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1.0 Background: 

Lateral accidents are responsible for an estimated 30 percent of motor vehicle 

occupant fatalities each year. Within the past 5 years, efforts have qreatly 

Increased toward understandlng the side impact environment and interpreting 

side impact data. These studies form the basis for current efforts to provide 

improvements to the level of crash survivability of passenger cars. 

Accident data gathered under the National Crash Severity Study indicates 

head and thoracrc Injuries caused by side rails and door contact are a major 

problem In side impact collisions. 

As part of a larger effort to mitigate the deaths and inluries caused by door 

contact, the Agency initiated the search for producible, energy-absorbing 

Interiors for Installation into structurally modified vehicles. This report 

reviews the approach used in selectmg a side impact cushioning material. 

2.0 Objectives 

There were two main objectlves to the overall prolect. The first objective was 

to design and fabrlcate a sled buck which accurately reproduced the 

environment of a modified Rabbrt in a side Impact collision. The test mode In 

whmh the Rabbit was evaluated was a 60 degree impact, with the impacting 

vehrcle traveling at 30 mph and the Rabbit traveling at 15 mph. The second 

abjecttve was to develop a suitable paddtng material for installation Into the 

modified Rabbrt structure. 

-l- 



4.0 Project Element Overview 

The following is a brief description of each project element. A flow chart, 

providing easy reference to the sequence of the project elements, is shown in 

Figure 1. 

ProJect Element 1 - Order and Receive RfCSAC Cars 

Prolect Element 2 - Order and Receive RTCSAC Data 

ProJect Element 3 - Order and Receive Budd Cars 

The purpose of obtaining the RICSAC OP and Budd(‘) cars and data was to 

aid the SRL in defining the side impact environment for HYGE sled testing. 

Project Element 4 - New Dummy Computer Software 

The purpose of installing the new dummy computer software was to provide a 

means of estimating the injury level to a human thorax based on the responses 

of the dummy during impact. The software provided as output the 

Abbreviated Injury Scale (AK) based on four methods: B parameter of the left 

upper rib signal, Q parameter of the left upper rib signal, average power of the 

upper spine and average power of the lower spine. 

Project Element 5 - Acquire New Side Impact Dummy 

A new side impact dummy was developed for the Agency under Contract No. 

DOT-HS-4-00921. The production version of the dummy was desired for this 

project. However, only the prototype version was available for use during 

component level and HYGE sled testing. 

*Numbers in parenthesis refer to references at the end of the text. 
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Project Element h - RICSAC and Eh~rld Crash Test Anal ym 

The RITSAS”) and RI odd f’r;lsh Test data were analyzed to determIne 

the necessary parameters for HYGE sled stmulatron of the side Impact 

Pnv1ronment. The Budd tests tltllr7ed Part 572 dummres in a stationary VW 

Rahbrt. The RTCSAC tests utiltzed Part 572 dummies In twn-car-movrng side 

rmpects. 

Prolect Element 7 - Interror Door Crush Device 

Two rnterlor door crush test devices were devised to statically and 

dynamically Impact the door Interrors of prevrously impacted VW Rahbrts 

obtatned durmg prolect elements 1 and 3. The torso, pelvic and whole body 

reqtnns of a 50th percentile male were represented by three rigtd body forms 

fabricated for the rnterlor door stiffness tests. 

Prnlect Element P - Interior Door Crush Tests 

The purpose of the interior door crush tests was to determine the 

forre-deflect ron propertres of the Rabhr t door Interior. The stiffness that was 

desired was that experienced by the occupant when the door was pushed into 

hrm by an impactIng vehicle. General trends in vehicle stiffness were 

investlqated usin several different VW Rabbrts. 

Prnlect Element 9 - Dynamic Scrence 214 Mode Crash Test AnaJysIs 

Dvnamrc Science Test No. 8330-Z (3) was performed under conditions being 

consldered as can&date in the upgrade of the FMVSS No. 214 test procedure 

(60 dearpe side Impact, both cars movrng), usrng the prototype side impact 

dummy. The test data were analyzed to determme test conditrons (dummy 

pnsltroning, peak acceleratrons, etc) for HYGE sled srmulation prior to 

cnnductinq paddma evaluation te’sts on the HYGE sled. 

-5- 
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ProJPct ElPmPnt IA - I?WIPW of Prror Paddtng Studies 

A Ilmlted llteratllre search was conducted which identrfred only four studres 

directly related to the project. The fnur studies dealt wrth paddrng used in 

Interror vehicle applications and were reviewed. 

Project Element 15 - Component Level Paddlng Tests 

The marn purposes of the component level paddmg tests were (I) to identify 

paddrng meterrals vlahle for thorax protection and (2) to elimmate performing 

extensrve HYGE sled tests using Irndesirable peddinq materrals. 

The pnddinq materiels were evaluated for their desirabrlity as a thoracic 

restraint by three main crrteria: (1) paddtng force-deflection properties, (2) 

Clody form AIS calculated from thP R(LUR) parameter and (3) peak spinal 

accel eratlon. 

The component level tests were performed in two phases. Phase 1 consisted of 

Impacting the prototype SJD thorax laterally into 5 inch padding samples at 15 

mph. A number of the less desirable padding materials were eliminated durinq 

Phase I testing. Phase 11 consisted of lmpactmq 3 inch paddmg samples at 15 

mph. Those paddlnq materials which passed the criterra during Phase II t&inq 

were then evaluated on the HYGE sled buck. 

