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1.0 INTRODUCTION

Approximately 1,000 children per year under the age of four are killed in
automotive accidents (1)* with an even greater number injured. Last year in the
City of Detroit alone (2) over 70% of all children injured in traffic accidents
of all forms including pedestrians, bicycles and mini-bike operators were
passengers in motor vehicles at the time of their injury. Many of these deaths
and injuries could have been prevented had the children been wearing a proper
restraint system,

The research regarding effective child protection has been underway since
the 1950's. Moore et al 3) reported the accident experience of child passengers
in auto accidents studied in the ACIR program in 1959. In 1962, Dye (4)
reported his experiences in the evaluation of a large series of then available
child restraint devices and documented a number of criteria which should be
applied in the evaluation of potential child seats or restraints systems.
Subsequent to the Dye paper, Aldman (5) reported in 1966 on the development of
a rearward facing child seat for use in Swedish automobiles, and Appoldt (6)
discussed dynamic tests of child restraint devices manufactured by Rose Manu-
facturing Company. In addition, Siegel (7) and his coworkers in 1968 related
the design of several types of child seats to the types and frequency of injury
patterns as found in accident investigations. Based upon accident cases,
Siegel recommended the use of lap belts for children over four years of age but
recommended special devices for younger children,

Burdie (8) and his coworkers have discussed the anatomy of children with
several guidelines for the design and selection of child restraint systems.
They suggested that the child's braincase is relatively weaker than that of
adults and therefore recommended that head impact tolerances for children be

reduced accordingly. This paper by Burdie, as well as other works on the same

~
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subject, points out the danger of a lap belt only restraint used in conjunction
with the child due to the Tlack of development of the iliac crest on the child's
pelvis. Because the child's pelvis is incompletely developed relative to the
adutt pelvis, the iliac crest does not provide the foundation for total body
support as is generally given by the Targer, more developed bone structure
found in the adult. Burdie also suggested that restraint loads be distributed
widely over the chest because of the extreme flexibility of the child's thorax
and hence the vulnerability of the internal thoracic organs to nonpenetrating
compression injuries.

King (9) in 1969 developed a reasonably thorough presentation of child
anthropometry which included a set of design criteria. King suggested that
for children under 50 pounds a stable support platform be provided for any
child restraint device. He noted that extreme motion is undesirable due to
the danger of contact with interior vehicle structures, and developed re-
quirements for the distribution of load over wide areas of the body. He
pointed out the importance of the location of the child's center of gravity
as it would affect the dynamic design of a restraint system. For children
weighing more than 50 pounds, it was suggested that a stiff booster cushion
coupled with a stable mounting platform and an adult lap belt should provide
an acceptable restraint system.

Two papers have resulted from the automotive industry's attempts to de-
sign, appropriate restraint systems for children. Feles (10) in 1970 discussed
the development of the General Motors Infant Carrier, a device which has been
widely used and promoted and which was found in our previous study to provide,
with current seating designs, the best protection available for infants. The
other restraint system developed with the automotive industry, the Ford Tot
Guard, was discussed and the basis for its design given in the paper by Head (11)

in 1970, Both the General Motors Infant Carrier and the Ford Tot Guard reflect



jmprovements which are poss{b1e in child restraints if a carefully conceived
program is used to develop and dynamically test the child seating device.

In 1970, we presented the results of our first research series (12) 1in
an SAE paper which documented the Timitations and gross design inadequacies
of the multitude of child restraint devices and seats which were offered the
consumer. At that time performance criteria and design guidelines were
proposed in the hope that industry innovation would follow. Subsequent to
our paper and the following full report (13) the first motor vehicle safety
standard for child seating systems (FMVSS 213) was promulgated by the NHTSA.

The child seating standard which currently exists had the effect of
removing the "hook over" and hook under" seats from the marketplace and,
in some instances, raising the performance of the seating systems to a 15
to 20 mph frontal barrier equivalent crash. Unfortunately in almost every
instance, the intent of the standard, injury reduction at 30 mph was not

achieved.
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2.0 thSIéN OF CHILD RESTRAINT-SYSTEMS

The design of child restraint systems or car seats, as they are commonly
called, has not been directed toward crashworthiness but rather toward providing
a means of keeping a child confined to a fixed seating position while riding in
a motor vehicle. While confinement of the child to a given location is one of
necessary requirements of safe seating, it is essential that the child restraint
extend its' protection beyond the panic braking level of support provided with
most current designs offered the consumer. Experience with a Timited number
of child seating systems has shown that it is possible to provide the same level
of crash protection to the child as is offered his parents.

The restraint systems considered and developed in the course of this pro-
gram have attempted to provide safe seating for children in the twelve-month
to six-year age range. In addition to providing crashworthiness, the proposed
designs are durable, easy to use by the child and his parents, comfortable for
the child and yet capable of manufacture using currently availabie techniques
and materials. While the cost of any new design is difficult to forecast with
accuracy because of the various types of tooling available to produce the pro-
posed designs as well as the projected quantity to be manufactured, it is
believed that production versions of all of the designs can be made available
to the consumer at prices which will be competitive with current and proposed

seats capable of providing the same crashworthiness.

One of the more stringent requirements placed upon child seating designs
arises from the constantly changing anatomical structure of the child as he
progresses from the newborn to the seven-year-old who is capable of using
the adult restraints with a properly designed booster cushion. For the purposes
of this program three stages of development were chosen for consideration:
infant, toddler and six-year-old child. For the purposes of this program the

infant was defined as a child from birth to age twelve months. At twelve months



most children can sit erect and are ready to ride in the normal seated position.
A toddler is defined as a child from twelve to forty-eight months and is cap-
able of using a child restraint which may incorporate webbing or a crash pad
restraint. The six-year-old is chosen as the mean of the age range from five
to seven,

2.1 Infant Restraint

Proper restraint of an infant from the time of birth to twelve months
poses a significant challenge to the restraint designer who is accustomed to
the adult skeleton with its' fixed anatomy and fully calcified tissues. The
infant presents a picture of an enlarged head and abdomen in relationship to
the rest of his torso with no effective means of grasping or otherwise re-
straining the child against the high accelerative loads imposed by a crash.

Because of the lack of a firm skeletal structure, the infant restraint
must rely upon the use of broad flat surfaces which will not apply localized
loads to the body during a crash. In the only device available to the con-
sumer today which successfully incorporates this philosophy, the General
Motors Corporation Infant Carrier, the child rides in a rearward facing
position with a system of straps used to provide positioning and not restraint.
The G.M. Infant Carrier or a device similar in construction provides adequate
protection by providing:

(a) Rearward Facing Position

By distributing decelerative forces over the back of the infant for
frontal impacts, an infant carrier of the G. M. type uses the least vulnerable
body area to distribute the loads for over two-thirds of the potential accidents.
This scheme does not require the use of a harness nor does it attempt to re-
strain the childs head or abdomen in a manner which will provide localized

loading or utilize the neck to restrain the head directly.



(b) Broad Flat Sides
' In our experience the flat sides of an infanf carrier act in a
similar manner to the back in terms of their ability to minimize localized
loading during lateral impacts. In dynamic tests of the G.M. device the
infant simulator is observed to move toward the side a short distance and
then load up the carrier as it swings in the direction of impact.
(¢) Minimal Harness or Restraint for Positioning Purposes Only
The infant because of his skeletal structure is not amenable to
using a system of straps for total restraint. Therefore straps or a har-
ness should only be used to properly position the child within the carrier
and to allow some protection in the event of a roll-over. The existing
commercial device by utilizing a simple vee set of straps in conjunction
with the adult lap belt satisfies this requirement completely.
The G. M. infant carrier was tested with the impact sled during our
previous contract FH-11-6962 and found to be totally acceptable in terms
of its performance. For this reason we did not attempt during this con-
tract to design an improved device but rather addressed ourselves to the
development of an infant simulator fo dynamic testing purposes.
2.1.1 Infant Restraint Performance
Two infant carrier devices were dynamically tested, the G. M. Infant
Carrier and the Five Filer Brothers, Inc. car bed. The G. M. Infant Carrier
has been found to provide acceptable infant restraint and was chosen to
document the comparison between its performance and that of another form of
infant restraint, the car bed. Both devices were tested utilizing the in-
fant simulator developed in conjunction with this program. Both were tested
at 30 mph, 21.5 peak G in the frontal direction. The pulse shape was
trapezoidal and similar in nature to all of the 30 mph frontal impact tests

reported in the appendix to this report. The Infant Carrier performed as



expected containing the dummy without allowing it to move from the confines .
of the restraint device.

The second child carrying device selected for testing was a car bed
manufactured by the Five Filer Brothers, Inc. of Grove City, Pennsylvania. %
The car bed which was advertised as being acceptable for use in either-the
front or rear seat of a vehicle was restrained by means of two metal straps
which were intended to hook over the adult seat. When tested in a manner
identical to the infant carrier, the entire car bed and child disengaged and
flew off the seat. It is obvious that a similar occurrence in a vehicle
during an accident could seriously injure a child and possibly adult passen- |
gers. Uhile car beds can offer some positive benefits for the consumer,
their use should not be encouraged until an appropriate means of restraining
both the car bed and its' occupant is devised.

2.2 Toddler Restraint

The largest share of the child seat use :and hence potential child ex-
posure occurs with children between the ages of twelve and forty-eight months.
The preponderance of devices available to the consumer are intended for this
age range and it has received extensive consideration under this contract.

During our previous contract, FH-11-6962, thirty-seven different devices
were tested which employed a variety of different design philosophies in-
cluding seats which hooked over and under the adult car seat. Our experi-
ence with the dynamic performance of child seating systems indicated that with
the exception of the Ford Tot-Guard and the Sears Safety Harness, there were
no seating systems available which came close to providing safe child seating
during a crash. With this research program, therefore, the seat designs
developed were intended to overcome the deficiencies found with past and

current oproducts.



2.2.1 Toddler Seat Design Criteria

The overriding criteria for the child seat designs developed under this
program was their crashworthiness. Consistent with the desire for crash pro-
tection for the child-equal to or better than that afforded his parents with
the current upper torso-lap belt systems now available-was the desire'to
provide the needed safety along with ease of use and comfort. These factors
were combined into the following design criteria.

1. Structural Integrity

The child seat should not collapse in an uncontrolled manner,i.e. in
such a manner as to allow excessive head motion in addition to the non-pro-
ductive absorption of energy. Additionally fracture of the various seat
components shall not occur if they allow the child to be exposed to potential
injury by their failure. |

2. Dynamic Interaction with the Adult Seat

The child seating system shall consider the important interface between
its structure and the adult seat cushion and back. Past experience has
demonstrated the dramatic and often disastrous consequences of localizing the
forces between the child and adult seats leading to excessive deformation of
the adult seat and increased motion by the child in the direction of impact.

3. Proper Use of the Adult Restraints to Secure the Child Seat

While the adult lap bé1t js the most substantial structural means avail-
able to restrain the child and his seat, care must be taken to insure that
adult restraints are used to retain the child seat only and that they not
wrap around the child and his seat in such a manner as to compress the child
between his seat and the adult restraint system.

4. Load Distribution

Because of the decreased stiffness of the child's skeletal system and
the underdeveloped nature of his pelvic structure proper load distribution

is critical. Generally the statement can be made that the broader the area



through which loads are applied the more acceptable the design. The use of
broad surfaces however must be consistent with the child's size,i.e. a three-
inch wide Tap belt would be unsuitable.

5. Limitation of Body Motions

Our knowledge of child tolerance to impact forces is minimal, however
an acceptable and conservative design criteria is the limitation of head
motion to the point that it does not strike any vehicle interior structure.

6. Comfort

Comfort is a nondefinable term somewhat similar to beauty. However,
certain factors such as the use of padding where appropriate to minimize
localized ischemia under the ischia tuberosities is clearly indicated.
Additionally the design of a seat to allow the child to sleep, or at least
not to inhibit sleep, is also preferable. A'design should also consider
the element of parental use and attempt to provide for ease of inserting
and extracating the child from the device at the beginning and end of each
journey.

7. Useability

Any device intended for use by children should incorporate materials
which will not be easily soiled and can be cleaned if necessary. Cracks and
crevices which can contain food particles, spilled 1iquids etc. should be
eliminated when possible fo prevent bacterial growth and allow personal hygiene.

8. Cost

Since cost may be an unfortunate but significant factor to the consumer
when selecting a child restraint, any design must attempt to provide the
maximum safety consistent with a competitive price. The world's safest car
seat design if it cannot be sold will not improve the overall safety picture
for child passengers in motor vehicles. At the same time cost-cutting if

carried to the extreme can strip a safe design of its benefits. Thus close



interaction between the desfgn éngineer and the manufacturing engineer
during the design phase is essential.

The above eight criteria could probably be restated in a similar man-
ner for any product, however, in the above form they were an essential part
of our design process for the various designs and ultimate seats which were
developed under this program.

2.2.2 Preliminary Designs

Three child restraint concepts for toddlers were developed for presenta-
tion to the Contract Technical Monitor as indicated by the statement of work.
The first concept, a child harness, is shown in Figure 1. The harness would
use toggle strap attachments to the lap belt hardware, thus minimizing the
need for supplemental straps and hardware associated with many harness designs.
The harness when properly installed would not allow the child to stand erect
but would provide for a reclining position for sleeping and resting.

The restraint Toads were intended to be transferred to the child's torso
by means of the vest and reinforcing straps. The adjustable straps which con-
nected the harness to the lap belt were intended to be affixed at the center
of gravity for the three-year-old child to minimize the possibility of the
Tower strap ropeing and pressing into the abdomen.

The second concept proposed involved a modification of the Tot-Guard. A

concept drawing is shown in Figure 2. The primary difference is the elevation

of the sides of the Tot-Guard to pick up the head and shoulders of the occupant.

Our previous research indicated that the Tot-Guard concept, while being the
most effective child restraint tested under conditions of frontal impact, was
lacking in Tateral protection. Our studies indicated that under conditions
involving direct side impact that it would be possible for the child to bend
over the low sides with possible injury. By raising the sides of the Tot-Guard
it was hoped to minimize head lateral motion as well as eliminate the potential

for flank injury,
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The third concept preposed is shown in Figure 3. This design incor-
porated a bucket seat with a crash pad similar to the Tot-Guard. The plat-
form area was intended to be rotated forward to allow easy access for the
child. Upon the insertion of the child into the bucket area, the platform
could be rotated back into position and latched. Subsequent to the Tatching
action an active inflatable cushion could be inflated to provide proper fit
and load distribution. The other feature of the seat which was believed
to be critical to 1its performance was the positive mechanical attachment to
the adult lap belt. This would be achieved by the use of the slide bar hard-
ware shown in Figure 3. The design was intended to provide good load dis-
tribution in the frontal direction with some degree of versitility and fit
allowed by the inflatable cushion to provide for different child sizes. The
sides are built up and padded to contain the head and shoulders of the child
during lateral impact. Additionally, the use of the slide for buckles and
the mechanical attachment to the plate on the rear of the design is such
that in frontal impact the two halves of the lap belt are placed in tension,
while for lateral impact the lap belt half on the side away from the point
of impact is placed in tension, thus restraining the entire assembly through
its rear plate structure.

In developing these preliminary designs we attempted to provide crash
protection for children up through four years of age which was consistent
with the des%gn criteria developed previously. The concepts were consistent
with our previous research under FH-11-6962 as well as subsequent experience
gained in the design and testing of other restrain systems in the interim
between the previous and current contracts. These concepts were submitted to
the Contract Technical Monitor and after serious discussion were modified to

provide the final design configurations.
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2.2.3 Final Design Concepts

TQo designs were selected for prototype construct%on and testing, the
modified Tot-Guard and the combined bucket-crash pad design (Toddler seat)
shown previously in Figure 3. The Tot-Guard was modified by building up
the sides and adding padding in the head contact area. Complete drawings
of the seat as it was tested were furnished the Contract Technical Monitor
with the progress report for June 1972. (Drawing HSRI 100-967-E) A Tline
drawing of the seat and its overall geometry is shown in Figure 4. It is
believed that the seat can be fabricated in a variety of means including
the rotational casting process currently used for the Tot-Guard. Other pos-
sible means of fabrication include blow molding and the use of a two part
assembly incorporating injection molding of the components.

