
Eh and allow the
n different tests)

bs might include

the same as

bs might include

of the possible
| seated position

the steering wheel system so the dummy's chest will contact the center of the aifbag module and

W the dummy to
hen the chest is

hclude head and

cation of the

passenger r

(A 1 . [ H ) H H 1 H 1}
10UUIC UTl tIIU IIIthUIIIUIIt paticl s arl IIII[JUItd.IIt bUIIbIUUIatIUII M CriovolIrny tl 1T U

ild position and

posture to be investigated. Three generic instrument panel locations of the passenger module are used; low,
mid, and top. The low position denotes a rearward deploying module location in the area of the instrument
panel normally used for knee bolsters. The midposition denotes a rearward deploying module location above
the knee bolster area. The top position denotes an airbag system that deploys through the top surface of the
instrument panel area. For any combination of module location and child position to be investigated, tests may
have to be conducted to determine the child dummy positions that produce maximum involvement with the
deploying airbag.
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8.1

8.2

8.2.1

Test Set-Up—Mount the instrument panel or panel mockup and the airbag module to an open structure or
body buck by the normal mounting means or by a similar mounting means so the mounting is at least as rigid
as the actual vehicle mounting. If the windshield is expected to play any part in the deployment, then it or a
mockup must be included. Any on-vehicle hardware that might restrict or deflect the deployment should be
included. For dynamic tests, this buck should be mounted to any suitable sled or other test mechanism that
produces the desired acceleration pulse.

Child Dummy Test Positions—Montalvo, et al [Reference 7] reported that 34% of unrestrained front seat
children in airbag deployment collisions would be near the instrument panel at the time of deployment. These
children would either be initially near the instrument panel immediately before the collision or be propelled
toward it by preimpact braking and/or collision forces. They categorized the possible positions into 13 “Z”-

positions. S

n 4 L

van-af-thaca 7 ooaoibione (7 4 A 4 49\ tnavalhia ahildean vl o £o
VOTT O 0IC ST = POUSTOHOTTS (= 1, &=, 1y o, O, 1, ) nhvornveormuarcrwrioar

ing forward, five

)

(Z-8, -9, -10

Mertz, et al
injury types
necessary {
associated
rear facing
following se
dummy sho
Note the ar
applicable fq

CHILD Pos
This child

be above
vertical he

T

-11, -13) involve sideways facing children, and one (Z-3) involves a rearward-fag

[Reference 9] have shown that forward facing and sideways facing animals exj
and severities when exposed to similar airbag deployments. They ‘concluded
b expose forward facing surrogates in various child positions_{0‘assess the
ith deploying the airbag when the child is near the instrument panel! For this reas
ositions have been grouped with their corresponding forward facing positions, w
ben primary child dummy test positions (see Figures 5 toA1).” In all positions,
Lld be positioned not to interfere with the cushion's intéraction with the body re
M position in the figures.
r all packages. In all cases, the dummy is centered in plan view on the module.

ITION NUMBER 1—(See Figure 5.)

ght can be raised to obtain a worst'case condition.

\

the top surface of the instrument panel and its thoracic spine should be vertical.

ng child.

erienced similar
that it was only
injury potential
on, the side and
hich result in the
the arms of the
gion of interest.

The figures should be taken as a general guide which may not be

position is the Z-4 position (or its side facing, Z-13, equivalent) described in Rg¢ference 7. The
child duminy may be seated on the front edge of\the seat or stood on the floor. In either cas

b, its chin should
The dummy's

£

FIGURE 5—CHILD POSITION NUMBER 1

=is
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8.2.2 CHILD PosITION NUMBER 2—(See Figure 6.)

This child position is the Z-12 position (or its side facing, Z-10, equivalent) described in Reference 7. Place
the child dummy in a kneeling position on the seat. Lean its torso forward and adjust the seat so its chin is
against the top surface of the instrument panel.

|
e

FIGURE 6—CHILD POSITION NUMBER 2

8.2.3 CHILD PodiTioN NUMBER 3—(See Figure 7.)

This child position is the Z-1 position (or its side facing, Z-8, equivalent) described in Reference 7. Place the
child dummny so its head is against the midface of the instrument panel and its buttocks on the seat.

FIGURE 7—CHILD POSITION NUMBER 3

-12-
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8.2.4

8.2.5

CHILD Pos

ITION NUMBER 4—(See Figure 8.)

This child position is the Z-7 position described in Reference 7. Place the child dummy in either a kneeling or
sitting position on the floor. The thoracic spine should be vertical and the head should be against the face of
the instrument panel.

CHILD Pos

This child
Reference
around the
may be us

FIGURE 8—CHILD POSITION NUMBER 4
ITION NUMBER 5—(See Figure 9.)

position is the Z-6 position (or its side facing, Z-11, and)rear facing, Z-3, equival
7. Place the child dummy so its head is against the midpanel surface and th
panel, with the torso against the lower instrumentpanel surface. Foam blocks a
ed to hold the dummy in position.

FIGURE 9—CHILD POSITION NUMBER 5

bnt) described in
e body wrapped
hd/or paper tape
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8.2.6

8.2.7

8.3

CHILD PosITION NUMBER 6—(See Figure 10.)

This child position is the Z-5 position described in Reference 7. Place the child dummy so its head is against
the upper pad edge and the body wrapped around the panel, with lower legs bent back. This is a higher
head position than in child position number 5. Foam blocks and/or paper tape may be used to hold the
dummy in position.