Project Element I6 - HYGF Sled Paddlng Evaluatlnn Tests 

Those paddlnq materials which had been deemed vlahlr randrdates far thoraclc 

protectlon, haqed on cnmpnnent level test results, were tested on the HYGE 

sled. The series of 17 tests, using thr prototype SID, was pprforrrted to 

evaluate the protectrve cepabilrty of the padding matrrlals. The door 

contacted the dummy at an Impact veloclty of 23.5 mph. 



5.0 SldP Impact Slid nnrl Padrirnq Development 

5.1 RICSAC and Rurid Cars and Data 

The tentative test mode far the FMVSS No. 214 upgrade is as follows 

Bullet (striking) car velocity - 30 mph 

Tarqet (struck) car velocity - I5 mph 

Impact enql e - 60 degrees Into vehicle compartment 

Two previous side impart collision studies were chosen to be analyzed. The 

f lrst study, “Research Input for Computer Simulation of Automobile 

Collrsions”(‘) (RICSAC), devel aped a library of experimental data to 

val tdate computer reconstructlon techniques. In the study, four 60 degree side 

impact colllslons with both cars movinq were conducted. The second study, 

“Llahtwpight Subcompact Vehicle SIC+ Structure Program” (2) , (the Budd 

Studv), Included a number of 60 deqree sldp impact collisions with only the 

bullpt vehicle moving and the target vehicle stationary. 

The films and hard copy reports from the four RICSAC tests and sPlectPd Budd 

tests were ordered and received. Thp two Rabhlts, two Pintos and three 

Mallbus crashed m the RICSAT Study werP shipped from Buffalo, New York to 

the VRTC in East Liberty, Ohio. Thr purpose of obtaining the seven vehicles 

was to (1) help In the definition of the slds impact environment (Sectlon 5.4) 

and (2) provldp vehlclp Intprlors for lnterlor stiffness testing (Section 5.6). 

Five Rabbits, crashed during the Budd Study, were also shipped from Buffalo 

to the VRTC. The purpose of obtainipo thpsP vehicles was (I> for use in the 

Interior crush tests (Section 5.6) and (2) to help in designmg the 

energy-absorblnq material to fit the structurally modtfi& Rabbits. 

-9, 
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5.3 Prototype 51rlr Impart Dummy 

Undrr Contract No. O~3T-HS-4-flU921 with thp HSI<I, the Side Impact Dummy 

(SID) was ckveloped for the Aqrncy. Ck11y a prototype version of the dummy 

was complPtad at thp ttme of this pro)Pct’s lnltlatlon. This prototype was used 

in the second portion of the HYGE sled tests and a prototype thorax was used 

throughout the mm! sled component tests. 

Durrng the flnal staqes of this project, a production vprston of the SID became 

evallable and WRS utlllzed for HYGE sled simulations. 

-13- 
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the crash the dummv Impacts the struck door rnterlor. 

The door velocity does not contlnuc to rise [after the 24 msec point] and 

approach the bumper velocity. The dummy Impacts the door; and force builds 

up to interupt the velocity rise. Whrle it IS believed that the primary source of 

this force IS the dummy lmpactlnq the door, other structural effects (such as 

the sent structure) may be contrlbutlng. The door was within 2 mph of Vf at 

thp Instant of dummy contact. 

At 35 mspc, the occupant’s chest pxperi ences It's maximum lateral 

acceleration of about 46 G 13 msec duration]. Assuming that thP 50th 

percentlle’s upper body has an effective welqht of 80 pounds, the dummy would 

be producing a deceleratlnq force on the door of about 3700 pounds at this 

time. 

At 10 msec the dummy and the door reach a common velocity of about 12 

mph. By computma the area between the occupant and door velocity curves 

between 24 and 40 msec we can determine the extent of door padding 

penetration and dummy chest compliance. This calculation yields a prediction 

of 3 Inches. The vehicle which IS being tested has very little padding [less than 

one Inch]. Therefore, It IS likely that the upper door structure [the wmdow sill 

area] IS functioning essentially like paddinq, attentuatlng chest lateral 

G-IPvels by deformrnq under the Inertial force of the dummy upper body. That 

IS, the dummy may be maklnq benpflclal use of the full upper door depth to 

substitute for the paddlnq that IS not there. Note that at about 50 msec the 

~nterlor door velocity aqain increases, indicating that the interior door has now 

bottomed out (stiffness Increases) aqainst the strlklnq vehicle. 

-I 9- 



1. FIREWALL ACCELEROMETER 

2. DRIVE TUNNEL ACCELEROMETER 
a 

3. REAR DECK ACCELEROMETER 

4. LEFT FRONT COMPARTMENT ACCELEROMETER 

5. RIGHT FRONT COMPARTMENT ACCELEROMETER 

I 6. LEFT REAR COMPARTMENT ACCELEROMETER 

7. RIGHT REAR COMPARTMENT ACCELEROMETER 

. 

FIGURE 6 

VEHICLE ACCELEROMETER PLACEMENT SCHEMATIC 
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FIGURE 14 

Car-to-Car Impact Layout 
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The lnterlor stiffness tests were performed using a rlqid body form which 

represented the approximate surface arca of a 50th pPrcentlle male. Threp 

body forms were fabrlcatrd; an upper body form representIng the torso area, a 

lower body form to represent the pelvic region, and a whole body form to 

represent the combrned torso and pelvrc areas. Flqures 16 through 18 contain 

drawings of the body forms and photos are shown in Figures 19 through 21. 