The concept which showed the greatest potential for minimizing injury
is the concept shown in Figure 5. Following the initial selection of the
design, modifications were made in the overall concept to improve its' ac-
ceptability and reduce its' cost. These included lowering the crash pad
to improve visibility and replacing the active airbag restraint with a
multifoam pad to provide Toad distribution and energy attenuation.

Additionally, the means of securing the crash pad was modified by elim-
inating the double latching system and going to a belt and buckle combination
which latches under the shield. A prototype seat was provided to two Institute
employees for use with their children for one week periods. These preliminary field
tests indicated that children could unlatch the shield themselves while riding
thus negating its effectiveness. By placing the Tatch assembly under the
shield the parent could insert and remove the child easily without the fear of
the child letting himself out while riding. The final drawings for the seat
were supplied to NHTSA through our prcgress report for May 1972. (HSRI Drawings
100-948-E, 100-954-E, 100-956-E, 100-962-E, 100-964-E)

15
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Final Configuration of HSRI fodd]er Seat

Fig. 5.



The seat does not require unusual manufacturing techniques for either
its fabrication or assembly. The shell can be molded using either vacuum
form or injection molding of plastic while the metal and foam components
are standard stamping or bending procedures.
2.2.4 Dynamic Performance of the Prototype Seats

Both child seats were tested to determine their dynamic performance
using the HSRI Impact Sled. Tests were conducted at impact velocities of
20 and 30 mph with impact directions from the front, side and rear. The
test device used, a Sierra 3-year dummy, was instrumented with two triaxial
accelerometer assemblies which were placed in the head and chest of the dummy.
The seats were tested in conjunction with a bench seat taken from a full-size
Chevrolet with the adult Tap belts installed in their proper anchor locations.
The electronic and photometric data recorded for each of the tests performed
are listed in Table I. For comparative purposes, test‘resu1ts for the Ford
Tot-Guard are also displayed.

When we examine the performance offered by the two prototypes, we see
that the Toddler seat performs very well in terms of its' ability to limit
the motion of the child's head and thus minimize the potential for head con-
tact with the vehicle interior structure. In fact a study of available vehicle
interior dimension data indicate that, for frontal impact, no head contact
will occur with any vehicle interior. Laterally the seat does not meet our
hoped-for design "bogey" of 12 inches, however the performance is significantly
improved over any commercially available seat and the availability of the seat
shell with its padding in the head impact zone brovides and effective means of
distributing any force produced by contact with door structures over a broad
area. The variation in Head-Left Right values for the two lateral tests indicates
the difference in the performance of the two energy absorbing foams which were

tried, Ensolite and Scott Impact III. The Ensolite used in the seats was of
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Table I. Dynamic Tests of the Prototype Child Seats

Impact Accelerationsy
Test |Velocity Head ! 1 _Chest  Displ.
No. (mph) _IDirection:H-APiH-ST H-LR C-AP C-SI] C-LR |(in.)

HSRI Toddler {503 20.5 Fwd 75 125 5 127.5122.7) 2.7]10.2
509 30.3 Fwd 90 |30 {10 38.8{30 | 5.1|10.9
572 31.2 Fwd 60 32 |10 |32 (28 |15 14.1
495 20.5 Side |12.5/30 |44 {21 1|16 36 17.7
569 20.8 Side {12 |37 |77 15 118 |46 18.6
495 20.7 Rear |24 |10 | 7.5/24 {10 | 3.7| 3.4

Modified 511 30.0 Fwd |75 138.8(12.4146.5|26.2/ 10 16.9

Tot-Guard
499 19.7 Side |22.5/29 113.5{15 (20 |47.5]| 22.3

516 20.1 Rear 23 (12 (18 [18 14 | 2.5| 4.1

L
I
N—

Tot-Guard 483 20 Fwd 52.5{35 | 7.5{35 |21 2.5(17.8
484 30 Fwd 67.5:39 5 142.5]22.5 5 18.2
a98 20 Side (15 1[37.5{40 (15 (20 |27.5| 22.6
494 20 Rear 130 |20 | 2.5(30 (10 | 5 4.5

*A11 accelerometer Data Filtered According to SAE J211

19




the type AH which a density of 8.5 16/£t3 and a maximum resistance of

8 p.s.i. at 25% compression. Scott Impact IIT is a newly developed foam
having a density of 2.7 16/ft3 and a maximum resistance of 2.75 p.s.i. at
25% compression. The Tower value of 44 g's was achieved with Ensolite

and its use for the lateral padding in the head impact area is recomménded.
Under rear impact the child's weight is applied broadly against the back of
the adult seat back and hence the unit pressure is lowered thus minimizing
the depression of the seat back.

The effect of the design change in the crash pad is shown in the differ-
ence in the head A-P acceleration values for the 30.3 mph (original configuration)
and the 31.2 mph (modified version) frontal impact tests. The change in the
structure did allow additional head excursion, however, it was still found to
be less than 50% of several commercially available child seats.

The modified Tot-Guard performed as expected for the frontal impacts be-
cause it was structurally identical to its forebearer. Head displacement for
lateral impact was still disappointingly high being identical to the Tot-Guard.
The high lateral motion occurred because the entire assembly rotated under
the Tap belt. Positive benefit was obtained however in that the child can no
longer rotate over the low side as with the Tot-Guard and the potential for
flank injury was significantly reduced.

The performance of both seats indicates that crashworthy child seating
is an achievable reality consistent with current materials and fabrication
techniques. It is hoped that the continuing lack of performance evidenced in
current child seating concepts can be modified and that these seats can pro-
vide by their existence, guidance for a rapid evolution in safe seat design.

2.3 Age Six Child Restraint

While the American public has had a variety of devices offered which
have attempted to provide seating for children up to approximately age three,

there has been 1ittle attempt to rrovide seating for the child in the -size
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and age range between the car seat and the time that he may properly use the
adult séat belt. This phase of this research program addressed itself to
providing seating for the child in the three to six year age bracket.
2.3.1. Design Criteria

As with the other elements of this program, crashworthiness must be the
primary element in the consideration of a seat's effectiveness. The primary
difference between the seat intended only for use by toddlers and the seat
for the older child is that of increased size along with the greater assurance
for the older child that his skeleton is more completely developed and hence
capable of resisting properly applied restraint system loads. As indicated
in 2.2.1 the criteria for child restraints may be summarized as:

1. Structural Integrity

2.  Proper Dynamic Interaction with the Adult Seat

3. Proper Use of the Adult Restraints to Secure the Child Seat

4. Proper Load Distribution

5. Limitation of Body Motions

6. Comfort

7. Useability

8. Cost

The above criteria were used to develop the restraint system design
described in the following section.
2.3.2. Six Year Child Seat Design

A single concept evolved and was carried through to the construction of
prototypes and their ultimate dynamic testing. The design, which is shown
in Figure 6, was an individual bucket seat incorporating a five-point harness
with center release. By age six the child's anatomy has progressed to the
point that the one and one-half inch wide belts can provide him with adequate

load distribution. Dual over the shoulder upper torso restraint was employed
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with a crotch strap placed well forward and designed to position the lap belt.
The position of the crotch strap was designed in such a manner as to not
impinge upon the groin area but only to prevent the upper torso restraints
from pulling the lap belt up and into the abdomen.

The seat essentially provides the intermediate age child with his own
bucket seat which is to be placed on top of the adult seat. The seat shell
incorporates a back plate for strength and positive attachment of the adult
lap belt to provide a strong link to the vehicle structure.

This design as well as the others developed for this program does not
elevate the child any further than necessary above the adult seat. Our ex-
perience has shown that any significant elevation of the child above the
adult seat accentuates his motion during impact and degrades the systems
crashworthiness. The drawings for this system were furnished with the report
for May 1972. (HSRI Drawings 100-952-E, 100-965-E, 100-966-E)

2.3.3 Dynamic Performance of the Six Year Child Restraint

The prototype seats were tested in the same manner as the toddler seats
discussed in 2.2.4 with the exception that the Sierra six year crash test
dummy was used rather than the three year size dummy used in the other test
series. All other test details including the accelerometers, sled pulse;
optical instrumentation and electronic and optical data processing remained
constant. The test results are shown in Table II. For comparative purposes
a Ford Tot-Guard was also tested with the six year old dummy. While the
Tot-Guard is not specifically recommended for a child of this size, the
50-pound weight of the test dummy only exceeded the upper limit for the
Tot-Guard by five pounds, and thus it was felt would provide a reasonable

comparison.
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Table II. Dynamic Tests of the Prototype Six Year Seat

Impact Acceleration*
Test|Velocity Head Chest Displ.
Seat No.| (moh) |Direction H-AP] H-SI TH-LR| C-AP [ C-ST JC-LR| (in.)
HSRT 6-Yr. 506 21.1 Fwd 32 |37.5] 2.5|27 19 2.5] 13.9
575 30.5 Fud 49 {70 27.5137.5]26 7.5 18.7
503 20.6 Side 10 | 37.5]10.5| 6.2{15 25 21.4
576 20.2 Side 15 | 34 90 19 7.5116.41 21.6
Ford Tot-Guard{505 20 Fud 20 |53 2.5123 20 2.5 22.8
514 30 Fwd 35 |71.5] 5 32 20 4 26.6
504 20 Side 15 140 14 12.5112.5|17.5] 28

*F1Ttered Accoraing to SAE JZ11

The performance of the six year child seat was found to be acceptable
in terms of its ability to control the motions of the larger dummy in an
impact. The only aspect of the design which required modification and re-
testing was the high head lateral acceleration was reduced by adding an
additional 1/2" of Scott III foam in the head impact area. It is believed
that the values recorded would not be observed in tests of production ver-
sions of the seat because the rigid fibergiass shell used in the prototype
would be replaced in production with a softer plastic shell more capable of
deforming upon impact. Additionally the use of an aluminum casting for the

dummy head tends to produce higher accelerometer values upon direct impact.

This situation is not consistent with human dynamic response and may properly

be judged to be a testing artifact. Comparison with the values recorded with

the Tot-Guard indicates equal or superior performance particularly in terms

of the 1imitation of head motion.
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3.0 DEVELOPMENT OF DYNAMIC COMPLIANCE TEST

3.1 Development of Performance Criteria

One of the most severe tasks associated with the evaluation of a child
restraint system is the definition of the performance requirements used in
the evaluation. The problem is particularly vexing because a child seat may
be used in any vehicle with Tap belt restraints to secure it and within
those vehicles in any seating position other than the driver's. Over the
course of this contract a variety of criteria were conceived, evaluated
and accepted or rejected. Acceptance or rejection for the criteria was
based upon the ease of measurement, the availability of biomechanical
criteria for comparison and the cost to the manufacturer and hence ultimately
the consumer involved in providing the data. The first set of performance
criteria evaluated consisted of acceleration limits. An approach which is
consistent with past and current practices for adult restraint systems.
3.1.1 Discussion of Possibie Criteria

3.1.1.1  Acceleration Criteria. Deceleration values sustained during sudden

changes in velocity have historically been used to define human tolerance to
impact. This practice has some considerable validity when describing adult
tolerance because of the availability of volunteer and cadaver data achieved
with adults. Only one paper exists in the Titerature which attempts to
describe child tolerance to impact in acceleration values. Snyder (14) in
his paper used fall data gathered from children's accidents to develop in-
formation for whole body deceleration tolerance. The procedure used however
which involves estimation of the stopping distanée allowed on impact and sub-
sequent computation of the uniform deceleration values which are predicted
to have occurred has not been widely accepted as a valid procedure not does
the availability of whole body values provide significant assistance in the

problem at hand.
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There are two distinct schools of thought about how adult values might
be used for the child case with no preponderance of evidence to suggest
that one or the other, or for that matter either, is correct. One position
taken is that the child is more flexible and hence less prone to injury than
the adult with his fully calcified tissues. How much more flexible and thus
how much additional acceleration the child can sustain is not known. Another
position taken is precisely the opposite in that the increased flexibility
of the child is believed to allow greater deformation of the skeleton and
hence more damage to the internal organs.

Complicating the entire process of using acceferation values recorded
with anthropometric dummies for performance criteria is the construction of
the dummy used for the testing. Crash test dummies have been shown to be
reasonable indicators of human motion during impact but their kinetic re-
sponse i.e. acceleration tends to give higher readings than would be sus-
tained by a human. The discrepancy comes about from the difference in
construction between the human and dummy which provides a skeleton for the
dummy stiffer than its human counterpart. The increased stiffness coupled
with a lack of damping in the dummy provide higher peak accelerometer read-
ings which may not be reproducible. Therefore, because of the Tack of
suitable human tolerance information for children as well as the lack of
crash test dummies of the appropriate construction the use of acceleration
as éhe performance criteria for child seats is not recommended at this time.

3.1.1.2  Pressure Criteria. Another mechanical variable which has been pro-

posed as a potential criteria for restraint system performance is the pressure
between the child and his restraint system during impact. While there is
Tittle doubt that the application of localized force to the human body will
cause injury, the difficulty with accepting pressure as the index of perform-
ance is similar to that which acceleration namely, how much and how do we

measure it?
26

m e o o Py



There is 1ittle biomechanical data available regarding the relationship
between pressure and injury. Some information does exist relating measure
and abdominal injury, Beckman et al. (15). This information however is
preliminary in nature and does rot address itself to local pressure but
rather the average pressure beneath a rigid impactor. The difference
between average pressure and Tocal pressure is intensified vhen one con-
siders the pressures which exist between a flexible surface such as a belt
and the abdomen. Merely measuring the area of a belt before a test and
dividing the force acting in the belt system during impact by the area
will not give any indication of the "true" pressure which exists at the
belt-body interface during the test. This situation comes about because
of the gradient of pressure which must occur across the belt from side to
side and from end to end. It is complicated by the tendency of belts to
“rope up" or fold during an impact thus decreasing-even further the pro-
Jjected area. The problem is not any easier when a padded surface such as
a crash pad is considered because of the constantly changing, and difficult
to measure contact patch between the dummy and the device.

Accurate and repeatable measurement of local pressure has only been
accomplished by means of a crushable metal foam developed by General Motors
which has not been publiciy available. Research is now underway to develop
pressure measuring systems but until such become available, pressure is not
recommended'as an appropriate performance criteria.

3.1.1.3  Motion Criteria. A third possibility which has been proposed

as a criteria for restraint system performance is that of motion 1imita-

ion. Studies of accident data for restrained adult, vehicle occupants
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suggest very conclusively that if the head does not contact the vehicle
interior that head injury does not occur. The British Standards Institute
standard (BSI-354 Amend.5) for child seating has incorporated the samé
philosophy since 1964 by describing the maximum excursion for a torso block
during frontal impact. There is nothing in the Biomechanics Titerature to
suggest that this approach is inconsistent with improved crashworthiness.
It is believed that performance criteria for child restraints based upon
the concept that the child's head shall not strike the vehicle interior
can, with the addition of limitations on the area over which the restrain-
ing forces are applied, offer easily measured indications of the crashworthi-
ness of a design. Such an approach also negates the need to discuss
acceleration related criteria of head impact since pregumably it will not
be allcwed to occur.

Motion limitation is also attractive as a criteria because it re-
quires only a high speed motion picture camera placed perpendicular to
the direction with a framing rate sufficient to capture the event.

