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INTRODUCTION 

This fmal summary report covers the development, evaluatron and mstallatlon of 

the vehrcle mterror rmpactor portron of the work conducted under Contract No. 

DTNH22-80-C-07165 (SwRI Project No. 14-6059) with the Natronal Hrghway Traffic 

Safety Admmrstratron (NHTSA). As discussed m Modtfrcatron 2 to this contract, 

limited funds made only a summary report possrble. All areas of development, 

evaluation and mstallatlon have been addressed. Some of the detail discussion 

concerning development deculons, and a consohdated brll of materrals for the drawing 

package, have been left out. All material requirements for the fabrrcatlon of another 

Impactor have been included on the drawings. This summary report, the Operator’s 

Manual (submitted separately), the drawing package (submitted separately) and the 

lmpactor (shipped to Calspan ATC) complete this part of the contract. 

OBJECTIVE 

All effort was dlrected to develop and evaluate a vehrcle mterror lmpactor that 

could measure the injury producrng potential of vehrcle mterlor surfaces. This impactor 

was to be capable of accurately accelerating and propellmg a wide range of mstru- 

mented anthropomorphic (human-like) dummy forms, from small head forms up to torso 

forms weighing 40.4 Kg (89 lbs), at velocities up to 48.3 km/h (30 mph). The lmpactor 

was to be deslgned for conductmg tests within vehicles of a varrety of sizes, and so that 

the body forms could strike almost any contact surface within the occupant com- 

partment. The lmpactor was also to allow dummy body forms to be instrumented to 

measure the accelerations, forces, and/or distortions resultmg from an Impact. 

BACKGROUND 

High numbers of deaths and serious, disfiguring lnjurles contmue as a result of 

vehicle accidents on the nation’s highways. Many of these deaths and mjurles could be 

avoided if vehicle occupants were wearing their safety belts. Because very few 

accident victims wear belts, the vast majority of victims are lmpactmg the interror of 

vehicles during crashes. In a sense, these people are usmg vehicle mterlor surfaces as 

their safety restraints, and so there IS a need to improve the energy absorbing 

characterlstrcs and reduce the injury producmg potential of these surfaces. This IS not 
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to say that interior surfaces could provide protection equal to a properly desrgned and 

fitted safety belt or air cushion. However, these surfaces can be improved over those 

avallable in most cars produced today. 

Exrstmg Federal Motor Vehicle Safety Standards (FMVSS) 201 and 222 address this 

concern for automobile and school bus interrors, respectively. They are, however, in 

each case limrted to a simulated head impact. 

In addition, there have been other efforts to develop devices to evaluate vehicle 

interior surfaces. The most notable of these is a device developed by General Motors 

Corporation (CMC) and described in a progress report issued by them in October 1981. 

Their efforts were in response to the NHTSA notice regardmg side impact protection. 

The GMC device mounts outside the vehicle and as such does not rely on the vehicle 

structure. It is designed to propel a headform weighing 5.1 kg (11.3 pounds) up to 30 

km/hr (18.3 mph) into a wide range of interior surfaces. It is constructed so that the 

headform is guided along its tralectory. 

INITIAL CONCEPT 

The first concept proposed responded to requirements for a device that would 

propel headforms into the instrument panel of vehicles. It would include the capability 

to use either the 15 pound FMVSS 201 spherical headform or the FMVSS 222 bispherical 

headform. It would be designed primarily to propel the headforms forward with limited 

ability to perform lateral or oblique impacts. It also would guide the headform during 

its tralectory so that lateral motion was resisted, and penetration and rebound velocity 

was accurately measured. There are advantages to the guided approach versus an 

unguided approach and these advantages are particularly true when propelling a light 

compact geometrically shaped headform. The ability to measure penetration and 

rebound velocity means that the change in kinetic energy and the energy absorption 

characteristics of the impacted surface can be accurately assessed. A protocol and 

costs were developed for this approach. 
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SECOND APPROACH 

After the first approach was drafted, test capabllltles were revised. This led to 

the second concept which, while slmllar to the first, consldered propellmg bodyforms up 

to a complete dummy less arms and legs. The design was slmllar to the previous one m 

that It rehed on the test vehicle’s structure, primarily the 0 plllars, to support the test 

device and handle the lmpactor fkrmg reactlon forces. The design proposed to propel a 

headform slmllar to the previous approach, that IS, with a guldmg feature. It proposed 

to propel other larger bodyforms with an unguided or free flight approach. 

FINAL APPROACH 

When calculations of forces and stresses were consldered, In the second approach, 

It was reahzed that the vehicle structure would not handle the reactlon forces of 

propellmg the larger bodyforms. As a result of this and the assignment of new 

personnel to the design team, a new approach was formulated that did not rely on the 

test vehicle body structure for support. A conceptual drawmg IS shown In Figure 1. An 

exploded view of the lmpactor IS shown In Figure 2. BasIcally, this device has a frame 

onto which the test vehicle IS driven and secured. A smgle arm supportmg the 

acceleratmg cylmder and the mecharusms with which to orlentate It are Inserted 

through the door openmg of the vehrcle. The test body forms are mounted to the piston 

rod of the accelerating cylmder. 

The basic features of this fmal design and a dIscussIon of other considered design 

features were as follows: 

1. The prmclpal Impactor components are deslgned for long hfe. 

2. The actuator 1s mounted on an arm, which extends through the door openmg. 

The arm IS mounted to a pedestal that IS outslde the vehicle. 