The static interior stiffness tests were performed by mounting the body forms 

on a static crush test fixture (Figure 22). The fixture consisted of a frame, a 

IO-ton hydraulic hand jack, and a lfl,OOO pound load cell. The frame was 

designed to be attached to a forklift. The fixtur’e was designed to measure 

forces over a static deflection of around 2.0”. 

The dynamic crush tests were performed with the pedestrian impact 

device(‘) , utlllzing the same body forms. The impact velocities were around 

20 mph. The acceleration data was used to compute force and the 

dlspl acement potent lometer gave the corresponding displacement. 

-2% 
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FORM No. 2 

FTCIJRE 17 
Pelws Body Form 
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FlGURE 19 

Upper Torso Body Form 
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FEURE 21 

Whole Body Form 
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5.6 lnterlor Door Crush Tests 

The purpose of the Interior door crush tests was to determine the 

force-deflectlon properties of the Rabbrt dnor Intenor. 

lnterinr crush tssts ware conducted durmq October 1979. Table 1 is the test 

matrrx. Tests No. 2 through No. 9 were performed using the pedestrian 

Impact device to dynamically impact the door interior with the rigid body 

forms. Most of the vehrcles had been previously impacted from the outside 

and the door was deformed into the compartment. The amount of this 

intrusion was noted with each test. Tests No. 4, No. 5 and No. 10 used the 

whole body form at 20 mph. All other tests were conducted wrth an upper and 

a lower body form separately, i.e., two tests on each door. Therefore, tests 

No. 2 PE No. 3, No. 6 & No. 7 and No. 8 & No. 9 were pairs of impacts on the 

same doors with the separate body forms. The body forms’ acceleration data 

and the displacement data were reduced to force-deflection curves using the 

Hewlett-Packard 9830 Calculator. Frgure 23 is a photograph of the post test 

setup of test No. 7, which was a lower body form into the lower door area with 

the impactrng car engaged near the D.O.R. point. 

Tests No. I and No. II through No. 15 were car-to-car crash tests at 60 

degrees. A Chevrolet Malibu was towed into the undeformed sides of the VW 

Rabbits at var)ous impact speeds. The purpose of the crash tests was to 

pre-crush thedoors of the Rabbits prior to conducting the static interior crush 

tests. Speeds of 10, I5 and 70 mph were. arbitrarily chosen to provide 3 typical 

levels of penetration. Thus enabled the stiffness of the inner panel to be 

correlated with the amount of crush of the door caused by the impacting car. 

Some Impacts were at the door opening reference point and some were at the 

occupant hip pornt as noted. 

Tests No. I6 through No. 25 were statrc crush tests performed with the static 

crush fixture, Again, the tests were conducted usmg the three body forms and 

engaging the Impacting car at one of the two points. Figure 24 is a photo of 

-37- 



FiGURE 24 

Static Crush Test #I7 
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Three syn%o!s were used In Appendix 13 to deslonate the type of door used. 

The type of door and Its corresponding symbol are as follows: 

i! - Base1 Ine door 

w - Revt sed 1 lqhtweiqh t door 

El 
- Rpvtsed mlddlewelght door 

r3n each graph, the symbols deslonate specific points of data used In analysis. 

On certain qraphs, a “V appears. This IS to signify our doubts about the 

valldlty of the data and to refer the reader to the preceedlng paragraph. 

The ma]onty of test results exhIbIted the door propertles that were believed 

to he present: larger forces with larger vehicle penetration, and larger forces 

on the lower body form than on the upper body form under the same test 

condltlons. 

The rPsu1 ts showed that the lower door interior is much stiffer than the upper 

door during the collisron. Lower door interior stiffness was seen to increase 

with Increased penetration of the striking vehicle. The upper door sheet metal 

was established to be a relatively yreldlng surface for an occupant to interact 

v/l th. Trends regard Ing varl at ions in interior door stiffness due to the 

structural modlficatlons or to the impact point are not felt to be conclusive. 
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DyScl No. 8330-2 Lower Door Velocity 
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TEST NO. 1330-Z 60 DEL. IHPACT 

FIGURE 29 - Upper Dnor/Thorax Velocity 
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FIGURE 30 - Lower Door/Pelvis Velocity 
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5.8 Definitron of Interior Door Strffncss 

As mentroned In the previous sectrnn, the slrd buck was to be demonstrated bv 

reproduclnq two separate laboratory call Isions. The first was to be of a 

stationary struck VW Rabbit with a Part $72 dummy In the front seat. The 

second was descrrbed in Section 5.7. Rudd test No. II (2) was selected as the 

first because the revrsed middleweight door modlflcation was tested and 

because the data appeared consrstent. The stiffness of the interior door was 

to be determined from the Information gathered in Section 5.6. 

It was found from looking at the Budd data that the impacting vehicle intruded 

12.4 inches into the compartment. The Part 572 dummy contacted the door at 

50 msec rnto the event and the peak dummy-door interactron occurred at 60 

msec. At 75 msec, the far side dummy contacted the near side dummy, 

preventing further analysis. The lmpactmg car, at 60 msec, approached the 

seated positron (hip point) of the dummy and Intruded to near the maximum 

amount. 

Figure 32 shows the force vs. deflection that was derived for the upper door 

panel on the HYGE sled and Figure 33 shows the lower door panel properties. 

Frgures 32 and 33 reflect static properties of the door. Both static and 

dynamic force-vs-deflectron data were derived for the VW intenors. It was 

judged to be more reliable to match the static properties of the door panels on 

the HYGE sled to the static properties of the actual vehicle, since static 

measurements were more easily made. It was understood-that these were only 

starting points which could be adjusted durinq HYGE testing. 