3.1.1.4 Proposed Performance Criteria. Based upon the previous discussion

of the three alternatives available as performance criteria, it is believed
that criteria based upon the motion in the direction of impact should be
selected as the criteria used to discriminate between crashworthy and non-
crashworthy child car seats. The test device used would be the three and six
year crash test dummies currently available (30 énd 50 pounds) and the motion
referred to should be of a photometric target affixed to the dummies head,
For the child restraint intended for infant use, the motion of the head of
the infant simulator developed under this contract, also in the direction

of impact, should also be used as the measure of performance.
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For frontal impact, it is proposed that the displacement of the head
in the direction of impact be limited to twenty-two inches (22 in.). The
twenty-two inch limitation is feasible as indicated by the results of the
tests performed with the prototype seats developed under this contract
(see results, pp. 11 and 17) and is less than the distance from the adult
seat back to the instrument panel of all cars of current American Manufacture.
(1972 Vehicle Data and Code Supplement, Auto. Mfg.Ass.)

For lateral impact, it is proposed that the displacement of the head in
the direction of impact also be limited to twenty-two inches (22 in.). Our
studies have shown that while lesser excursions are possible that we have not
been able to keep the dummies head from moving past the edge of a bucket seat
during a 20 mph, 16g impact. Thus, under the best of conditions, some impact
of the child's head will occur with a door structure if he is seated immediately
adjacent to the impact site. However, if the vehicle in which the child is
riding is struck with sufficient force to cause the 20 mph lateral velocity
change suggested, intrusion of the door structure into the passenger compart-
ment will undoubtedly occur. Under the preceeding circumstances the child's
head will be Tlikely to strike the door structure as it moves toward him and
compromises his seating space even if he is allowed minimal head motion.

When we consider the reality of impact adjacent to the occupant and his sub-
sequent head impact, the interests of child crashworthiness will probably
best be served by limiting the lateral motion of a child seated in the rear
center position so that he cannot strike either.side structure when the
vehicle is in a collision which does not provide for passenger compartment
intrusion. The twenty-two inch limitation for lateral motion is such that
this will not be possible for the narrowest American five passenger vehicle,
the Plymouth Valiant. The Valiant allows 55.5 inches of shoulder room and
hence the child occubant should have four to five inches clearance in a

properly designed car seat.
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For rear impact it is proposed that the motion of the child's head be
limited to six inches to the rear under conditions of a 20 mph, 16g change
in motion of the occupant compartment. Our results indicate that the motion
Timitation of six inches is completely feasible with proper seat desién and
will not allow enough rearward head motion to exceed 45 degrees.

The performance criteria may be summarized as follows:

Forward and Lateral Motion 22 inches

Rearward 6 inches
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4.0 DEVELOPMENT OF COMPLIANCE PROCEDURES

As critical as the evaluation of proper, easy to understand and measur-
able performance criteria is the definition of the means by which child
seating systems should be tested to determine whether or not they satisfy
the performance criteria. There have been two approaches to compliance
testing taken for child seats. One approach as embodied in the current
American standard, FMVSS #213, employs a wooden torso block pulled statically
with a one thousand pound force. The criteria of failure is the ability
of the child restraint to retain the torso block so that it does not move
more than twelve inches. This approach is consistent with the standard for
child harnesses (Type 3 seat belt) established as SAE J4C in 1955. While
the intent of the static standard, to provide a basic minimum level of
structural strength and hence crashworthiness, is excellent, the intervening
years since its' adoption have produced 1ittle in the way of improvement in
seating and it has unfortunately resulted in establishing a maximum limit of
performance rather than the intended minimum. One of the primary difficulties
in the ability of a static force to properly simulate a dynamic event, i.e.,
a crash, is the steady pull in a constant direction rather than the constantly
changing motion of a child in a seat during a crash. An additional problem
common to most of the current child seats which the static test does not com-
pletely exhose is the dynamic interaction which occurs between the child and
adult seats which Teads to the extreme motion and flailing of the entire
assembly as the child seat digs deeply into the adult seat cushion during
impact.

Dynamic testing of child seating systems to determine their crashworthi-
ness has been a part of the British Standard since 1964 and has also been

adopted by Australia and several other European countries. The dynamic test
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while not reproducing completely the actual crash of a motor vehicle, such
reproduction can only be accomplished through actual crash conditions, does

provide a generally more severe testing environment which exposes the. seating

system to the stresses imposed by impact loading. Dynamic testing throughout

the course of our research both in the previous contract and in this program

has consistently exposed the Tack of safety provided by child seats which

appear on the basis of static tests and visual inspection to be adequate to

their task. Thus it is our belief that if the true protective nature of a child seat-

ing system is to be identified, a dynamic compliance procedure must be adopted.

4.1 General Discussion

Our research indicates that the crashworthiness of a child seat can be
determined by three tests with an impact sled. To determine the frontal
impact protection offered by a child restraint, a 30 mph impact with a min-
imum deceleration level of 229 using a crash test dummy as the test subject
must be performed. The 30 mph impact level provides the same velocity change
at which adult restraint systems are being tested and thus provides a similar
test for children as we are providing for their parents.

Lateral impact protection can be demonstrated by a 20 mph velocity im-
pact with a minimum deceleration level of 16g using a crash test dummy as
the test subject. While a pure lateral impact test is an approximation of
all grashes which involve a motor vehicle struck from the side, it is the
potentially most dangerous and has been an adequate indicator a child
restraints lateral performance. Tests conducted under contract FH-11-6962
where 45° oblique impacts were performed indicated that those seats which
did not offer protection under condition of oblique impact also did not of-

fer protection when tested 1atera]1y:
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Rear impact protection is potentially the easiest to provide with a child
restraint system. Rear impact crashworthiness is effectively demonstrated by
examining the performance of child seating systems under conditions of 20 mph
velocity impact with a minimum deceleration level of 16g with a crash test
dummy as the test subject. Rear impact is not believed to be a serious prob-
Tem with those seating systems which do not raise the child's head above the
level of the adult seat back. For those child seating systems which do
elevate the child however, structure must be provided to Timit thé rearward
motion of the head to the point that hyperextention of the child's neck does
not occur.

The three tests proposed to define the crashworthiness of a child seating
system would be accomplished using an impact sled of either the forward impact,
rear impact or rebound type. The comp]iance.rig which is discussed in 5.0 will
be used with either a bench or bucket seat from a late model vehicle. The seat
mounting and lap belt anchor locations would be at the same gecmetrical locations
as occur within the body of the vehicle whose seat is being used.

The seat tracks should be welded in the midposition to establish the
seat and lap belt geometry and the entire assembly bolted to the impact sled
moving assembly. When the seat has been installed in accordance with the
manufacturers instructions, the child dummy,whose joints are tightened to resist
29, should be placed in thé seat and any harness or restraint straps adjusted.

During the actual test the only electronic montoring necessary would be
that of sled velocity. The motion of the child's head should be monitored
by the use of a high speed camera placed at a right angle to the test direction
with the camera placed at least twenty feet from the impact sled. Data analysis

to determine compliance will consist of the establishment of the test velocity

and the maximum head excurision of the dummy as defined in 3.1.1.4.
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4.2 Definition of the Test Environment

The test environment for a child is determined by the deceleration levels
selected for the jmpact sled. Based upon our previous experience and the
measured acceleration levels from full-scale vehicle crash tests, decg]eration
values of 179 peak for 20 mph side and rear impact combined with a 22g peak
for frontal impacts have been selected as appropriate environmental Tevels for
child seat tests. Two basic questions must be answered when defining sled
decelerations: What is the best pulse shape? and What is the method of de-
fining the acceptable pulse variation?

While a few impact sleds have a variety of pulse shapes available, two
pulses predominate in current practice, the square and the sinusoidal pulse.
Neither pulse totally describes a car crash. The sine wave has been generally
conceded to be softer than an actual vehicle pulse because of the absence of
the spike caused by sheet metal loading and buckling produced by the front end
prior to frame collapse,a phenomenon which is associated with 0° Barrier impact.
The square wave however,while being the most efficient means of deceleration,is
more severe than a car crash with current vehicles. The proposed bumper standards
however,in addition to having the effect of minimizing vehicle damage,are also
producing stiffer vehicle front end structures and moving crash pulses toward a
square or trapezoidal pulse. Thus with the exception of a vehicle manufacturer
who choose to develop or market a child restraint device tailored to their
vehicles, most child restraints must be used with a variety of vehicle makes
and models. For the typical case therefore an impact sled pulse tailored to a
more severe case will provide a greater margin of safety for child than that
which will understate the intensity of impact.

The parellel problem which was stated previously involves the difficulty

of many facilities to modify their deceleration pulse shape at will. In our
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facility for example the level of the deceleration pulse is accurately control-
Ted and -highly variable but the shape is fixed without a significant capital
expenditure. The same statement is true to a greater or lessor extent at other
comparible facilities. With this thought in mind,it is proposed that the test
environment for compliance tests of child restraints be specified in terms of
the maximum stopping distance reguired to decelerate the moving sled through
the proposed velocity changes of 20 and 30 mph. This approach is consistent
with the B.S.I. standard. The British standard only specifies the.stopping
distance for the sled and does not attempt to define a pulse. By specifying
these 1limited variables of velocity and stopping distance, each manufacturer

js free to use any mechanism or deceleration pulse to decelerate the impact
sled, test fixture and child restraint. The B.S.I. standard, which specifies

a maximum distance which is allowed to bring the sled to rest, is in effect
specifying a minimum deceleration level. The minimum Tevel is the level re-
quired to decelerate at a constant rate. For the British standard the minimum
level is 15g.

Because of the inherent simplicity of the above approach and the lack of
instrumentation required it is proposed that the test environment for a
dynamic test of child seat performance be described in terms of a velocity,

a stopping distance and an interior geometry. Therefore it is recommended
that the environment be:

(1) 30 mph frontal impact- 18 inches maximum

stopping distance.
(2) 20 mph side impact- 10 inches maximum
stopping distance.

(3) 20 mph rear impact- 10 inches maximum
stopping distance.
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The stopping distances of eighteen inches is that which is required to
decelerate a body at a constant rate of 20g from 30 mph to zero in the case
of frontal impact. The stopping distances of ten inches specified for the
side and rear impacts is the distance required to decelerate a body at a
constant rate of 16g from 20 mph to zero.

4.2.1 Discussion of Test Devices (Dummies)

It is proposed that three different test devices be used to evaluate
child seat performance. For infant carriers performance tests a simple
test device was developed in conjunction with this program. The device
(See Figure 7) is constructed of a soil cloth outer skin filled with a ABS
plastic pellets and lead shot mixture to provide the proper weight. (A
drawing of the simulator was provided with our progress report for May 1972,
HSRI drawing 100-966-D) The dimensions used to construct the device are
given in Table III. These dimensions were furnished to the program by NHTSA

and represent a compilation of their best available sources.

Table III. 50th Percentile Six Month Child Dimensions

Weight 17.42 1b.
Stature (recumbent crown -

sole length) 26.42 in,
Shoulder breadth 7.44 1in,
Chest girth (xiphoid) 17.38 1in.
Chest breadth 5.42 1in.
Waist height (from level of

11iac crest) 12.62 in.
Hip breadth (at iliac crest) 4.59 in.
Arm length 11.20 in.
Head circumference . 16.98 in.

Sitting height (recumbent crown-
rump length) 17.72 in.
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Fig. 7 Six Month Infant Simulator
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The simulator has been found to be useful as a means of loading an infant
simulator during impact. Because of some lack of fidelity in terms of "joint"
placement and construction, it will assume a slightly unnatural seating
position under some circumstances however,considering its simplicity and Tow
cost ($50),it is a useful device. .

For child seats for larger children, we recommend the use of the thirty
and fifty pound Sierra Engineering crash test dummies. These devices are
commercially available, rugged in construction and are reasonably accurate
representations of the children in these weight ranges. The ongoing research
programs funded by NATSA and others will undoubtedly produce in the coming
months a more representative set of child size data. As this data becomes
available, it is recommended that the NHTSA fund a development program to
upgrade the child dummies to make them consistent in construction with the
currently available adult crash test devices.

4.2.2 Discussion of Adult Seat

Two compliance fixtures have been proposed as being suitable for providing
an easily fabricated and portable test set up. A G. M. bench seat was acquired
and the associated body drawings to allow the establishment of the seat and lap
belt attachment points in the same position as in a full sized Chevrolet. The
choice of the G. M. bench seat was based upon the fact that Chevrolet is the
largest selling American automobile and hence its seat would be more widely used.
Additionally, the construction of the seat, cast Urethane foam is also used
throﬁghout much of the G. M. line of vehicles. The foam seat construction is
softer than the spring construction commonly used in the past and as a result
provides a more severe case for dynamic testing. This situation arises because
of the increased interaction between the child seat and the adult seat during
impact particularly for those seats which have a Timited bearing area between

the child seat assembly and the adult seat. A schematic of the test rig is
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shown in Figure 8. The drawing of the proposed assembly was furnished
with the progress report for December 1971, (HSRI Drawing. 100-959-E)

The bench seat tracks were welded three inches rearward of the most
forward position. The test rig was assembled by bolting the bucket seat
to the welded framework and attaching the production lap belts to the{r
respective anchors. Additional bracing was added to maintain the seat
back positon. The bracing does not affect the performance of the test
but does add to the sturdiness of the assembly and allows for repeated use.
Child seats were tested in the center and outboard seating positions to
determine the effect of seat construction on their.performance. The out-
board position was found to allow greater motion on the part of the dummy
when a Strollee Model 590 was used for comparison. (See Table IV) The
outboard position allowed the dummies head to move 29.7 inches in the direc-
tion of impact while the middle position only allowed 27.2 inches of motion.
The ten percent difference is attributed to the edge effect produced on the
outboard position where the volume of the material beneath the child seat
is reduced and hence is able to absorb Tess energy.

The other approach considered for the test rig utilized a similar weld-
ment to that proposed for the bench seat to provide seat track anchor points
and lap belt attachments for a bucket seat. While the bucket seat is some-
what stiffer than the bench seat it is a desireable compromise for a test
rig because of its smaller size. The use of a bucket seat will allow the
moving element 22 x 22 inches while the bench seat will require a moving
element 54 x 54 inches. A drawing of the bucket seat compliance fixture was
provided with our progress report for May 1972. (HSRI Drawing 100-963) In

order to document the effect of the adult seat type on child seat performance,

a limited number of seats were tested with both adult seating configurations.







In order to provide a comparison a Strolee child seat model #590 and the
Peterson Model #68 were tested with the bucket seat under the same test
conditions as they had previously been tested with the bench seat. The

test results are shown below.

Table IV. Child Seat Perfcrmance - Bench vs. Bucket Seats

Test Head
Child Seat No. Direction Velocity Adult Seat Displacement
Strolee 590 486  Front 30 mph Bench-Center 27.2
Strolee 590 513  Front 30 mph  Bench-Qutboard 29.7
Strolee 590 60C  Front 30 mph Bucket 24.8
Strolee 590 500 Side 20 mph Bench 25.7
Strolee 590 601 Side 20 mph Bucket N.A.
Peterson 68 487  Front 30 mph Bench-Center 28.7
Peterson 68 607 Front 30 mph Bucket 26.0
Peterson 68 501 Side 20 mph Bench 25
Peterson 68 606 Side 20 mph Bucket 19.0

The results indicate that the stiffer construction of the bucket seat as
well as the builtup sides on the seat cushion contribute to decreased displace-
ment of the crash test dummy and the child seat assembly. One of the interesting
sidelights of the bucket seat test of the Strollee seat was the release during
the test of the child's harness assembly by the dummy during the lateral impact
test with the bucket seat. As the child test and test dummy moved in the
direction of impact, the motion of the test dummy within the restraint was
sufficient to unlatch the buckle assembly fastening the lap belt and allow the
dummy to swing free. Retention of the dummy was only accomplished by the

steel-plastic bar placed around the front of the harness assembly. The
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buckle was manufactured by Fruhling Products Inc. of Pasendena, Ca. and is
found on several other child seat models. While this disengagement has
only been found in one of our two tests of the child seat, we believe that
it could occur in many left side lateral impacts and thus should either

be redesigned or not allowed with child restraints. This defect could
only have been discovered through a dynamic sled test.