FIGURE 10—CHILD POSITION NUMBER 6

CHILD PodITION NUMBER 7—(See Figure 11.)

This child position is the Z-2 position (or its side facing, Z-9; equivalent) described in Reference 7. Place the
child dummy so its head is against the lower face .of\the instrument panel (knee restraint area), and its
buttocks on the seat.

FIGURE 11—CHILD POSITION NUMBER 7

Child Dummy Static Tests for Passenger Airbag Systems—The choice of child dummy position to be used
will be dependent on the instrument panel location of the passenger airbag system. It may be impossible to
perform certain tests because of vehicle geometry. Table 1 gives possible child dummy positions for low, mid,
and top mounted passenger airbag modules. Dummy response measurements of primary importance are
listed for each applicable combination.

-14-
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8.4

8.4.1

8.4.2

9.1

9.2

TABLE 1—CHILD DUMMY PRIMARY MEASUREMENTS FOR VARIOUS COMBINATIONS
OF DUMMY POSITIONS AND PASSENGER MODULE LOCATIONS

Dummy Passenger Module Location Passenger Module Location = Passenger Module Location
Position Low Mid Top

1 Neck Chest, Neck Head, Neck

2 Neck Chest, Neck Head, Neck

3 Head, Neck Head, Neck N.A.

4 Chest, Head, Neck Head, Neck, Chest N.A.

5 Chest, Abdomen, Neck Head, Neck N.A.

6 Abdomen, Chest, Neck Head, Neck, Chest N.A.

7 Head, Neck N.A. N.A.

N.A. indigates dummy position not applicable to module location.

Child Dummy Dynamic Tests for Passenger Airbag Systems

UNRESTRAINED CHILD DUMMY OUT-OF-POSITION TESTS—The child dummy,positions describgd in 8.2 and 8.3
can be investigated by dynamic testing. For these tests the fixture is mounted to a suitable|crash sled. The
dummy is|placed in the desired position and the sled is subjected to_the desired crash pylse described in
Section 5.| The airbag is deployed at any desired time during the-simulated collision event.

LAP BELTED CHILD DuMMY OUT-OF-POSITION TEST, DELAYED DEPLOYMENT—PIlace the child qummy in the full
forward sgated position, restrained by the lap belt only. When the sled is accelerated the tgrso and head of
the dummj will pitch forward. Deploy the airbag at vari@us times (in different tests) to detgrmine maximum
head-necHl involvement with the deploying bag.

Static and Dynamic Tests for Passenger Airbag-Systems, Using Adult Dummies—The Jocation of the
passenger module on the instrument panel iscan important consideration in choosing the aglult position and
posture to be investigated. Three generic instftument panel locations of the passenger module are used; low,
mid, and top. The low position denotes-a-rearward deploying module location in the area gf the instrument
panel normdlly used for knee bolsters\_The midposition denotes a rearward deploying modulg location above
the knee bolster area. The top position denotes an airbag system that deploys through the t¢p surface of the
instrument panel area. For any,combination of module location and adult position to be investigated, tests may
have to be ¢onducted to detérmine the adult dummy positions that produce maximum involvement with the
deploying aifbag.

Test Set-Up—Mount (the instrument panel or panel mockup and the airbag module to an dpen structure or
body buck by the notmal mounting means or by a similar mounting means, so the mounting i$ at least as rigid
as the actual vehiele mounting. If practicable, use the actual instrument panel. If not, knee bolsters with
performancg1 characteristics near those expected in production should be mocked into the buck at package
location. If the windshield is expected to play any part in the deployment, then it or a mockup must be
included. Any on-vehicle hardware that might restrict or deflect the deployment should be included. For
dynamic tests this buck should be mounted to any suitable sled or other test mechanism that produces the
desired acceleration pulse.

Adult Dummy Positions Near Instrument Panel—The six adult dummy positions described can be
produced in collisions by a number of factors such as preimpact braking and/or collision forces (see Figures 12
to 17. It may be impossible to perform certain tests because of vehicle geometry. Any of the adult dummies
described in Section 3 can be used with the exception of adult position numbers 3 and 6. Only the small
female dummy will fit in these positions. One or two layers of paper tape can be used to hold the dummy in the
desired position. Blocks can be placed under the buttocks to maintain desired height. In all tests the dummy
will be centered on the module in plan view.

-15-
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9.2.1

ADULT PosITION NUMBER 1—(See Figure 12.)

This position simulates a slumped person whose head is resting against the upper rear edge of the
instrument panel, but the knees are rearward of the panel surface. It also simulates a lap belted person who
has pitched forward due to braking and/or collision forces. The head can be closer to the windshield when
investigating a top mounted module.

FIGURE 12—ADULT POSITION NUMBER 1

9.2.2 ADULT Po$ITION NUMBER 2—(See Figure 13.)

9.2.3

This positipn investigates an unrestrained person who has slid forward so the knees are in[contact with the

lower inst

ADULT PO

This positi

nument panel and the head-torso is against the upperganel and/or windshield.

FIGURE 13—ADULT POSITION NUMBER 2

5ITION NUMBER.3~—(See Figure 14.)

the 5th pefcentile accommodation position per FMVSS 208, and with the seat back tilted to

position.

pn investigates a normally seated but small adult. Seat the small female dummy with the seat in

its full up driving

FIGURE 14—ADULT POSITION NUMBER 3
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