-49- 
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The roller tape mechanisms provided achievement of separate force levels for 

each panel. A roof rail was positloned above the door panels. A left-front 

seat was posrtlonrd on the buck, wtth the se& track adJustahlp In thP X and Y 

dlrectlons. The seat hack was relnforced to the buck frame to prevent lateral 

motion of the seat. 

The sled buck platfarm was designed to be adpstahle to any desired angle. 

for our purpose, the buck was angled 15 degrees off of pure lateral ta 

approximate the force drrection of the 60 degree impact. The sled buck was 

instrumented to measure accelerations in the X, Y and Z directions. 

Accelerometers were mounted on each contact panel to measure Its lateral 

acceleration. Potentiometers were also mounted behind each panel to 

measure the panel’s relative displacement. Three high speed camera mounts 

were positioned on the buck in the following manner: on the front of the buck, 

outboard to the left, and directly overhead of the dummy. 

Toward the end of the padding component testing, a sheet of Lexan was angled 

outboard from the door panels to simulate the lmpactinq c&s hood, which the 

dcrmmy’s head contacted during the Dynamic Science test (3) . 

Flqure 34 is an assembled view of the sled buck. An exploded view is shown in 

F-1 qure 35. 
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in the car event. Also, the early inertial spike on the chest acceleratron was 

higher in the srmulation. The inertial spike indicated that the effective mass 

of the door was too high, but the doors could not be significantly lightened 

without losing needed strength, The roller tape profile was adjusted to 

accomplrsh an approximate match (average maqnitude and pulse width) of the 

car event. The chest response of Figure 43 was felt to be a reasonable 

approximation of that of Figure 42. 
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FIGURE 44 

Pendulum Calibration Test Set-up 
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5.12 Review of Prior Paddino Studies 

The purpose of revlewinq the IU~rature on previous paddlng studies was to 

dlscover possible experiments with direct appllcatlon to stde impact thorax 

protect ron. 

The literature on the mechantcsl and chemical properties of various foams is 

extensive. However, many of these studies involve specific paddlngs in special 

tests. As concluded by William R.S. Fan in his paper, “A Simulation of the 

Dynamic Propertles of Energy Absorbmg Materials,” (8) the dynamic 

behavior of various foams vanes, depending on the test performed. A material 

Judged favorably In one test might not perform well In another test. 

Therefore, In choosing previous paddmg studies to review, only those dealing 

with padding used m mterlor vehicle applications were consldered. The four 

studies reviewed were James E. Grepnes, ‘Basic Research In Crashworthiness 

IT -- Development and Testing of Vehicle Side Structure Modifications” (9) 

and “Occupant Survivability In Lateral Collisions” (5), Mark Haffner’s, 

“Dynamic Characteristics of Energy-Absorbing Materials” (study was not 

publlshed), and L.S. Paul’s “Energy Absorption and Shock Attenuation 

Characteristics of School Bus Paddlnq Materials” (IO)* 

James Greene’s (Calspan), %aslc Research In Crashworthiness 11 - 

Development and Testing of Vehicle Side Structure Modiflcatlons” (9) dealt 

with the progressive structural modifications made on 1968(69) mid-sized 

Fords. However, some conslderatlon was given to interior paddmg. 

Styrofoam, a I PCF polystyrene, was tested rn a 4 Inch thickness with and 

wlthout 1 inch diameter holes drllled to reduce the density. Also, a 3 Inch 

thick sample of Styrofoam with holes, covered with enaolite, and a J Inch 

sample of ethafoam were tested. 

The ethafoam static test results indicated poor energy absorption, and 

ethafoam was eliminated. The remaming three (3) combinations were tested 

dynamlcally aL 10 mph using a 430 pound flat-bottomed Impact welqht. The 
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tests showed that the paddmg and structural modrfrcations did lower the 

acceleration levels of the dummres. However, the extent of the improvement 

due specifrcally to the paddmg and specrfically to the structural modrfrcatrons 

could not be clearly drstrnguished from these tests alone. 

As pointed out in thus study, the usefulness of paper Honeycomb in automotrve 

applicatrons is questionable. Prolonged exposure to hrgh humrdity reduces the 

crush strength up to 50 percent, water deterrorates the paper, the paper IS 

readrly flammable If not treated, and productron tolerances allow a 20 percent 

range m crush strength values. Furthermore, the applicatron of Honeycomb as 

an interror door padding is probably not compatible wrth current mass 

production techniques. 

In 1977? Mark Haffner at the NHTSA, SRL, began a study entitled “The 

Dynamrc Characterization of Energy Absorbing Materials”. In this study, 

Haffner reviewed previous literature on energy absorbing materials, ran five 

tests to determrne the effect of temperature on ethafoam (polyethylene) 220, 

and setup an experiment matrix with 15 experiments for 3 different 

thl cknesses. 

Unfortunately, prior to running the 15 experiments at 3 thicknesses of foam, 

the SRL was moved to Ohio and the group working on the project was 

separated. The project was never completed. 

“Energy Absorption and Shock Attenuation Characteristics of School Bus 

Padding Materials” 00) was the most recent and informative study. The 

study evaluated seatback, side wall, and ceiling paddings. Various materials 

were judged in several arcas flammability, srnokl? emlssrons, toxicity, 

envtronmental resistiveness, and marntarnability. 