4.2.3 Discussion of Instrumentation

The compliance test procedure as proposed was selected in part on the
basis of the limited instrumentation required for test performance. The
only electronics instrumentation required will be the devices necessary to
determine the sled velocity. Velocity may be determined by means of two
magnetic proximity probes & known distance apart along the track of the sled
and an electronic counter to measure the time elapsed from one probe to the
other. Digital counter with fixed neon display and magnetic proximity probes
are amongthe two simplest items of electronic gear possible to perform the
compliance tests. The only other form of sophisticated equipment necessary
is a high speed camera.

An analysis has been performed in Appendix B which documents the camera
speed necessary to adequately monitor the test. On the basis of our analysis
it is apparant that a camera with a top speed of 500 frames per second is
adequate to the task. By limiting the required camera speed the cost of the
optical instrumentation is approximately one half that had 1,000 frames per
second been necessary.

4.3 Proposed Compliance Fixture

To summarize our research regarding compliance tests, it is recommended
that a welded steel framework (HSRI Drawing 100-959-E) to which a bench seat
and lap belt anchor points may be attached in the proper geometrical relation-

ship be used as the compliance test rig. Child restraints should be installed
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on the rig in accordance with the manufacturers directions and child test
dummies of the infant, three-year-child and the six-year-child be used to
determine the ability of child seating systems to contain the child during
impact. The criteria of compliance should be dummy head displacement in

the direction of impact.
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5.0 USING PROPOSED DYHAMIC COMPLIANCE TEST

In the course of determining the suitability of the compliance test
fixtures developed under this program, several models of currently available
child seat designs were dynamically tested. The test conditions were.those
described in 4.1 and 4.2. Because these seats were tested prior to the
complete definition of the performance criteria acceleration values recorded
for the head and chest triaxial accelerometers are also recorded. The re-
sults are listed in Table V.

The results consistently confirm the belief that while the static test
requirements will demonstrate the ability of a child seat's structure to
resist fracture that all of the currently available devices fail to adequately
retart a child's motion in the direction of impact. It is believed that this
situation has occurred because of the Tack of understanding of crashworthy
design by the manufacturers. It is hoped that a new test requirement as
specified in this report will help to provide safe seating for children con-

sistent with the protection available to their parents.
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Table V, Child Seat Impact Test Data
]
()}
Q
©
c ae
(o] > wn <
U + or=r
42 o— O~
(8] QO <
[¢] o o] [a N —t o o+ oo =t [a'4
Test | = | g &2 |19 | 71858 |F |9 |7
Seat NO, [an} = w I - I I & (&) (8] (8]
Hamill 479 Front | 20 mph { 16. 37.5! 57. 7.5 25.4 | 32. 15 5
Protecta- 489 Front | 30 mph { 23 94 85 12.5 | 28.4 | 45 21 8
Tot 497 Side 20 mph | 17 20 35 22.5 1 24.4 1 10 15 22.5
490 Rear 20 mph { 17 25 20 - 2.5 4.9 1 29 19 7.5
482 Front | 20 mph { 18 17.5{ 22. 2.5 1 24 20 12. 2.5
Kantwet 488 Front | 30 mph | 22 55 47, 7.5 25.8 | 25 20 7.5
#78 502 Side 20 mph { 17. 30 42. 45 23.2 7. 25 27.5
493 Rear 20 mph | 17 31 24 5 9.5 | 27.5 | 25 7
480 Front | 20 mph | 16 32.5| 40 2.5 119.6 | 24 12. 5
Strolee. 486 Front { 30 mph | 23 22.5| 57, 5 27.2 | 30 25 3
#590 513 Front | 30 mph | 23.5 | 29 54 9 29.7 { 37. 27. 9
500 {Side 20 mph { 17. 22.5| 24 52.5 | 25.7 { 12. 21 20
491 Rear 20 mph | 17 21 2 2.5 { 12.7 | 2% 26 4
481 Front | 20 mph | 17 19 35 5 27.5 | 20 12. 2.5
Peterson 487 |[Front | 30 mph | 22 95 102. 15 28.7 | 26 25 10
#68 501 Side 20 mph | 17 22.5¢{ 39 62.5 | 25 6. 21 15
492 |Rear 20 mph | 17 32.5¢ 27. 5 10.1 | 29 17. 5
483 |Front | 20 mph | 17. 52.5( 35 7.5 117.8 | 35 21 2.5
Ford 484 |Front | 30 mph | 22 67.5| 39 5 18.2 | 42. 22. 5
Tot-Guard 498 |Side 20 mph | 17 15 37. 40 22.6 | 15 20 27.5
494  |Rear 20 mph | 17 30 20 2.5 4.5 | 30 10 5
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APPENDIX A TEST RESULTS




SUMIARY DATA HEAD ACCELETATICHS

Test tuber A-479_ Test Type__HAM/LL

Duzay __ 3-YEAR PROTHECTA-TOT.

Sled Velocity 32.0ft/sec FRONTAL IMPACT

Sled Pulse 0 A O S
a's/division SRS S SR YR D S L S g

Filtered T et e

Class €0 T — T

Anterior-Postersor Lo
VQad fccelaeration : i : ~

2.5 g's/division
Filtered
Class 1030

Superior-1nferior
Head Accelereticon
12.5 g¢'s/division
Filtered

Class 1000

left-Right

Head Accelieration
12.5 g's/division
Filtered

Class 1000

Resultant Head
Receleraticn

10 g's/division
Filtered

Class 1000

Severity Index S e
100 g7~ sec/div.




SUMMARY DATA CHEST ACCELERATIONS

Test tunber_A- 479 Test Type_HAM ILL

Dummy 3 -vEAR

PROT ZcTA~ToOT.

Sled Velocity 2.0 ft/sec ERONTAL (MPACT

Sled Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/divisicn
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right

Chest Acceleraticn
12.5 g's/divisicn
Filtered_

Class 600

Resultant Chest
Acceleration

10 g's/division
Filtered

Class 600

K | T :
b R C : R !
I ¢ t i : 1 !
e tobect b p b e e
' I i
- O, ek e e s — e -
o
!
T P R [
e T S T - AN S
¢ '
_ e
\ ¢ !
[ Rt . ST S, H

B TR T T e o ke e e e e e e 1 4

F&—— 12.5 msec. - f -

D C= PENTED ML S A

;
— ..'_. —_— !
.
—— - ——— e b S — ——r— —
- 8 [
—— - ' - - — e
— e e e e e e e e A e
——————— B —————




B

SUMIRARY UATA HLAD ALLELEERTIUNDS

Test Huhor A - “‘*BO

Test Type

STROLESG #5590

Dummy _ 3-YZ=AR

Sled Velocity 28 9it/sec

FRONTAL IMPACT

Sled Pulse

5 g's/division

Filtered s :

!
| c :
Class 60 Tty o e b ——— s
[N SN S -
T T T T .

Antericr-Posterior
VQag heceleration
€3 gls/division

Filtered
Class 1002

Superior-Inferior

Head Acceleration
12.5 ¢'s/divicion

Filtered

Class 100

«Left-Richt :
Head Acceleration ;
12.5 g's/division T T T T T T
Filtered s o o i
Class 1000 . ! -
|
- - .i — — ——
Resultant Head
Acceleration
10 g's/division
. Filtered
Class 1000
}
Severity Index T T T L rn
100 g-- secrav, oo - T

B g T T LT U = A




.o~ Dunmy
- Sled Velocity 23,9 ft/sec

S 102
YA

Test humber /‘?" ‘:7/80

RY DATA CHEST ACCELERATIONS

S=YIAR

Test Type STROLEE #,590
/

. Sled Pulse
5 g's/divisien
Filtered
Class €0

Anterior-Posterior
Chest Acceleration
12.5 g's/division

Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right
Chest Acceleration
12.5 g's/division
Filtered .
Class 600

Resultant Chest
Acceleraticn

10 g's/division
Filtered

Class 600

FRONTAL IMPACT

T T T = ™ —
! s 4 - I i
TTTEETTTT ' i YT T T
! Pl o, 1 [ : !
= p--mt = ) ; -
X ! . :
i M T

e T T —

N ¢
e e b e e e e
1N
— RO - [ S —_ e - -
'




SEUURY DATE RDAD ACCLLERATICNS

Test huber A8 Test Type_pETERSoN R G8.

VIR b PEA
Der Vo e VAR - - e e

Sted Velenity 28,201/ vec FRONTAL _(MEACT.

s s

5 g's/civision
i

C

FAVE oS

J
S ——

Ludovior Posic
iq' "\; /rrrT vriien .
teJ ' c 1,, e e e TN -

vie/eivision ~——— Nxﬁj/f‘~’-\\\_,,/’~”
E"l((_l-.“ ~—N
Ciess TU30

—— - /\/\“'_/\‘“—/’ ————
Seperior- Inforior

Peod focceleretion
]?.J Ul‘/" V 1:10
Fi]LL.<i

Class 1070

-- -——i{ Fﬂ—— 12.5 msec. BT -

ebeit-Richt e A T — e
licad Acceleration
12.5 g'v/division
Fitiercd )
Class 1000

Resultant Head
Acceleratior
10 ¢'s/division

Filtered f\f‘
Class 1000 e \’“"\—\MJ\

Severity Index
100 g sec/div.



A
Test Huiber 7
Duriny = .
Sled Velccity

Sled Pulse

5o g's/division
Filterec

Class 60

Anterior-Posterior
Chest Acccieration
12.5 g's/division
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right

Chest Accoleration
12.5 g's/division
Filtered

Class 600-

Resultiant Crest
Leceleration

10 g's/civision
Filiered

Class €00

SUNMARY DATA CHEST

"4-'.)‘
FE
h ¢

R

SLENEREY -2 W

1t/scc

ACCELERATIONS

Test Type FIT7HASON 7583

Ehi e M T AL 35 Er e

[

Nt Qo . s

~—ﬁ4 F&-— 12.5 msec.

———— -__ﬁ._.v-—f\\ i\ e T e —— e

}




SUHARY
Test fuber_A-Y82

Dusny__ 3-YEAR.

ATA HEAD ACCLLERATIONS

Test Type KANTWET R 74

Sled Velccity 29.51t/sec

. Sled Pulse
g's/division
Filtered
Class 60

Antericr-Pasterior
icad fecrleration
2!5 "C ": T

g s/division

Filtercd

Class 1000

) Supericr-Inferior
sy Head Accelavetion -
. 12.5 g's/divisien
Filtered
Class 1000

«Left-Richt

Head fcceleration
12.5 g's/divisien
Filtered

Class 1000

Resultant Yead

Acceleraticn

10 q's/division
- Filtered

Class 1002

Severity Index
1009 "= scc/div,

ERONTAL IMPACT.
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— e T
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SUMMARY DATA CHEST ACCELERATIONS

Test Humber A - ‘/8 2 Test Type KANTWET #78
Dunmy 3-vegae
Sled Velocity 29, 5 ft/sec ERONTAL (MPACT.

Sled Pulse D T
5 g's/division L SN
Filtered : : ‘ '
Class 60

! : '
Anterior-Posterior R N o )
Chest Acceleration i ~" o
12.5 g's/division R . _

Filtered
Class 600

Superior-Inferior  ~ 1 o T -
Chest Acceleration -

12.5 g's/division
Filtered
Class 600

S U O

1

T ENTsomsoN GoULD G
-—c-[ }‘V—- 12.5 msec. S LiViSION, GotL

. Ly IHD ERMTEDINU S A

i
EaE R T PSP e e e e e ——————

Left-Right e b e e
Chest Acceleration ) SRR S o
12.5 g's/division

Filtered Sl L
Class 600 . e
_...___~_-_‘;.- — - —— e i ———— e
|
|

Resultant Chast
Acceleraticn
10 g's/division

Filterad o ‘ - o
.Class 600 _’/’/\/\A.N N B}




LT RITIONS

Sy DA Bl
Test L ‘2,"."1’.“4 - Y g’gd Test Type 7e7- GUARD

VY A YA - e e

Stcd Yelocity gg. 41t /sme FROIMTAL IMFPACT

Ted Pulee
g"/ﬂlvision

.] "r(\.

Clasn

- N

[J AN
Y

o e

& w=Posterior
t‘:' ..': ll\_.’“_hl ‘1]))

et gt ivisaon ' N
- e e - e

Loird

Iii
(17: ](“O

H"ldv~vJ“Y]O
o0 [oceloration
? Logto/aivision
3 :

C'?‘“ﬁ-d;“‘.(ﬁ

il
tees 1000

. ' -u. ’«v— 12.5 msec.

elelt-Rioht e N
Head feceleration

12.5 g's/divisian

Filicred

Class 1000 - ‘ ' |

Resultant lcad
Rceeleration

10 q's/division
Fittered

Class 1000

Severity Index
109 v - sec/div.,

[ VU



SUMHARY DATA CHEST ACCELERATIONS

- .'; h {’; "\) - - - L ] "

Test Humber #3777 {’_’;_ N Test Type 7o T (U4
Dumay  m—- v - - L

Sted Velooaty - A Tt/sec ' ERONT G e (TPACT

Sled Pulce

5 g's/division
Ytered
£ss

Fi
(i 0

oa X4

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtlored

Class 600 '“‘"‘“*'*—-\\V/\;//A\~/,rA»~**—’*”ﬂw-ﬂNw«/’“~»»~\\

. Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered
C]GSS 600 B /’\_»\——-\.-,-_4—-——/“}\'\./\‘/"\*—
A .
———@-{ }4‘3—-— 12.5 msec.
Le{t-Right
Chest Acceleration L 3

12.5 ¢'s/division
Filtered
Class 600

lesuliant Chest

ficceleration

10 ¢is/division 7
Filtered /'\/ \

Class 000 /



Sled Pidor

5 a's/civision

Filteied d,hf’“\\
Clasy OU Vi

Stperior- Juforior
Head Lecelorveainon
12.5 ¢'</division
Filtorod

Class 1000 ;

f

- . ——a4 F&—— 12.5 msec. i

- - -

eLeft-Right

Kead Aceclereiion
12.5 g's/division
Filtered

Class 1000 -

Resultant Head
ficceleration

10 q's/division
Filtered

Class 1000

Severily Index
200 ¢7.% sec/div.




SUMMARY DATA CHEST ACCLLERATIONS

# 4

-
&

2 oot 3 .
P Test Type o = 18720

Test Kumber 4}~
DU“‘.:n_y - \f“:/_} 0

Sled Velocity s, Tt/sec ST A W

Sled Pulse

5 g's/division
Filtered

Closs 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered
Class 600 N
: EEE— SN TN

Superior-inferior

Chest Accelerition

12.5 g's/division

Filtered

Class 600 )
//M\“\”\v“ﬁ/%//«AKK%\J“*-

T A y

e

~

\ I
/

J

-—4@{ ¥i%—— 12.5 msec.

Left-Right .