Based on results from the above methods of testing, five materials were 

chosen as core materials 

- Honeycomb ACG-l-.003 - an aluminum product 
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In conclusion, it was found that experiments directly applicable to side Impact 

thorax protection (i.e., using current injury criteria and surrogate design) have 

not been performed. Althouqh L.S. Pauls’ school bus padding study did 

consider or test a large number of paddings, those materials chosen for 

extensive testing (paper honeycomb, etc.) generally are not well suited for the 

current mass production techniques used to fabricate such components for 

interror doors. These findings indicated a need for a padding study that 

focused on the specific application required. 
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of each material with the least amount of breakage, Upon completion of 

Phase I, many of the less desirable paddings were identified and were not used 

in more severe testing. Phase II testing consisted of impacting those paddings 

that passed Phase I criteria. The tests wpre performed using 3 inch padding 
g I 

sampleg with an impact velocity of 15 mph. 

The paddings were judged as to their desireability for a thoracic restraint by 
b 

three main criteria. * These criteria were (1) the padding force-deflection 

propertles, (2) the body form AIS calculated from the B(LUR) parameter, and 

. (3) the peak spinal acceleration. 

Data Recording: The data that were recorded included lateral accelerations of 

the left upper rib, right upper rib, and upper and lower spine; forward 

acceleration of the lower sternum; load cell readings for both load cells; sled 

velocity; and padding and thorax displacement. AI1 data was recorded on FM 

tape except thorax displacement which was recorded on a strip chart. Thp 

thorax displacement measured was simply the displacement of the shock 

absorber in the thorax. 

An overhead camera recorded 1000 fps mavie coverage of the padding and 

thorax crush and provided a double check of the electronic data. 

Data Processing: As stated in Element 4, the SRL used P-pole Butterworth 

filters (IOOHz cutoff) using an 8:l reduction in play back and a 3200 Hz 

/ digitizing rate to maintain uniformity with data processing done by the HSRI. 

All data processing (AIS calculations and plots) was performed on the PDP-II 

minicomputers located at the VRTC. The two load rell readings and the 

displacement potentiometer readmg for each test were drgitized end cr)mbinerl 

to obtain force-deflection curves. 

i 
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The critcrra for Phase 1 padding acceptance were as follows: 

(1) AIS measurement less than or equal to 3, 

(2) Peak upper spine (3 msec duration) acceleration less than or equal to 

40 G’s. 

(3) Padding peak force of 3200 pounds or less. 

Table 6 is a list of all materials tested in this Phase I. Table 7 summarizes 

test results for each material tested (duplicate tests on the materials are not 

shown). Appendix F contains the force vs. deflection plots for Phase 1. 

Rubatex R-310-V, Ensolite AAC and the APR paddmg were the more effective 

materials observed in Phase 1 testing. Table 8 shows the best 5 paddinqs 

wrthin each of the 3 individual approaches. It was felt that each of these 

materials, coupled with the flexibility in the door structure, would provide 

protection up to the 20 mph range of occupant-door interaction. Table 9 

shows the paddings that were selected for Phase II testing. (Subsequent to the 

Phase 1 testing, other materials and other variations of Phase I materials were 

supplied to the VRTC. These were tested in Phase II only.) 

Phase 11 Testinq (3” material samples; 15 mph; minisled) 

Addrtional (those not on Table 9) materials and variations of materials 

, included m the Phase 11 testmg include the following: 
. Fiberglas honeycomb (custom made by Owens Corning as per SRL’s 

reauest)(called Fiberglas H-EC). 
. Polyurethane foam supplred by General Tire and Rubber Co., in 

varying densities (called GTREM -I’ ‘I>. 
. A layered variation of Ensolite consisting of 2 Inches of Ensolite 

AAC fronted with 1 inch of Ensolite BCR (the composite was called 

Ensol rte ABC). 
. A layered variation of Rubatex consisting of 2 inches of Rubatex 

R-310-V fronted with 1 Inch of R-8407-S (the composites was called 

Rubatex R-2VS). 
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TABLE 9 

Padding Materials for Component 
Level Phase II Tests 

Ensolite AAC 

Rubatex R-310-V 

Rubatex R-4991-l 

Ethafoam 400 

Durafoam C222A 

Durafoam ClllA 

APR 
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TABLE 10 

Component Level Phase II Test Results 

PEAK AI.5 CHEST PADDING LOAD 
i;sT PADDING THICKNESS ' MLOCITY TEM' SPINAL s DEFLECTION OEFLECTION CELLS 

t.c TYPE (IN) (WH) (Of) ACCEL(C) meter (1N) (IN) (LB) 
Ensollte 

60 AAC 3.5 15.15 68 IlO. 2.7 1.7 2.42 3579 
Ensollte 

61 ESR 3.8 15.15 60 41.6 2.6 1.51 1.59 3320 
Ensolite 

62 HCR 3.4 15.15 66 46.3 2.8 1.53 2.31 3682 
Ethat'oam 

67 600 3.0 15.32 66 46.3 2.7 1.55 1.74 3740 
Rubatox 

77 R-310-V 3.06 15.08 70 44.9 2.9 1.6 2.39 .4209 
Oura t 3am 

79 ClllA 3.0 15.15 69 48.0 3.2 1.8 2.41 3476 
Durafoam 

7Q C222A 3.0 15.32 71 44.0 3.0 1.73 2.16 3433 
Rubatex 

80 2VS 3.0 IS.08 70 47.9 2.9 1.63 1.65 3906 
Ensollte 

P: AEfC 3.0 15.15 69 40.1 2.7 1.75 2.25 3311 
Flserolas 

ez HBC 3.75 15.15 69 05.4 3.0 1.65 3-30 3857 
f lberglas 

er HEC 3.19 15.32 67 46.5 3.0 1.4 2.75 3232 
GTREY 

P7 CA1 10.3 3.0 15.32 67 42.9 2.9 1.4 2.41 3305 
GTkW 

ee Ml IFI 3.0 15.15 69 46.5 3.1 1.33 2.0 3906 
Ensollte 

8Q AEC 3.0 15.X 65 lr1.6 2.8 1.60 2.70 2953 
hbatex 

cn R-210-V 3.19 15.15 68 50.6 3.1 1.53 2.83 35P5 
Tarriere 

91 APR 3.0 35.22 68 us.4 3.0 1.65 2.8 3916 
iiubatex 

Q- L TVS 3.0 15.15 67 52.5 3.0 1.85 2.13 4004 
Flberg!as 

CT rw 3.5 lb 92 78 39.3 2.5 -*-- 3.25 3804 
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PtAK PkAK 
PADCi~&: F’AUDIYG. UPPER LOWEH PEAK OAWER 

TFST FILE UPPtR LLWEH AIS SPINE SPINE PLVIS DWLACE- 

NG. NAME PAUL ~M.iL B PAR&M. (Cl (G) (G) MENT (IN) 

18 517318 - 4.0 66.6 76.3 90.6 1.6 

Ensolite Ensollte 
19 517319 ABC-3" BCR-1" 3.2 46.5 59.0 83.0 1.6 

Fibcrqlas Ensollte 
20 S17320 H2BC-3 13" BCR-I" 3.6 46.0 63.4 79.11 1.55 

GTREM- GTREM- 
21 517371 3.0" 3.0" 3.4 45.6 66.9 85.9 1.42 

Rubatex Rubatex 
22 S17322 2vs-3" R-8407-5-1" 3.3 53.0 63.4 70.0 1.59 

Fiberalas Ensolite 
23 517323 H3BC-3.5" BCR-1 .O” 3.3 42.5 61.8 94.9 1.53 

Durafoam Durafoam 
26 517320 ClllA-3.0" ClllA-1.0" 3.9 52.0 55.5 80.6 1.56 

Durafoam Lurafoam 
25 S17325 C222A-3" C;22A-1" 3.5 40.1 53.0 79.7 1.63 

, 
Rubatex Rubatex 

26 517326 R-310-v-3" R-310-V-l" 3.8 04.0 55.5 81.6 1.49 

GTREV- GTREM- 
27 517:27 3.0" 3.0" 3.5 56.0 77.2 130.0 1.39 

APR- APR- 
28 S.17328 3.0" 2.0" 3.5 84.5 59.6 67.4 1.53 

Du-afo?m Durafoam 
29 517379 C311A-3.0" ClllA-3.0' 3,6 48.0 73.1 70.6 1.47 

Ethafcam Ethafoam 
35 $17--S 6OC-3" POO-3u 3.5 48.5 70,h 78.8 1.53 

Kc tmtpx Rubdtex 
31 517w R-fllJ-V-3.25” H-710-V->.?‘?” 3.4 76.9 50.3 /',.? 1 'II 

- 

S175?7 
ErlwlltP 
AAC- .O" 

Ensollte 
AAC-3.0" 
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Tcs;s No. 35 and No. 36 were baseline (unpadded) tests. The presence of the 

molded arms on the dummy raised the question whether to keep the original 

door positioninq (used in Teqts No. IR through No. 34) the same or to kepp the 

door to dummy distances the same. The change in dummy qeometry made it 

impgssiblc tp do both. In Test No. 35, all test parameters, except the door 

panels’ offset, remained the same as those in Tests No. 18 through No. 34. 

The offset was reduced from 1.5 inches to I .O inch. The dummy arm-to-door 

distance was 6.5 inches and the dummy pelvis-to-door distance was 7.75 

I nchcs. In Test No. 36, the door panels’ offset was returned to the original 

position, decreasing the dummy arm-to-door distance to 4.75 inches. AIS 

(Blur) for Test No. 35 was 4.03 and for Test No. 36, AIS (Blur) was 4.12. Test 

No. 35 configuration was chosen for the padding tests due to the fact that its 

AIS was closest to that of Test No. 18 (4.01). 

The paddings tested were GTREM, Fiberglas H2BC, Ensolite ABC and APR. 

The Rubatex and Fiberglas H3BC were temporarily out of stock. Each set of 

paddings was positloned in the same configuration as tested with the prototype 

dummy. The parameters used to make the comparisons were: AIS (Blur), peak 

(3 msec> upper spine acceleration, peak (3 msec) lower spine acceleration and 

peak (3 mscc> pelvis acceleration. In all tests it was observed that the final 

version dummy predicts higher injury measures than did the prototype dummy 

in an identical test condition. As can be seen from Table 12, the only 

“acceptable” (AIS less than 3.5) injury reading on the production version 

dummy came from the “B” parameter on the left upper rib. 

This test series finalized the HYGE sled testing. 

Although it was intended that the best of the available paddings be selected 

after the HYGE sled testing, thts final selection was not done. The reasons 

were as follows 

. 
The surrogate, which had changed mid-way through this study, 

was still net in final production form (not only was the SID 
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still under refinement, but discussrons with headquarters 

personnel indicated that a dummy developed by the APR of 

France miqht he selectrd ovw thP SID). 