Chest Acceleration ’

12.5 g's/division )

Filtered A S

Class 600

-

Resultant Chest
Acceleration

10 g's/division
Filtered A
Class 600 '



SUi

Test Vo ber A

“
i

TEXENY]
'A.'ﬂ. N

DRALA BEAD RCCELERATIONS

IS S AN

Duivy, 2= YEAL,

Sled Volooity il

Sted Pulee
S ¢'s/division
[iltered
Clens 50

e e e e e

Superioi-irforior
Head Jeceloretnen

12.5 ¢'s/division

odeft-Richt

Head feceleration
12.5 g's/divicion

Filtereo
Class 1000

Resultant lead
hceeleration

10 g's/division

Filtered
Class 100¢

Severity Index

100 y sec/dv,

Q% Testyp2_ T0T-GUARD

t/see FRONT AL IMMPACT

e e AR e




Dumny e
Sled Veroorly. . po o TU/sec

SUKIARY

Test Rumber #7

Sled Pulse
 o's/divisicn
Piltered

Class 60

Interior-Posterior
Chizst hcceleration
12.5 g's/divisicn

Filtered

Class 600

Supericr-Inferior
Cliest Acceleration
12.5 g's/division
Filtered

Ctess 600

Left-Richt

Chiest Acceleration
12.5 g's/division
Filtered

Class €00

Resultant Chese
foceleretion

10 a's/uivision
[iltered

£37 .8 600

@ » an
“pos

Test Type o= o tIAD

J e o e e S,

P e g
(Tfnedd N 4N T

—— __.,\\ /“‘W\«\_"U«'\J i VNS,
A
\ e /
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SUMMARY DATA HCAD ACCELERATION

Test tusber A-486 Test Type STROLEE #590
Duzoy_ 2 - YEAR : -
Sled Velocity 43, gft/sec ERONTAL IMPACT

T T TR T T s {""‘r“’"r e b aien b b e R i

e e - pom et e e - -

Sled Pulse
g's/division

Filtored

Class €0

Anterior-Pesterior
Vgad Acceleration
.5 gls/givision
Filterad b :
Class 160 e —- : i

AN "
oo g R o
[ A T H -
} SRN ST S L :
|
> e Y= men
=TT T T T ——
ot i b H

Stperior-InTerior
Head Acceieration -
12.5 ¢'s/divisien
Filtered

Class 1000

Lleft-Right
Head Acceleration e M e
12.5 g's/civision S R S
Filterad T T T e e
Class 1000 D R T

H
|
T T T e
. o .
- R . H
{ ; N
I S S
H v -

Resultent Head
Acceleration
10 g's/division

. Filtered
Class 10C0
- et e T )
Severity Index | : g — -
100 ¢-*- sec/aw. < -




SUMMARY DATA CHEST ACCELLRATION

Test tumber A- 5(5?53 Test!
Dummy 3-YEAR ’
Sled Velocity .23, 5 1t/sec FRONTAL IMPACT

Jype STROLEE #590

Sled Pulse o e g s e i -
5 g's/division C T B
Filtered —

Class 60 o

Rnterior-Posterior - o fomm ot et b

Chest Acceleration e —
12.5 g's/division i et A H—
Filtered = e
Class 600

Superior-Inferior : T T
Chest Acceleration S A - S S S
12.5 g's/divisien - » ‘
Filtered

Class 600

T
f

g m e e e RIS
i

Left-Right S S
Chest Acceleration ;

12.5 ¢'s/division e s e - e e e
Filtered e e o e
Class €00 e T ST

H i . -
. B o i
l
;
- — — —1L —
— e S, S

Resultant Chest S
Acceleratien e e e
10 g's/division : Coomt ;
Filtered
.Class 600




SULRY DATA BEAD ACCEERATIONS
Test fud o /%~_“:"’%7 est Type PETERSOM 68

Dubety = Yrmasl _
Stad Veloci by, if t/’sec FRINTAL IMFACT

Sted Pulae
b g's/division
Filterad
Clase 00

AN A -
N
v

Lntevior-Pos
Heaa [eocetor:
12.5 ¢ s'J;v.a.o“
Fi](”r(o

Claes 1000

==,

Supericr-Iniorier
Head feceleration
170 o' /divicae
li‘u(l(u

Class 10060

—-a% %&—— 12.5 msec;

. e ,%.L\ﬁ»um/\_ -
Left-Right

fead Acceleration
12.5 ¢'s/division
Filtered S
Class 1000 ‘

Resultant Head
heeeleration

20 g's/civisicn LA
Filtered _///’//’2' V‘\v,\\§/_\“,~
e —— T —— ———————

Class 1000

Severity Index e
2004+ sec/div. -



¢ AT L1
SUMMARY

Test Number /.
Duriny o s
Sled

Sled Pulse

5 g's/division
Filtered

Cliass 60

Antericr-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Superior-Inferior
Chest Acce!oration
12.5 g's/division
Filtered

Class 600

Left-Right

Chest Accelerztion
12.5 g's/divisicn
Filtered

Class 600

Resultant Chest
heceleration

10 g's/division
Filtered

Class 60O

VTG

- A
BRI A W VR RO )

ACCLLERATIONS

Test Type PETTMRON_#H64

RO T AL IMPAST

} \\~~-\~~—-—- e —
TN SN T
b\/ et -
L —r [ I i
A ™\
N ‘\(\‘\/V\\ . va/ V\, Voot NP
——a% }ﬁ&—~ 12.5 msec.
RPN A SRV N "»\\/\/"\‘:’L/\._f\- S AN e e e e




SUMMARY DATA HEAD ACCELERATIONS

Test tiumber ,8*488 Test Type KANTWET %738
Durmy _ 3-YEAR '
Sled Velocity43.9 ft/scc - FRONTAL IMPACT

Sled Pulse

5 g's/division
Filtered

Class 69

Anterior-Postarier
vgad Feceleration
2.5 qte/iivisi
g's/division
Filtered
Class 1000

Superinr-Inferior .
B2ad Acceleraticn ] L Ll _,_ e
12.5 ¢'s/divisien . _: Sl S,
Filterca e sl e e e
Class 1000 A o,
Lt N I A t oo
l 12.5 msec, 'NSTAUMENTSDIVISIGN, GOULD 1T
) | CLEVELAND OHIO PRMTED INUS A
T T ) f Tt
—_— __;.__._ 1= P — i —
+left-Right

Head Acceleration
12.5 g¢'s/division
Filtered

Class 1039

Resultant Head
Acceleration

10 g's/division
Filtered

Class 1C30

Severity Index
100 g-*- sec/div.

Al S - e




© ¢ SUMMARY DATA CHEST ACCELERATIGNS

Test Number ,4‘1/88 Test Type KANTWET * 78
Dummy  =2~-vyeaR
Sled Velocity £3.9 tt/sec EROMNTAL _MPACT

B s mo g

1

Sled Pulse
5 g's/division

Filtered SR
Class €0 R

Anterior-Posterior T n U
Chest Acceleration = [RR I R R — R
12.5 g's/division I ) s
Filtered
Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered
Class 600

Left-Right B
Chest Acceleration T T -
12.5 g's/divisicn L , o o
Filtered O U
Class 608 S S

""’T‘“'f‘*“l'—"——" _— e - - =
i e L , _
e e
p - : r—
Resultant Chest 777 C
Acceleration o

10 g's/division
Filtered
Class 600




SULHARY DATA HEAD ACCELERATIONS

T Test !.'uzs‘)er__A_"_'j&_o_[_ Test Type #AMILL.

Durity  3-YEAR PROTECTA-TOT
Sled Velocityd4.3ft/sec EFRONTAL IMPACT.

Sied Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Head Acceleraticn
12.5 ¢'s/division
Filtered

Class 1000

Supericr-Inferior
Head Accelerztion
1%.5 g's/divisien

! Filtercd : T R I

POURES S UM G S0y . O SR SPRE S N S

Class 1000 : i1

N R
———=4 F&——-IZ.S msec. | BRUSH M

I CLEVE

.
e -
L U
»—-_i_-—. e e e e e ——— —
L B
{ - - J-ﬁ O S, S,

.Left-Richt - ‘
Head Acceleration S
12.5 g's/division T T : - S
Filtered R A N S
Class 1000 o T P :

~—r
i —
b — S S G S
- t
AU S : S )
SRS SO SR oo

Resultant Head
Acceleration

20 g's/division
Filtered

Class 1000

Severity Indox
200g%.5 sec/div.

- . PR . mA ® R s s e e p——— § t M0 oSS S8 MIREL ) v e A U ¢ 7 = TPy



SURHA

RY DATA CHEST ACCELERATIONS
Test Hunber 4-489

Test Type HAMILL

Dunmy 3 -y

PROTZCTA~ TOT

Sled Velocity 4. 3 1t/sec

Sled Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right

Chest Accealeration
12.5 g's/division
Filtered

Class 600

Resultant Chest
Acceleration

10 g's/division
Filtered

Class €00

FROMTAL IMPACT

T T T
N S PR S | S
I R [ 1
T T T
— — . SR — [ " — S ————— e b e _._..E U W

_ _
i
P TS SO - ; i
+ e —— ; [
! : i
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. ] Tttt T T o
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SUIMMARY DATA HEAD ACCELERATIONS

Test turser_A-420 Test Type HAMILL
Durty__ 3= YZAR PROTEGTA-TOT
Sled Velocity3o.5t/sec . REAR IMPACT
T
|
Sled Pulse A T IS S NS A R )
5 g's/division i b .t 5 e
Filtered S A S S N C
Class 60 - S :

Anterior-Posterior
. ?oag Acceleration
+2 g's/division
Filtered
Class 1003

Superior-Infericr
Head fcceleration
12.5 g's/division
| Filtored
. Class 1000

oleft-Richt
Head Azceleration SR — b i
12.5 g's/divis]’on S V. VNS -
Filtered e . S SO
Class 1000 T T e e

oz e e - B - -
’ L ————
+
R U6 S P SO S U AN -
.. [ B
UG SO WU -
‘ t

Resultant Head R
Acceleration e
. 10 g's/divisicen A e
- Filtered
Class 10C0

Sever.it-y Index N - .. .. .'.i -:‘1.,. R .; o : o
10057+ sec/aiv, - - — -

A AL LB e S T Tl S BT A ETO . . . 2 n e vt T TR 4 Em o el el T :



SUMMARY DATA CHEST ACCELERATIONS

Test HNumber A"I/90 Test Type HAMILL
Dunmy 2-YEAR PROTECTA - TOT
Sled Velocily 50,5 Ti/sec REAR linFLCT

Sled Pulse S OO
£ g's/division e I
Filtered : , :

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Superior-Inferior N S
Chest Acceleration S A S
12.5 g's/division —— : S —
Filtered — e = s : —
Class 600

—-ﬁ4 L3~—— ]2 5 msec. = °T‘¥‘;i§T§bR7'

CLe \-_..I'.JO_‘O PRATIZ NU

'___; .

Left-Right ’ e
Chest Acceleration N

12.5 g's/division e ) )
Filtered’ U
Class 600 g O

T
Resultant Chest R e _

Acceleraticn
10 g's/division
Filtered

Class 600 /S A




SUMMARY DATA HEAD ACCELERATICH

Test teter A-4H9 |

Dunny_ 3-YEAR
Sled Velocity3p.0ii/ses

P e

Test Type_S7ROLEE 590

REAR IMPACT

Sled Pulse Lr‘”

g's/division S --~§»~'~~~-’—r. e A : R

Filtered

Cless €0

Anterior-Pestorior
?aad beeeloration

€ gls/dwvision -

Filtered e - e

Cless 1C20 S e
! . L T
L ;__.!_. ;'

Superior-Infarier

Head Acceleration
12.5 ¢'s/divisicn
| Filtered
. Class 1000

. 5 G SO 2 0 ) O S

[

v

2V

t
H

«Left-Richt e

Head Acceleration
12.5 g's/division
Filtered

Class 1000 A

i
: { ! T
R T

Resultant Head T

Acceleraticn

10 g's/division
‘ Filtered

Class 1000

Severity Index
100 g-*- sec/aiv.

i — e —— — e
1
-~

e e eI R SRS SPSRPE SN SRS SRS ST S Sl T i SR e ypmpeey P EF U -




SUMMAR
Test Number /?"4/9/

Y DATA CHEST ACCELERATIONS

Test Type ST ROLEE FSs90

Durmy

3-YTAR

- Sled Velocity ~ ., o Tt/SEC

el e

Sled Pulse

g g's/division
Filtered

Class 60

Anterior-Posterior

Chest Acceleration
12.5 g's/division
Filtered
Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered
Class 600

Left-Right

Chest Acceleration
12.5 g's/divisicn
Filtered

Class 600

Resultant Chest
Acceleration

10 g's/division
Filtered

Class 600

REAR IMPARET

T I T - -
: N
frpr e e e e
S S S —— T
i
!
:
et e e e -4 — e e e
T T -
—lm — USRS Ry YU S O S

: e
SRS, SV S SN SO

'
o

.. -
| U I e
t
— — —— — —— o :L.. — ———— ey
e ! - —

o fe e T

. FRNTED 4L 3 i

U, I
o——— - et e e s et =+ et =i et = = b e — S e e
P e e mmn e e - - e -

P, N e ¥ g ' SR

v —




e LA r e IRt
Sy DA HERe ALLELEGA RO

Test Nunhor

Uiny RN o W
bty F= VAR

) ~
A-HQZ Tesl Type PETERSON

w

eg

Sled Yetearty o767t/ sec REAR IMPACT

Sted Pulce
g's/divisien

Fillered

Class 60

Auterior-Posterior
U;nd Acoedrotion
e afe/divicien
] ea

©
1

2
el
.I’( B
1068

oo

AN

<

Bl

SOUEen

f
vision

——ﬂ
P

el
—

‘ eration
12.5 g's/division
Filtered

Class 1000

Resultant Head
hcceleration

10 g's/division
Filtered

Class 1000

Srverity Indeox
100 g *~ sce/div,

AN

|
| o o .

[
'

~rl T T N T —



SURIARY DATA CiHLST ACCELERATIONS

Py
Test Nunber /¥ %2

Dummy 2~y

Test Type RETL oM B 6HA

Sled VeloCity .o r

Sled Pulse
ng's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right

Chest Acceleration
12.5 g's/division
Filtered

Class 600"

Resultant Chest -
hceeleration

10 g's/division
Filtered

Ciass €00

ft/sec S8AL N PACT

VT
/\ /

__,Nf\/*//v\Jh\A

——4b+ %&——— 12.5 msec.

——— T T
e

e e N ———~—— "’,\AM"—\.\,,/’\""V"‘ S

f o]
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SUMMARY DATA HEAD ACCELERATION

Test huaber A;Hﬁ:%_

Test Type_KANTWET %78
Dumiy__ g=vaEAR :

Sted Yelocity29.9ft/sec ) REAR IMMFPACT -
| i adiaindessh e _J“"._"‘_-"' - T - T e -
S A - T
Y S UUPUIUIE S

Sled Pulse

g's/division .-
Filtered
Class 60

s — _.:.__._.,E__ B i e T T T

i

ESE A O S

Antericr-Posticrior Ce el :
ﬁ!ga;’: hecglerition e —
€3 g's/division - - - L S - -
Filtered et b . : S
Class 1000 T e i e e e

Superior-Inferior
Head Accelerciion
12.5 ¢'s/divisien
Filtarea o e -
Class 1000 T T T T T

TS IO P
BRUSH (NSTRUMENTS 07/ S1C
- . | | 12.5 msec. USH (NSTRUMENTS 07, 31C

| CLEVELAND C+!0 22 Tt

R — : oot -
[ S SR

v v I3 — T Tt T s
- - - e e e e e
S U

i : ' '

«Left-Right S e T e

Head Azcelerz:ion -~ - - - == - -
12.5 ¢'s/division e T

Filtered S T
Class 1020 T e

——— — ——— i ——— !
P

Leo— — {

— o e e e e -

. .

———t e —— - —

! S,

U S S e e e -

B

B

Resultznt Head
Acceleration

10 g¢'s/division
Filtered
Class 1030

Severity Irdev
100 g-*~ sec/aiv, o Sy T T

[ERVIUANY SPURSE UV S

B L L b SC USRI IPIL SN SUSREISI RV



SULAARY DATA CHEST ACCELERATIONS

f .-
'[gest Number A"/93 Test Type KANTWET ¥ 78

unmy 8- vIm AL ‘
- Sled Velocity z9. 9 1t/sec REAR IMPACT

Sled Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

U e 2 — R
—_—t e ; E !

Superior-Inferior B A A
Chest Acceleraticn e L
* 12.5 g's/division : — S :
Filtered

Class 600

e o g [— ——
-
— e S, - R,
i

Left-Right . e
Chest fcceleration  ——————~ith
12,5 g's/civisicn S e i e
Filtered - e e

Class 600 e e e e

— [P N —_
!
i
e s e e e e e e
J s J Ut e e ——————— e e =
\
i e e ey e ——

Resultant Chest e — —
Acceleration : : L e e e

10 g's/division - B ,
Filtered ' A _ o :
Class (20 o M



SUMAA VOUATL BERL ALCELE TPATLONS

Test Rwaer. A~ H44Y Test Type 10T~ GUARD

[y 3 ~\VE P

Ted Velociivza b {i/sec REAZ _IMFPFACT

Sled Fulse
S 'a/division
[ flUU"

¢

{
Teons 69 N

/\‘,lz'»a (e Yvr] 1[\, Or /

HIFZ(I ;"‘ celoretion - — : ’/\//—\_‘\
VAR /,I s C

Vo G
\v[xi [SH]

Filierzd
Ciess 1C60

Surarioi-Tiferior
Lo A. clerition ) )
12.5 o's/division

Fiteeiva

Class 1000

«lefi-Right

lirad Acceleration
12.5 g's/division
Filterad )
Class 1000

Pesultiant Head
feceleration

10 g's/division
Filtered

(lass 1000

Severity Index
100 ¢ - sec/awv.



SUrApyY DATA CHEST /\CCEL[RA-HONS

» .A ". r‘.:l ‘ ‘, ———— ) g
Test Munber - 207000 Test Type 70T = GUALT
Durwny — evepg
Sted Veiocity g » - Tt/sec LALLM AT

Sted Pulee
. o/

5 g'~, 1."»:1\'1'51'0n
Filtered
Class €0

Anterior-Pesterior
Chest Acceleration
12.5 g's/division
Filtercd

Class €00

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class €00

Left-Right

Chest Acceleration
12.5 g's/division
Filtered

Class 600

Resultant Chest
Recelerition

160 o's/Mivision
Fittered

Class €70

~.

e e e e e e 4 i s s i

R \\/*\ N e

T ’\‘\«/\/\ e

—-—a{ Fs——~ 12.5 msec.

e e e T

A e~




Sted Pwlsﬁ

S a'dwvision
it 1\\
[lLA«I-

huiocio - Poatorio

“"n Lecoitreiicn
1

17 'J\‘ /H\n,-!f,‘n

S :s.ou Inferior

“e A’F ]‘Xdiiuﬂ
5 (‘ s/divicion

W
12
F
(

2.0 <10
$1tc0n)
lass 1000

Lefi-Rigit

Head [oceleration
12.5 g'</division
Filtercd

Class 1000

Resultent tiead
Acceloraticn

10 q's/division
Filleved

Ciass 1000

Severity Irdox
100 ¢ sec/div,

o
/‘J

—)

HEnD Atcihcind.

o
IRV N}

HELT

Test Type

VAN

L FTYEAZ

A IR o =cw
LRELTI EIPACT
[ i A S
i
\\r—\.-\’_-_‘\ﬁ__ —_—

-

S N

e T S — T

s

/ '\ VN ‘_/.,\~../\v\/~\__ .



SUMMARY DATA CHEST ACCELLRATIONS

LY s W - y - a
Test Numbor 5= 700 Test Type #H S & T 4~ VaAL
Dummy e v ' o
Sled Velociiy o,z ft/sce REA trafnat

Sted Pulse

5 g's/divisicn

Filtered

Class €0 7T

fnterior-Posterior

Chest Acceleration ~
12.5 g's/division ____/ o
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division

Filtered e T N~ -
Class 600 N

Left-Right

Chest Acceleration
12.5 ¢'s/division
Filiered

Class 600-

e e e e T e T e e e e T e et

Resultant Chest”

Arceleration

10 g's/division VRN
Filtered /” AN

Class 60N et DT el e e e e



S Lo ot Al ACLEELRAT TGN

o R A _ 3 -
[rol o “f"_ﬁ_“"’ﬂi}s_‘_::s_ Test Type HSRI £-YEAR.
“L::;".i}’u N ~"?:f_\1f=;:“»"f!\"_"-'> o L ]
Sled Yelocity fa.6ft/ucc L EIDE s
f:’l’:f\g }11]5\
5 {;";/(ﬁ\;\p“
Fitiee ¢
Clovs €0 ’\/\N\\
S .
— ~—

i ot osor
L B e e ~ . o
1.4 [I "y o \,f\/__w,"\/\[\/—- J_

o/t hvasa
[
C¥aze Yool

|

defi-Richt — /\\,\N.\_‘_,_,,,\”_/

(2}
Head Acceloretion
12.5 g's/divicien
Mitered
Class 1000

Resultant Head

heceloration

10 a's/division

Filtered AW\

Class 1000 ——— N

verity Intix
103y - secyaiv.



SURIARY DATA CHEST ACCELERATIONS

Test Number #
Dumay 22— -, .o

A I R .
e Test Type__H4S&T_ G- YEAR

Sted Velocity . oL fijsec SIDE 1 PACTE

Sled Pulce

5 g's/division
Filtered

Closs 60

Anterior-Posterior
Chest Acceleratien
12.5 g's/division

Filtered

Ciass 600

Superior-Infericr
Chest Acceleration
12.5 g's/division
Filtered

Class 600

left-Right

Chest Acceleration
12.5 g's/division
Filtered

Class 600

Resultant Chest
FRceelerztion

10 aq's/division
Filtered

Class €00

o ————— e s

e e ..“,_A//V.\V‘
- - - -~ A
\/\\/_.\

——e4 P@&—- 12.5 msec.
/ \n\“‘f "

e e e e e e




. H ma hnnm_>«r¢~>

St

Test Nunber L Y &.\
. ’ Duray 3 - AR

!.\:ﬂh,lllll

- Sled Velocitygg 4ft/sec

MRY DATA HEAD ACCELERATIONS

Test Typ2 mAMILL

POACTECTA-TOT
S1beE (IMPACT

7/
: N Sled Pulse T T
. 5 g's/division T 4 . o o Tmm o
Filtered e A . ;
Cless 60
- A S S A S T
Anterior-Posterior T T T
leaq Leceleratd .5 N S L
. 2.5 g's/civisio
Filtered
_ - Cless 1000 .

: Supzrior-Inferior

12.5 g's/divisic
| Filiercd

Class 1000 P ,:

Tnaul 12.5 msec. BAUSH

«Left-Right
: Head Acceleration .
12.5 g's/civision -

Filtered S
. Class 1000 N i

L v ha - T v e
. '
- e e e
. . N PR [ ————

Resultant Head

Aeceleration O S

. 10 g's/division S

I -

1

Filtered e e h S E

. Class 1000 . .

. .. . T T v - i
- - R — s meee s e . e e e e b e — e mrlv' .- = -—
I

. - —— a2 . J S S G

Severity Index Sl o
. 100 9°*- sec/div. - - — S
T T
o S

Tk Bt s WBTTE T h ccadeo® et s = e e PN 4 8 T e T P & SN W A8 IS
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SUMMUARY DATA CHEST ACCELERATIONS

Test Number ﬁ"4/77

Dumny 3.vyeaz

Test Type HAMILL

 PROTELTA-TOT

Sled Velocity z9..4 1t/sec

Sled Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/divisicn
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right
Chest Acceleration
12.5 g's/division
Filtered -
Class 630

Resultant Chest
Acceleration

10 g's/division
Filtered

Class 600

SIDE (M FEANCT

T e ——}
! H : : ' H R
A T 7
T i -
|

'
[ B S SR
1
! - e
r
i
i .
|

1 e ——



SUTTLEY DAV HLAD ACCELERATILNS
. . o)
fest huhor _,_4_\;“‘15_{8__ Test Tvpe T 0T~ €HARD
Duwy 5

Sted Velood

1002

G5 e L MDE UAFACT

(R

\

L)'é:;

Leierior Posterior

Fiomdl e p T amd e e e s e
fCoa ALC et '\/\/V’-———
V205 o1 g sie S

G Lfanviaen
Filterad
Cless Tuad

YA

Rt

oLeft-Right A e _
Hyag feceleration
12.5 g'c/division

Filtered o
Class 1000

Resultant llead

fcceleration !

10 g's/division //\V\L ﬂm
T

Filtered V_N\,»/\ ' |
Class 1009 — ~———

TN

Severity Jni:
[av,

100 ¢ - sec



SUMIARY DATA CHEST ACCLLERATIONS

4
Test Rueber £~
Dunpy .

Test Type_ 707 - GUARD

S0 e anT

Sled Pulse
g's/division
Filtcored

Class 60

o

Anterior-Posterior
Chest Acceleration
12.5 g's/division

’ o . L
Filtered T s e N — —_—
Class 600 \\\ﬂv“/f~

——s “_r e o e

Superior-Inferior
Chest Acceleration
12.5 a's/division

Filtered N

1
: u —
Class 600 S Nl N I

——{x{ %3——— 12.5 msec.

Left-Right YU\

Chest Acceleraticn S, N\ e e -
12.5 g's/division

Filtered

Class 600

Resultent Chest

Feceleration

16 o's/division A
Filtooed SUAREVN

Class 600 . RN



Test l(x.u;bc'r_,é“ vae Test Type,

Duasny
Sted Ve

S]Pn It

.) (‘

oA
B YEA

locity2n.y it

]r,".

Jdwvision

r‘l] '.’_I ot

Cla.s (0

[

-

n

e ~n LS
farovioc- PogTe ety

5.

ol
gr(xr"
Fifiooe

Cless 1

h"n'u :\(
25.
I“\c.\

Class

'L{.fl \]
Heed f"
25.0
Filicre
Cless 1

Resulte

°U1“Vi01 InTe

Celeravion
'/dsviﬁiun

UOO

1103
celeration
Q/U‘ ision
\I
1000
(‘x

celeration

q's/divisicn

d
0G0

nt Head

Acceleration

20 g¢'s/division
Filtevcad

C] 55 ]OOL)

Severity Index

100 o

sec/div.,

CLSTA LEAD ACCTLERATIONS

L MCDLFIED TOT-GUA LD

t/vee T 328 N Lcd S < A—

-i% Fl—— 12.5 msec.




SUMMARY DATA CHEST ACCLLERATIONS

N
Test Nunber /7 =%G9 Test Type —
Dumny 2. w0 , AODIENEN e Gt
Sled Velocity ;5 ft/sec SULE (4T -

Sled Pulse

o g's/aivision
Filtered

Class 60

finterior-Posterior

Chest Acceleration

12.5 g's/division

Filtered -—-—'-“-—-~*~\~V\f //V~/\\/\,/-f’“\«“‘-‘-——‘~"““"“
Class 600 . v

Superior-Inferior
Chest Acceleration
12.5 g's/division ' .

Filtered I
Class 600 S I

Left-Right /\f \W /\»\
Chest Acceleration ——e—— " UG
12.5 g's/division

Filtered

Class 600

Resultant Chest

fcceleration i\

10 g's/division KR

Filtered EE AN

Class ¢00 . NN R



SUMMARY DATA HEAD ACCELERATICHS

Test lwrber A‘§_00 Test Type_STROLEE #8590

Durmy  3-yEAR
Sled Velocity 29, G fl/s2c SIDE (HPACT

Sled Pulse

5 g's/division
Filtered

Class €0

Ertevior-Posterior

?gag Acceicration
2.5 g's/division
Filtered

Class 10C0

Supericr-Inferior
Head fcceloroticon
12.5 g's/division
| Filtered
) Class 1620

N N T T
- BRUSH INSTRLMENTS

oleft-Right

Head Acceleration
12.5 g's/divisicn
Filtered

Class 1000

Resultant iizad
Acceleraticn

10 g's/division
Filterad

Class 1002

— . —
Severity Iriex CTILTnn T
163 g-'- sec/aiv. - — mmmen s e e

U S U ) PR SO W P - f o meee v ae A P 0. MG L L ta e e TR R SV S e s sl 2T T i



SUMMARY DATA CHEST ACCELERATIONS
Test tumber 4 -500 Test Type STROLEE #5990
Dunmy _ 3-vyEAZ
. Sled Velocity z9.4 ft/sec SIDE IMPACT
Lo ] I T T 1

SRS I A5 O 0 1 DN 5 R EE L S
Sled Pulse SN S S S—— S
£ g's/division 0 -

Filtered j ‘ — : _
Class 60 e e e S

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 ¢'s/division
Filtered

Class 600

Left-Richt
Chest Acceleraticn

12.5 ¢'s/division o L
Filtered RS SRS o e ot et
Class 6CO S
e e __._<i,_,...__ : - e e
. R S - -
N —
- e

Resultant Chest
Acceleration

10 g's/division
Filtered

Class 600

e e -




IR DATA LAY ALCELECATIONS

.,"- % . .
Tes A'wc,r__/:}*j;»‘_ff"!_ Test Type. PETERSOM ¥¢.8

Py

Sted \

1

Fi];kl

Ciess

I A ZS

C]Culf\“"

o3

ceft/sce SIDC IMPACT

foae PesLerior

P Yoy
SUMVINEES bt BVE ROBY
1200 a0

/ul. IJ‘LAI

]!JO

Svooving- tnforin

1 <~ e FE
h.. freelioretion
L T S A
P e ooy boiail

i
1

T2
e
[

oLeft-f

i

1009

A5 rv
adan

Fera L:nelfrAL1o

5

2.5 g's/division

Filiered

Class

1000

Resultant Head
heeeleration

10

Filtered

Class

s/division
(e

1000

Severity Index

10U

SCe/ay,

ST
.-;4’+ Fﬂ——— 12.5 msec.

U P
| ”jr

B ave K
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SUMMARY UATA CHIST ACCELERATIONS

Test Number /?“ &S0/ Test Type P& wiisop T6A
Dummy 7o 2nat f’
Sled Velocity 5 . T1/sec SIL T 1MPACTT
Sled Pulse
5 g's/division
Filtered
Class 60
. /\,’\/\/\\

Anterior-Posterior
Chest Acceleration
12.5 g's/division

Filtered N NV S —
Class 600 ;
Superior-Inferior

Chest Acceleration

12.5 g¢'s/division

Filtered fie

C] ass 600 e ‘--.——-"//L\ \/u»\_\/v\/\__\_\_‘\x/\w,#__ —_—

Left-Right

Chest Acceleration
12.5 g's/division
Filtered

Class 600-

Resultant Chest
Acceleration

10 ¢'s/divisicn
Filtered

Class 090



[ R RS R T

SUA4IRY DATA HEAD ACCELERATICNS

Test Huwber /4 fsc>£?

Dusy__3 = YEAR
Sled Velocity2g.4ft/scc

Test Type ANTWET "“7‘3__

SIDGE IMPACT

-
L

— st b e e s A
| SOPUNSUPUNI SUNPONRPR S SRS S 5 S S,

. — - —

:

Sled Pulse S— X
5 g's/division - oo
Filtered
Class 60

Antericr-Posterior e

voad fecclaration = y -
/dmvision

F"] were

C]dS.» ](J\)

Superior-Inferior
lead FFCQ!CiEu. n
12.5 ¢'s/division
Filtered

Class 1030

«Left-Richt

Head Acceleration
12.5 g¢'s/divisicn
Filtered

Class 1600

Resultant Head
Acceleration

10 g's/division
Filtered

Class 1630

SCVC‘l"jty Index o -“:m T Tr T T T o
100 g7*° sec/div., S o o




SUMMARY DATA CHEST ACCELERATIONS

Test Humber /4- 502

Test Type KANTWET ¥78

Dummy

3-Y7TAL

Sled Velocity =im. <2 ft/sec

——
.