. The feasihllity of actually moldmg or fabricatlnq flnished door 

components from the materials was unknown. The effect of 

such a procedure on the protective capability was also unknown. 

l The final selection was Judged to require other factors besides 

the protective capabllrty (such as cost, weight, flammability, 

etc. of the finished panels). 

It was decided to lnvlte all SIX of the suppliers to participate in a study 

entltled “Side impact Paddmg Tntegratton Study”. Tt was hoped that the 

surrogate would be flnallred durino the interim. 
, 
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6.0 Conclusions rn4 Rrcommendatrons 

From thrs study, the followrng was concluded: 

. A method of controlled component level testing was developed to identify 

padding materials that are suitable candidates for thoracic protection. 

Materials that were identified: 

Fibcrglrs Honeycomb (supplred by Owens Corning) 

GTR * (supplred by General Tire & Rubber Co.) 

Rubatex R-310-V (supplred by Rubatex Corp.) 

Ethafoam 600 (supplied by Dow Chemical) 

Ensolite AAC, & BCR (supplied by Uniroyal) 

Durafoam ClllA, &C222A (supplied by Monmouth Rubber) 

. A simple sled buck was developed which mrmrcs the crash environment 

experrenced by an occupant of a struck vehicle in an oblique side 

collision. The sled buck incorporates the following features: 

- upper and lower door panels with adjustable stiffness properties 

- adjustable base angle for obl tque impact simulations 

- HYGE acceleration capablrty to mimic the door acceleration pulse 

from a car-to-car impact 

. Testing was conducted usrng the Part 572 dummy on the side Impact sled 

buck which showed that a “rrgrd wall” impact is not a reasonable 

approxrmotion of a car side Impact environment. The rigid wall 

environment Increased the chest acceleratron from 75 g’s to 130 g’s at the 

same impact velocity. 

. 

a! 

* 

I 

. Usrnq the prototype STD, in a simulatron of an oblique side impact at 

tmpacttnq speeds of 30 mph and 15 mph for the strikmg end struck 

vchrclcs respectively, 3 inches of paddrng yielded thoracic Injury levels of 

less than AJS 3.5 and upper spinal accelerations less than 53 g’s (goals 

selected for the study). 
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APPENDIX A 

Interior Door Crush Tests Results 
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APPENDIX B 

Intermr Door Stiffness Trend Curves 
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APPENDIX r: 

Dtscusslon of Roller Tape Mechanisms 
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The Tane-Draw Force Limiter 

A higlhly efficient way to utilize a given stroke distance by 
converting kinetic energy into strain energy of deformation is 
to design the deformable vehicle skructure so as to exhibit a 
relatively constant force over the stroking distance. If this 
is done, the g-loads imparted to the vehicle(s) will be essentially 
constant over the stroke length, thereby eliminating spurious. 
e?fects, such as instantaneously high deceleration loads that are 
potentially harmful to the vehicle occupant. 

The idea of force limiting mechanism is not new and, in fact, 
much development work has taken place in an effort to develop a 
light-weight, low cost, reliable, force limiting mechanism. 
Although vehicles modified with such a force-limiter have exhi- 
bited significant improvements over unmodified vehicles, a large 
percentage of the solutions were expensive, heavy, and, unfortun- 
ately, not reliable. A case in point is the plastic hinge concept. 
Although, as mentioned, its use results in energy absorption 
improvements over an unmodified vehicle, it is heavy, rather costly, 
and due to its ever-changing moment arm during the stroking motion, 
does not have a constant force-deflection relationship. 

To investigate these points a bit further, consider the weight. 
The plastic hinge concept, by definition, is plastic only at the 
hinge point, and during the stroking motion, only this section of 
the member is being utilized to its full potential, while the 
rest of the member merely goes along for the ride. It, therefore, 
has a high ratio of weight to absorbed energy. 

Consider cost and relaibility. The hinge is rather difficult to 
fabricate at low cost due to the high degree of manufacturing 
care required to ensure that it does not fail at the hinge joint 
in a brittle fashion rather than plastically as designed. In 
addition, the hinge concept has been shown to have erratic results 
even when tested on the component level under tightly controlled 
laboratory conditions. Sometimes cracks appear at the joints 
and on occasion the failure mode has been simply a buckling of the 
compression flange. These characteristics when coupled with the 
fact that the deforming force varies with stroke instead of being 
constant as would be desired, show the need for a more optimal 
energy management system. 
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between force and stroke is definitely not a constant force 

relationship, and in fact, is usually highly non-linear. 
However, by proper adjustment of the tape width and/or other 
parameters that will be discussed later, a substantially con- 
stant force during the stroking length could be realized. Thus, 
the roller-tape system exhibits a high degree of versatility in 
that the tape axis need not be co-linear with stroking direction. 

SDecific Applications 

Let us now discuss some specific applications of the tape-roller 
system. 

The writer is familiar with several applications in which the 
tape-roller system has been successfully used as an energy ab- 
sorption device; however two stand out as prime examples of how 
such a device might be used. 

Force limiting in belt systems has been accomplished by pulling 
a mild steel tape through a set of rollers as shown in Figure 1. 
Force limiting in impact sled decelerator design, has been acc- 
omplished in a similar method but with the tape draw axis at 
ninety degrees to the impact direction (Figure Z)..me equations 
that describe the tension in the metal tape are identical for the 
two cases; however the force required to produce tape drawing is 
different since the direction of force application is different. 
In the following we will discuss the general operation of the 
device in some detail. After this discussion it will be apparent 
as to how the designer would proceed in each of the two general 
cases cited above. 