Sled Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/divisicn
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right .
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Resultant Chest
Acceleration

10 g's/division
Filtered

.Class 600

SIDE I1MPACT

S S S S SO SO L S
) ) H

S A N Y . e
T 3 N T

. [ S )

e T P S

[ S S .
i

; [ v

e —_—

| S S,
U S — e e

——4>{ }s%—— 12.5 msec, )
—— - A,%-_ e

: — I
s - - e —_— -
[ b SO S S e e e =
R i
—_— e i - e B ——— -
i -
- e e
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SUMIARY DATA HEAD ACCELERATION

Test tumver_ A4 -503 Test Type_ f#SRT_ G-YEAR
Durmy__ @ = YZAR _ :
Sled Velocityzo.21t/sec SIDE IMPACT

Sled Pulse

5 g's/division -

Fillered -

Class 60 -

Interior-Posterior =~ CoT o T o - -

Heed Acceleraticn T Coo Tt e m e

12,5 g's/division T\

Filtered R

Clzss 1000 AR R
i ) i l I

Superior-Inferior
tead Acceleration
12.5 ¢'s/division
Filtered S e I
Class 1000 - e

«Left-Richt

Head Acceleration
12.5 a's/divisien
Filtered

Class 1000

Resultant Head
Rcceleration

20 g's/division
Filtered

Class 1000

Severity Index T
atly Y

100 g=+7 sec/div. e ] e



-=-- - SUMWARY DATA CHMEST ACCELERATIONS '

Test Humber /4- 503 Test Type HSRI b-YEAR

Dunmy _ G- YEAR
. Sled Velocity 2o, 2 tt/sec SIDE (MPACT

- T — 7 e
S AR TR VRSN N A IO A N
S e

AN S S SN SN S - L. H
Sled Pulse SSCRCE: P GOSN S TSRS S S i
5 g's/division et U '
Filtered e ‘
Class 60

4

Anterior-Posterior e —l-'—1~3__f.__ BT
Chest Acceleration S N B
12.5 g's/division L ' 1T

Filtered e, SN
Class 600 e R T B

Superior-Inferior U ST S
Chest Acceleration R S
12.5 g's/division - — - 3

Filtered
Class 600

Left-Right

Chest Acceleration . A - :
12.5 g's/division . T ,
Filtered OO S
Class 600 Ty UL PG

_ ";‘”T'_' -
S - e i
]
]
- - - - ——am e e - —— - - _._}._-_*__., [
b
Resultant Chest. . e ; —

Bcceleration o e
10 g's/division o e

Filtered . - o
Class €00 [’\\W—



SUMMARY DATA HEAD ACCELERATICNS
Test tuwver A-50Y Test Type_ 70T - GUARD
Dummy___ 6 - YEAR
Sled Velocity29.9 ft/sec SIDE (MPACT

Sled Pulse - : : b g Lt ; e ; 2 S
5 g's/division e I A s S M — B
Filtered —

, Class 60 o I
O 0 S L RO SO

Anterior-Posterior - - - ¢ ¢ eem s s e e mmen e
iead Acceleration T TSN e
€.3 g's/division , VT

Fillered Ei:""m-f_:':'""ﬁ—ﬁ’_A"WA“"fA—“'f‘““T’“"“M"_—'“"”“”

Class 1000 T

A S S N

fromemes ~~%"~~"——4ﬂv'~'~w>-ﬁ*—%—f~—r-*—~%-—4"—»4»-‘—~-w~

N L S SR S

Superior-Inferier
T Head Acceleration
12.5 g's/divisicn

! Filiored

Class 1000

«left-Right

Head Acceleration
12.5 g's/divisicn e
Filtered R
Class 1000 e

Resultant Head Tt T ; - —
. Acceleration o e T
. 10 g's/division
Filtered
Class 1¢C0

Severity Inlcx S e s o
100 g-*- sec/div. LT T e s




SUMHARY DATA CHEST ACCELERATION

Test Number /{‘- 509

Dunmy

G- NEARD

Sled Velocity .9, J 1t/sec

Sled Pulse

5 g's/division
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Lleft-Richt

Chest Acceleration
12.5 g's/diviston
Filtered

Class 600

Resultant Chest .
Rcceleraticn

10 g's/division
Filtersd

Class €GO

Test Type_ 70T~ GUARD
SIDE IMPACT
3 R i T -
bt ol P L
OIS S SRS U SO SSS SO S A S S

[ SR PO S S S S
— : :
0 i o o

R S SO SO
ooy ' ' H L )
R ; . -

T e [ S
PO S S S, IR TS S S N
—r e p - Y
A
b . +
o S SV - _
S S S SR
: !
I B SR U S
:

ks ! . |
S S U oo i




SUIMARY DATA HEAD ACCELERA}XON

Test fu .?;or__A_:.QOS Test Type__ 70T~ GUARD

Dumny = VYEAD o
Sled Velocitygp.git/sec FRONTAL IMPACLT
!
S A S T
Sled Pulse L e T
5 g's/division : : * -

Filtered e e

Class 60

Anterior-Posterior

lead Accelaration
55~5 g's/divisicn

Filtered e e e

Class 100 o ‘— B 7“'""""-‘“'{”""”%ﬁ-'—»'”'""" T

Supericr-Inierior
lead Acceleretion
12.5 ¢'s/division
Fiiterca

Class 1000

«Lleft-Right

Head Accelcration
12.5 g's/division
Filtered

Class 1039

Resultant Head
Acceleration

10 g's/division
Filtered

€lass 1020

Sovority Inday - orm e o G :
1060 g--- secydiv. . o

AR Y o R T N Ao

“e




SUMHMARY DATA CHEST ACCELERATIONS -

Test Humber /;" 505 Test Type  707T- GUARD
Dummy 4 -y 7AR
Sled Velocity so. 5 ft/sec FRONTAL IMPACT

F_:_;_f- T ‘ SRR
Sled Pulse — B R A A

g g's/division R A
Filtered , . : o
Class 60 . :

Anterior-Posterior T ) I
Chest Acceleration - R
12.5 g's/division e
Filtered - e e e

Class 600 o w T

|

R

! . . ; T
Superior-Inferior 77 3 I
Chest Acceleration i o ”‘ B
12.5 g's/division S T

Filtered
Class 600

-——l }e——- 12.5 msec. o

Left-Right T e i e

Chest Acceleraticon
12.5 g's/division
Filtered

Class 600 e —__—_—_——

Resultant Chest’ S S
Acceleraticn ’ T T
10 g's/divisieon
Filtered Yol
Class 600 /.r\/ \



. . T oot

. SUMARY DATA HEAD ACCTLERATIONS
Test tinber A-S506

.- - - e SRR

Dummy

G-YEAR

Sled Velocity3o 9ft/sec

Sled Pulse

5 g'sjdivision
Filtered

Class 60

Anterior-Posterior

qged Acceleraticon
€. g's/divisicn
Filtered

Class 10C0

Superior-Inferior
Head Fcceleraticn
12.5 g's/civisicn
| Filtered
- . Class 1000

oleft-Richt
Head fcceleration
12.5 g's/division
+ Filtered
Class 1000

Resultant Head
. Acceleraticn
10 g's/division
Filtered
Class 1020

Severity Index
100 g--- sec/dwv,

Test Type #SRI  &-YEAR.

| FRONTAL IMPARCT

B T U




SUMMARY DATA CHEST ACCELERATIONS

. I -
Test tunker 4 ~505 Test Type HSRI G-YEAR
Dummy G- vyearR

Sled Velocity 0.y 1t/5€C

ERONTAL (MEPACT™

Sled Pulse T T s mm m e e
5 g's/division o
Filtered o :
Class 60 U SR

Anterior-Posterior s **” ey ——"'
Chest Acceleration e

12.5 g's/division
Filtered
Class 600

o T
Superior-Inferior T T
Chest Acceleration : it S e
12.5 g's/division T o e e

Filtered

Class 600 o o o
—e’] I-:'a— 12.5 msec \

Left-Right ’ e R
Chest Acceleration St T s e -
12.5 g's/divisien T ;
Filtersd- oo T e e
Class 600 T ' ' T o o

Resultant Chast

Acceleration T T s e e o
10 g's/division

Filtered

;~ - |
Class 600 / /\\ -
: ) — NN A~

e

.



SUMMARY DATA HEXD ACCELTRATIONS

v st b

HSRI 6-YEAR

Test tumber A= 507
Dumny  6-YEAR

Test Type

Sled Velocity 45.771/sec !

. FRONTAL IMPACT

|
T ] -
STed Pulse SN IS A i —
5 g¢'s/division . oo - : S
Filtered : - ,

Class 60

Antoerior-Posterior
Head Acceleration

12.5 g's/division
Filtered
Class 100D

Superior-Inferior - -

Head Acceleraticn
12.5 6's/divisica
Filterea :
Class 1000

«left-Right

Head Accaleration
12.5 ¢'s/divisicn
Filtered

Class 1000

Resultant Head
Acceleration

10 g's/division
Filtered

Class 1030

Severity Index
200 g”-% <ac/div.

[ S S 3y



YR
S!Jl'nl ¢y

Test Number A-@OHL
b - NEAZ

Dummny

RY DATA CHEST ACCELERATION

Test Type__HSRI _G6-YZAR

- Sled Velocity gznztt/sec

Sled Pulse

5 g's/divisicn
Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

. Superior-Inferior
Chest Acceleration
+12.5 g's/division
Filtered
Class 600

Left-Right

Chest Acceleration
12.5 g's/division
Filtered -

Class 600

Resultant Chast
Acceleraticn

10 g's/division
Filtered

Class 400

FROMNTAL (MPACT

1 \ “._-
e A A PN
e o _

.//\\\ ”‘ O - . o e
SN
e
R W AV AN O NI e N



SULARY DATA READ AUCTEEPATIONS

Tesu tlu oo Q"sz

Duny e \/57..“,:

Sled Voincityze, {)1*/ “C

S]\U l’:'”
S g ‘/r.\.,1ov

F‘i} ‘_‘(»‘

Cless (L j\//\/vv\/\_‘

Lley ooy onterio
Head [,\«igrfiion
25. 0 “‘*”fivisncn

F]](\ Ca
Cless 100

Test Type_ HERT  @-YEAR

e ERGNTEL, [MPACT .

B

Superior-Taresrior
Head feceloration
Qk n Fxrlﬂ:n1r:.

S5LCh

~ Vo

. ——u% Fa—— 12.5 msec.

«Left-Right

Head fcceleration
25.0 g's/division
Filtered '
Class 1000

Resultant tead
Receleration

10 ¢'s/division
Filtercd

Class 1600

Severity Iudox
100 ¢ " sec/div.

e S e et S i et e



T

SUMMARY DT CHUST ACCELLEATIONS

Test Type pHan T  f-Va/l 8

A
Test Number /'~ O
Duommy o0«

Sled WﬂUiH}L_ﬁLﬁjt/MC T LT

.-

Sled Pulse

5 g's/divicion
FiTtered

Cless 60

Anterior-Posterior

Chest Accelereiion

12.5 g's/division

Filtered — ) ,_,.J\/J\/ \*4"»\”,\_\_\/,_.___/—--

Class 600 - e

Superior-Inferior
Chest Acceleration
12.5 ¢'s/division
Filtered ‘ f
Class 600 e ‘

. -—e4 }ﬂ&—- 12.5 msec.

Left-Right

Chest Acceleration
12.5 g¢'s/divisicn
Filiered

Class 600 -

e e T

TN T e TN A e e

Postultant Chest

ficeelercadion

10 g's/division e

Fitterod ; X ,
Class Q0 b T



T N COPTTAVE
SU AT DI HEARD ACCLLERATTONS

. ALy ; -
Test hoor Ao 07 Test 1ype _HSRT_ £-YEAR

Doery __ B-¥&a% . .

Slee Vetocily 44,81/ s o FRONTAL I {PALT

Sted fulse
T, ..
o gy /division

Filtos el i f
Class 60 /V\VKA’V\“\\

Katerior-vosiovicor . \.__/\/\_/\-—-—-——’

ie L A PRV - /\/

Heao foccleration B -
P

visien ///

_.________\\* \/\/’\b’_\_v ~—
Svperios-Inforier . S
Head feocelecetion
26.0 ¢*rs/uivision
Filtered
Class 1000

——&4 F&—— 12.5 msec.

———

«Left-Richt

llead fecclevation

25.0 g'o/division
Filtered !
Class 1000

Resultant tead

keceleration

10 g's/division '/

Filterod »

Class 109 e i} —

Severitly Index [
100 97 sec/div, !



Sbﬂ?ﬂ?\ DATA CHEST ACCELERATION
A ™ e & ,:
Test Huwber f“'__':.gf.i’_‘—l) ) Test nyPE‘ HEoT 4?“","""’1553
Dummy Poade ] - j
R S R
- Sted VCTocTty «ion, ¢ ,ft/ oe T e I OT

Sled Pulce

5 a's/division
Filiered

Class 60

Anterior-Posterior
Clhiest Acceleratlion
12.5 g's/division

Filtered

Class 600

Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right
Chest Acceleration
12.5 g's/division
Filtered
Class 600

Resultant Chest
I(\'.(‘Q](‘a ation

10 g's/division
Filtered

Ch.,s C IN]

r\‘ ,)\/"\/[\/v’\f\,.\

f \.

~—

o e e e et e e e A e

———— »“\//"*\~/f~x~/ffh\~f‘~\~,——~—/A

——4!4 Fﬂ—— 12.5 msec.

— TN M\ e e e N\ e




SUATIT T EAG ALCLLETATIONS
&4t
Teot Hiber ,4 -~ Test dype
TR S T U VR AECDEIED T GUARD

o
——r
~
[
—
=

E:
N

Y

=

=2
f
[R)
<

1

N
)
“a
,
5
T
{

lamn
™~
16y
[SEN
i
=
L
’Eg

m e —— SR ——

. .. —\/ - "
Stperier- Inforior SN \"“\\N//\\J/\\"
leed frroevaiaion Jﬁ/ : -

12.5 ¢'s/dwizien

Fiitrrea

Class 1000

o —-n4 Fﬂ—— 12.5 msec.

ALeft-Right — e e——
ftead Accelereticn
12.5 o'</d*vision
Filtercd
Class 1000

esultent Head ) \

ficceleration

10 o's/division

Filtered /

Class 1050 o / ——

Severify Index /
160y ° sec/div., !




SUMMARY DATS CHESY RCCCLETATIONS

ooy
lest Ruimber »p 7s0 Test Type
Doy oW LA - i ISR T
- Sted Velotity e, otl/sec FL AN T s

Sied Pulse

5 a's/division
Filiered

Class 60

Enterior-Posterior

Chest Acceleretion

12.5 ¢'s/division
Filterce

Class 600

_Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

Left-Right

Chest fcceleration
12.5 g's/division
Filtered

Class 600 .-

Resultant Chest
icceleraticn

16 g's/division
Filtered

Class €00

[NV \
'\, \
o \\
W ‘\\
_ S
JS / ,J\,»~/\/“/\,/\\.\_,.,—f\»
e r | P (- S j S—

e | e /———\~\,z\_/ '\’.J“.‘\.\’/l\/r\/ﬁ—’-—.
N/ -
\
St

——4&4 F@-— 12.5 nmsec.

e N [ Ve e e




SUAMARY DATA HEAD ACCELERATION

Test Huwmbor /4"5/.3__ Test Type_ STROLEE FS590

Dunmy 3-YTAR )

Sled Velocity 43.5ft/sec FRONTAL IMPACT (0[5 FosITion)
!

e e e e S Sl St Il It St

i

Sled Pulse
5 g's/division -
Filtered
Class 60

knterior-Posterio . o o
V%ag heceleration i - ' —

2 g's/uivision-—————7—— .
Filtered e L v
Class 1009 s ek i el eyt

12.5 ¢'s/divicitn
(.‘)"zd--.,.,- A

bl T

Class 1002

Left-Right —e N o
Head Acceleration S i s R
2.5 g's/éivisicn T T T e e oo

Filterad . - e e -
Class 10C2 SR S S R

Resultant lead
Lcceleration

10 ¢'s/division
Filtered

Class 1000

Severity Index R R IR E R
100 97 sec/div. - T T e e e e

—r SIS 0o 5 e ok EB BTN e e 4 o - ~ AT s




- SUMMARY DATA CHEST ACCELERATIONS

Test tuber A-5/3 Test Type _STROLEE #590
Dunmy 22— v =AR2
. Sled Velocity 3.5 11/s6ec ER oM TAL 1ii T (0/8) F{-’Sl?"/oN)

T T T ‘
A ST -
Sled Pulse T o T

5 g's/division I N I,
Filtered : P
Class 60

' : . !

Anterior-Posterior e L
Chest Acceleration A S N
12.5 g's/division S S U N SUF SR
Filtered . R
Class 600

e - - —
|
: '

Superior-Inferior S St U L LA
Chest Acceleration S NSO N
12.5 g's/division :
Filtered

Class 600

Left-Right = ... ...
Chest Acceleration e
12.5 g's/divisicn

Filtered . e
Class 600 oo m e B Tt -
S — - -l S

Resultant Chest . e
Acceleraticn : R T

10 g's/divisicn ; ’ S S

Class €00 S/




SUMMARY DATA HEAD ACCELEPATIONS

Test husber /7=5/4 Test Type_ 70T~ GUARD

Durry__ 6= YEAR

Sled Velocity 43,9 7t/sec . FRONTAL [MPACT
/
| i T

Sled Pulse

5 g's/division
Filtered

Class 60

Anterier-Pesterior

qgad Accelzration
-5 g's/division

Filtered

Class 1000

Superior-Inferior
Head Acceleration
12.5 g¢'s/division
Filtered

Class 1600

«Left-Richt

Head Acceleraticn
12.5 g's/divisicn
Filtered

Class 10C0

Resultant Head
Acceleraticn

10 a's/civisien
Filtered

Class 1000

Severity Index
100 9 ** sec/div.

e e e e ]L“.m..,,--____i_u;.._..q_, I

B T _'_»._.-.rfr p— PR

B . . M
""-._mﬂn_,.,.-%A____.»____"_L_ﬁ,ﬁ_,~ﬁkdv,_“.
v

1 i

R IS

- e e -
!
. - S
S S S SR
|
H
|
— ——
H
R S _
—_— evmmm e+ meme e e e e e e e e ame o ermm b e e———— e e =

T {/L' S




~—--- - SUMMARY DATA CHEST ACCELERATIONS

Test tuber 4-5/%

6= YTAK

Durmy

_Testi"[ype TOT- GUARD

- Sled Velocity .43 9 ft/sec

K

Sled Pulse

5 g's/division
- Filtered

Class 60

Anterior-Posterior
Chest Acceleration
12.5 g's/division
Filtered

Class 600

_ Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered
Class 600

Left-Richt
Chest Acceleraticn
12.5 9's/civision
Filtered -
Class 600

Resultant Chast
Acceleration

10 g's/division
Filtered

Class €00

FLPOMTAL M PACT

in
i T i T 7 -
v . H i
fomin . -
P i t
.L"""' —— r e e e ¢ g e — -t e A e o e cms o e
. i *E,-.__ b - - [

- RS S S, s — — B
1
!
. S [ —_— —— ——
! i ' :

(
{
[l

—_— B s S - e e e e e -——

— - S U G - -
e
t
'
|




SUWUARY DATA Ao ACOLLEPATIUNS
Test HU’H!)(«:‘M/E:\{TJ ,{{5-_ Test Type
Puwmy = vomte LTODIFIED TOT = GUARD
Sled Veloc l"Z‘;‘. < f L/eec ’_;.L{_:'Ag- AL LT

/\NV\A\

Aorion-PoLtorior fqg\\\\\__
R ______//

b ALceTovaion
i
)

hr.
S
ﬁ) '
fed oy s/u:vwxron
Fi
i

VT

A&,U
A
100

.._._

s>

. “‘*“"‘“‘\\\‘”//‘\V//\\-/"\«"““”‘—*“"‘”‘“’”*‘
Sunericr-Inferior '
Head nccclcrdtxon - :
12.5 ¢'s/division
Fittoied

Class 1000

f
WLefi-Right —_— ol

Head hcceleration
12.5 ¢'s/division

. Filtered ,
Class 1000 ’

Resultant Head
Acceleration

10 a's/division \
Filtered ‘
Class 1600 O

Severity Index
100 6 -~ sec/div.



SUMHARY DATA CHEST ACCELLRATIONS
g o

Test Rumber - :{c{; . Test Type
Dusimy 2 v gl pACIE D T TARD
Sted \TaO(’]t-v-:: ’._;.:‘_..f t/SCC ELE i SA R

Sied Pulse

o g's/division
Filtered

Class €0

Anterior-Posterior
Chest Acceleration
12.5 g's/division

Filtered Py

Class 600 —_— - S

Superior-Inferior

Chest Acceleration

12.5 ¢'s/division

Filtered

Class €00 U
— - &\/-~~\-’/___~____,,<~\\_\/~_’____ﬁ_____,_,._—~
-—w4 23— 12,5 msec,

Left-Right

Chest Acceleration
12.5 g's/division
Filtered

Class £08°

1

R

Resultant Chest

Acceleration

10 a's/division

Filtered .
£la.s 600 : A



. e
L <

.

———- -

. SUMFARY DATE HEAD ACCELERATIONS o a .
o Test 1! *‘ber_é-:'ﬂ. o Tost Type BToaLn= 8% -
: bumny Sizeaf 3 NiAR FRONT wadnat o 4
€ Sled Ve]ocity=§4,CHt/sec . L : ) ’ i

)
sale
l"

.

- .

A A 0 A R SRS

Sled Pulse
10 g's/division
Filtered -

. Cless 60

.

Anterior-Posterior
Head Aczeleration
12.5 g's/division
Filtered

Class 1000

e -, e

Superior-Inferior
-Head fcceleration
12.5 g's/division
Filtered

Class 1000

oy S,

,

P !

!

- — - —— il

O SR A y

- L~“—.._ i e _ .;
}

LefiRicht T e
Head Acceleration e P - s !
12,5 g's/division - e oot T
Filtered - I b
Class 1000 |
c ! ‘ i
. e e -
e} T ol
! i ' }
o
R
Resultant tzod ro

Accelorisicon
10 a's/division
fFiltorea

Cless 1030

. Severity Index
FEREF S - v 200 9":' SEC/diV.

—
N

. . PN
0 < .- B .
N . . . - AR 0
\ . . . O G . . JSEIN .
(e - N R
N . .
‘e . e »

@ s e &



PSRRI 4
—————

- . . ) i- -,

- SUIMARY DATA CHEST ACCELERATIONS i

Test I(un:ber_éif}rﬁﬂ___ . Test Type Srierze 390
Dusmy SIRERN 4 SIAR - - ERCMT TabRly =~ 7
. Slea Velocaty ¢5,Q ft/sec

. - |
. . M é; . ’ . -
M s .

. Sled Pulse AR WA RO LA SN LA
10 g¢'s/divisicn S L L. il Ll
‘Filtered
Class 60

.

Anterior-Pestorior
Chest Acceleraticn
12.5 g's/division
Fillered

Class 609

_.Superior-Inferior
Chest Acceleration ] v
12.5 g's/givision - N h o
Filtered —— S R
Class 609 -t R

Left-Richt . : . : T ; —
Chest Accsleration el B R o
12.5 g's/divisicn -

Filterad

Class 690

]

H

.

. !

[\u—.A‘L- PR TR !

LaUeanic wialse N

Acceleraticn g
-

10 g's/division
Filtered
Class €00




X

-~

N\

. SUMMARY DATA HCAD ACCELERATIONS ’ N
Test Hunber_gv_\l- :’-Q}_‘, ) Test Type Somen S0A
bunny ITR2A 3 YEAR S MeAct
Sled Velocity £0.57t/sec : :
HUNEIS TS ST N R
‘ T T L Y i :
Sled Pulse ST T o i e
10 g's/division e S e g N SR
Filtered -
Class 60
Anterior-Posterior
Head hczeleration
12.5 g's/division . )
Filtered e g mee : SRS i
Class 1000 e e

Superior-Inferior

-Head Azcelovetion o s )
12.5 g's/division CT T T |
Filtercd I :' T
Class 1009 . o - : _
.. o -—G4 %ﬂ-— 12.5 msec SRU
T -
Left-Right .
Head ficcelerzticn P S o ‘ -
12.5 g's/divisicn UV S >
Filtered - - :
Class 1000 o o o
e L R
- ot e T T TE T o T T T e T

Resultant Hood
Azceloroioen

10 g's/division
Filteren

Class 1020

(R

- ——a .;._‘ —————
- -———— >:) ——— S, _— A....:\A._
Severity Index
", 200 92+ sec/div. '
\\‘ ’ . ’ E i v

o«
. .
F7 ks bd 1 o A e e

N
Seel L

a

S

. -
e pmeo— e 1

rcean e i o—— v -

ot .
o t———— —— 4t

—a—

v



SUMMARY DATA CHEST ACCELERATIONS
Test Humber Z!-'\m . Test Type STRO\TR S%

Duisny Shzrey -

..... Pt SRR » 1 {22 LA CL it W 7

- Sled Velocity o & <% 1t/sec

t . é:
S

. Sled Pulse e
10 g's/division c e e
Filtered [ s S e L
Class 60 : —

Anterior-Posterior s e e e j'; LR
Chest Acceleration m Tt e =
12.5 g's/division
Filtered — ; pr e -
Class 600 T 5

vt
——— Lot
i 4
L i_“.'... i -
T
f
' ! i
b . 1 H H
i i X

— — — R U U U —— -
i
! P P i .
N re i e

_ Superior-Inferior
Chest Acceleration
12.5 g's/division
Filtered

Class 600 B A

—b{ F— 12.5 msec.

4

left-Right L e S s ; -
Chest Acceleration - N\ 2 NN ; T
12.5 g's/division
Filtered -

Class 600

e e e
S N e
) O S N S A
Resultant Chest . ) s
Acceleration R ' :

10 g's/division e e L
Filtered L o
Class 600




SUARY DATA CUEST ACCELZRATIONS

gest Nu‘g:r _;(;_G_(aﬂ__* . Teét Type P"‘T"Q‘a\d CH\LD S
uny S\F oo 102 BADACY i
- Sled VOloc1LJ 55 ,‘;5;?533 _ :

v 4 : i 6'. - .
. = .

S Sledpuise o L TIETITETR

10 g's/division R R U S — | I
© Filtered ) ~~;‘-;~~--—-~——-L———§-~ e w(9&
Class 60 A

Anterior-Posterior e i S ; ,
AR :
Chest Acceleration O i : -

g's/division | T T TR
Filtered :

Class 600 T -
. N i i .
R AR -
I —— :
FOu—— U | - —
L -
f . ' |

_Superior-Inforior R
Chest fccelerzticn '
g's/division S O, S R
Filtered : RN
Class €30 e --- - R

P —— —_ ——— -}--_ e e s o e -

h
e —_— —_— — -
— e e e ———

Left'p\ik.ul\- ’ : — ‘ e e - ‘:"" e e
Chest Accalerztion S s e b e s
g's/civisicn

Filtered - S
Class 609 . e
e |
3 R
I S N S
“ ———— — S e e

Resulton® Choase

Aeceleratis e S

g's/divisien S m e e e L
Filtercd e .
Class ‘.J.‘ o T T T m T

-

— s m—— .-




b bt -

. Sled Pulse
- Filierad

. 1,
. LN
i a
‘ -
i L
LI
| , N
I ‘

su SURY DAT/\ CHEST ACCELERATION
Test Hurber ‘vjf\;?

. v

Test Type P?\"V’”“QL\ C}ULD SIAT

T ERoNY

MEe T

Y SIFRON_AYER
S]ed \‘cxocn, ,3&"’31»72‘:55

ot —— - ———

10 g's/divisicn

Class €9

.

Anterior-Posterior

Chest Acceleraticn p
g's/division e e e

Filtered

Class 600 T A

_—'1[ jret T T ——
pob b . -y i1 ; i
|
R R : ! e
: . R L -
_ Superior-Inferior
Chest Acceleraticen T o
g s/dlvlmn e T
Filtered o ‘ C ! :
Class 600 e I R
e et e -
. ——D-I Iﬂ— 12. 5 msec
Left-Richt . e
Chest Ac:el::: ict O

g S/d ‘5] -'\ e ;

Filtered -

Class 603 , i e

O SO
.
Resultont Chsse s - - s
Acceieration o T
. g's/division ST i ) . :
Filtered _
Class £29

PR —




APPENDIX B ANALYSIS OF FRAMING REQUIREMENTS




APPENDIX B. ANALYSIS OF FRAMING REQUIREMENTS
The'photographic film coverage since it will be the means used to establish
performance must use the proper framing rate to insure that an adequate number
of frames are avajlable to properly document the event. In photographing a
object, blurring of the image will occur depending upon film exposure éuration,
velocity of the object and the image magnification. Blur or minimum definable

motion is determined by the equation:

(1) b = TMV cos «
when
b = image blur, inches
T = exposure duration, sec.
M = optical magnification (image size)
V = object velocity, inches/sec
a = angle between the direction of motion and the film plane, deg.

The magnification, M, in practical terms is the ratio of the film frame
width, in to the field width, W, covered by the lens. For 16 mm film the

frame width is 0.4 in. Exposure duration, T, is determined by

0 o
_ _aper B
(2) T2 3607 X 7 7 °F
where @aper is the angle of the open sector in a disc shutter and F is the

frame rate in frames per sec. The ration @aper/360° is known as the shutter
duration ratio, o. The determination of the appropriate frame rate in terms

of acceptable image blur, geometry, object velocity and the camera construction
may be determined from equations 1 and 2 above: |

Y W
'—F—-—W*—V COS o,

—
w
——
o
1}

_ oWV cos «
(4) or F = TR

for linear motion.




Vibration or cyclic motion presents a slightly different problem in frame
rate determination because of the variable velocity. If we assume harmonic

motion, then the object velocity, V, becomes:

(5) V = TAF
where
A = amplitude of motion
F = frequency of motion

Thus for harmonic motion of the dummy head, the frame rate requirement is:

_ TIpWFA cos o
(6) F= bW

We may apply equations (4) and (6) to a child seat test A-601 which used a
Strollee Model 590 child seat with the three-year dummy installed on a Ford
bucket seat. For the linear position:
v
W/W

"

30 mpn = 528 in/sec
3

0.4 in/84 in = 4.8 x 10°

a =03 cos o =1

p = 1/2.5 = .4(Hycam)
b =0.5% of film frame width = 0.002 in.
then F = 506 frames/sec.

for the oscillatory motior the pulse was 0.1 sec in duration which has a
fundamental frequency of 5 hz., and an amplitude of 20 inches. Therefore

F = 302 frames/sec.
thus if we allow a measurement induced error of 1/2 of 1 percent we can utilize
a camera capable of 500 fps. By requiring only 500 fps, the type of camea
required is simplified and the cost of developing a compliance facility

significantly reduced.