Let us examine the type of application shown in Figure 1 in some 
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strain (El = lenqth of outer fiber - length of neutral axis 
length of-neutral axis 

Di-t 
E 

+ IL) - e (2) 

D+t 
e2 

t E =D+t 
for one roller 

Nt 
E=D+tl where N is the number of rollers 

STF!!UN ECZUhT’I CN 
Firpre 3 

c-9 



where t and D are in inches and dS in lbs/sq. in.. It should 
be noted that the equation is only'm1i.d up to a total stress, 
Sy plus dS 

Y 
= the ultimate strength of the material. 

Friction can be assumed to be negligible in all true roller 
applications and, even when the roller is replaced with a non- 
rolling pin, the coefficient of friction is usually low varying 
from approximately 0.12 for completely unlubricated surfaces to 
0.04 for lubricated surfaces (see Ref. 1, Appendix A). 

Experience has shown that a good estimate on strain rate effects 
can be obtained by multiplying the basic equation by strain rate 
factor equal to: 

(3) SRF = 1 + O.O8*1og(v) 

where V is the strain velocity in in/mine Using all the relation- 
ships previously derived, we end up with a general equation for 

the force required to pull the tape through the rollers equal 
to: 

(4) F= N w t2 (s__ + dsr> @RF) 
D+ t 

where all the Mlues have been defined above. 

This discussion completes a general description of how the tape- 
roller force limiter functions. With a little imagination the 

designer should be able to tisualize many more applications. 
Figures 4 through 6 show a few more mriations for belt restraint 
system applications. 



ATTACHMENT A 

Force Limited Tape/Roller Analysis 
Prepared by: Michael Fitzpatrick 

Roller 

1. I:0 frict: on bet:leen tape and roller 
2. ;leutzal axis of tape at t/2 
7 J. S'izam energy absorbed in exce, eding elastic 

1 k of natczial 13 negligible when con?ared ;.Fs1 t 
to enrzgy absorbed during plastic deformation. 
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Between Points 1 and 2, the strain in the tape is constant 
since the radius of curvature and stress condition IS 
constant. After leaving Point 2,however, the tape must 
straighten so that more strain energy is absorbed by the tape. 
In the absence of strain hardening effects and for tape 
tensllc stresses small coxqared with bending stresses this 
enerpy will be th e same as that at Point 1. 

Equating the work done in pulling the tape over the roller 
to the strain energy stored in the tape, we have: 

. 

(T 2 
- T1lRfi = 2Mp# Or 

(2) 2% T2 - T1 = R- (The factor "2" comes from energy 
being absorbed at two places on 
the roller.) 

For a fully plastic section and the initial assumptions: 

t/2 
M = 

P 
+~yydy 

0 

Where: W = tape width 
T = yield stress of material 
$2 distance to centroid 

of dy Inner Fiber 

dy= thickness of element Bend Straighten 

2 t 
(3) MP = 2WTy [\lo'2 

Substituting (2) ink0 (3) 
* 

(4) T2 - T1 = F 
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APPENDIX D 

F 
Occupant/Door Comparisons from Budd No. 11 Simulation 
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4PPENDIX E 

Budi Form Responses from Dynamic 

Science Test No. 8330~2 Simulation 
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APPENDIX F 

. 
Force vs. Deflectlon Curves for Phase I 

Padding Component Tests 
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APPENDIX G 

Force vs. Deflection Curves for Phase II 

PaddIng Component Tests 
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APPENDIX H 

Body Form Responses from HYGE Sled 

Paddmq Eveluat ion Tests 
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APPENDIX I 

Drawinq & Description of FluId Impact Accelerator 



The device has many advantages over more commonly used pneumatic 

devices. Safety IS a key factor. The hydraulic fluid only compresses to levels 

of less than IO%, so a fracture of the main casing should not throw fragments 

to the surrounding area. Compact size (5” x 5” x 36”) and large capacity are 

also positive factors for the device. 

The design drawings of the device are contained on the following pages. 
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APPENDIX J 

Tarrier-e Drop Tests 
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FGURE J-l 

RIgid Drop Test Set-up 
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TABLE J-l 

Tarrlere Drop Test Results 

Llpwr Lower Left 
Test Test Spine Spine Upper Half Chest AIS AIS Rib Fracture 

No. Cond'n Accel'n Accel'n Rib Deflection (HSRI )"Q" (HSRI)"B" (Burgett) 
(G's) (C's) (E's) (In) 

1 1 meter 22.6 62.8 v 55.4 1.51 2.32 2.15 US Accel - 3.52 
Rigid Drop LS Accel - 13.17 

2 1 meter 32.11 58.8 54.9 1.51 2.48 2.45 US Accel - 5.87 
Rloid Drcp LS Accel - 12.21 

3 1 meter 26.5 63.5 55.8 1.71 2.6 2.44 US Accel - 4.46 
Rigid Drop LS Accel - 13.34 

4 2 meter 
5 l/Z" 
Pad&no 

31.2 36.9 39.3 1.94 2.07 3.10 US Accel - 5.59 
LS Accel - 6.95 

5 2 meter 26.5 30.9 21.7 - 1.89 3.35 US Accel - 4.46 
5 l/2" LS Accel - 5.52 
Padding 

6 2 peter 32.9 
5 l/2" 
Padding ho 
!&in cn Thorax 

32.0 39.8 - 2.07 2.89 US Accel - 5.99 
LS Accel - 5.78 

7 2 meter 37.6 45.8 52.6 - 2.43 2.95 US Accel - 7.12 
3" PadFlng LS Accel - 9.09 
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