3. The vehicle IS supported and secured on a frame that IS part of the pedestal 

that supports the actuator. 
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FIGURE 1. VEHICLE INTERIOR IMPACTOR CONCEPTUAL DESIGN 
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4. Adjustment IS provided to extend and retract the arm over a 72 mch span so 

that the Impactor’s lateral posrtlon wrthm the vehrcle can be changed to any 

posltron from full left to full rrght InsIde the vehrcle. The arm also rotates 

about its vertical mount on the pedestal to permrt the actuator’s rmtial 

drstance from the Instrument panel or other surface to be varred. The 

herght of the arm above the frame or its height relatrve to the mterror of 

the vehrcle IS contmuously adjustable through 12 inches by raising or 

lowermg the arm on the pedestal. 

5. The cyhnder IS mounted to the arm so that It can be rotated about vertical 

and horizontal axes. These adjustments permit the Impact angle of the body 

form to be adlusted to simulate oblique impact or rotation of an occupant 

about some lateral axis such as the “H” point. All adjustments are such that 

the cylinder can be secured rlgldly In Its fmal positron to mamtaln accurate 

almmg while the lmpactor IS being fu-ed. 

6. All adjustments are designed to be accomplished as quickly and as easily as 

possible. This permits setups to be made and changed rn a mmlmum amount 

of time. Motorized adjustments are provided for column horrzontal move- 

ment relative to the frame and movement of the horizontal arm relative to 

the top of the column. 

7. Some growth potentral in terms of Increased velocity and mass are Inherent 

in the desrgn. 

8. The accumulator IS large m volume compared to expanded cylmder volume 

to mimmrze the variation In cylmder pressure as the piston moves. The 

accumulator IS also concentric with the cyhnder to mmrmize the actuator 

length. 

9. The cyhnder IS designed with a seal about the center at the piston head. 

The area inside the 0-rmg IS directly exposed to the high pressure of the 

accumulator. The accumulator IS charged to a preset pressure, based on the 

desired velocity of the linear actuator. The annular area of the piston 
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outslde the seal IS not exposed to the high pressure until the piston 

dwplaces. The piston IS kept In Its retracted posrtron by a lower pressure 

exposed to the annular area around the piston rod on the rod srde. The 

cylmder IS fired by shunting pressurized air from the accumulator through a 

solenoid valve to the clearance volume on the piston cap end. The piston 

displaces once the balance of forces on each srde of the prston IS in favor of 

the cap end. As soon as the piston moves, the seal unseats and the entire 

piston head IS exposed to the high pressure from the accumulator. The 

piston IS then accelerated rapidly until the pressure on the rod end side 

increases and provides sufflclent force to decelerate the piston to a stop. 

10. Acceleration of the linear accelerator piston occurs over approximately five 

to SIX Inches of its stroke. The body form IS then free to translate forward 

at the velocrty reached at the end of this stroke. The piston IS decelerated 

over approximately three inches of Its stroke by pressure over the cylinder 

rod end. 

11. Provlslon for guiding a headform has been considered, All four cylinder 

clamping bolts are hollow and any two diagonal bolts can accommodate rods 

extended from the back of the headform to resist lateral matron and 

rotation about the cylinder axis. Thus IS admittedly a simple approach, but 

it IS potentially viable and It was Included at lrttle additional cost. A more 

effective approach would be to use linear bearings with the headform sliding 

on a shaft concentric with the piston rod. However, a new cylinder would 

have to be deslgned to accommodate this concept. 

12. The method for accelerating the bodyform IS to accelerate It to the desired 

velocity and leave It free to translate into the target surface. The location 

of the impact and the orlentatlon of the modlfled dummy body form IS 

controlled by the fixture, mounted to the piston rod; this fixture supports 

the body form so that undesirable motion does not occur during 

acceleration. The body form rebounds unconstramed. 
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13. Constralnmg the bodyform was considered rmpractlcal for two reasons. 

Frrst, It would Impose large bendmg and torsional loads on the lmear 

accelerator, making stored energy and its release in the linear accelerator 

structure a consrderation in analyzing the data. There also may be a need to 

comphcate and increase the cost of the linear accelerator structure to 

decrease deflectrons and their effects to an acceptable amount. Second, the 

kmematlcs of the bodyform and its change m velocity (and therefore change 

m kmetlc energy) would be reduced if it 1s constrained on rebound and 

srgmfrcant energy IS mtroduced and stored in the accelerator structure. . 

Stored energy could also be high enough to cause the bodyform to impact 

the mterror a second time. 

14. The mtroductron of a ball Joint, between the piston rod and dummy support 

fixture, was also considered less desirable than the approach discussed In 

paragraph 12 for two reasons. First, there would be an undesrrable effect on 

dummy kmematrcs on rebound. While the torsional resrstance would be 

negligible due to the swivel action of the ball Joint, the lateral resistance 

would still load the accelerator structure and affect the change in velocity 

as the dummy rebounds. Second, the ball joint will compromise the 

accuracy of the mrtlal dummy posrtronmg and introduce variation in impact 

locatlon and direction since rotation IS likely under acceleration. Whrle 

some means to resist motion at the ball jomt under acceleration was 

possible, adequate resrstance to prevent rotation would have yielded system 

performance somewhere between a free ball Joint and a rlgrd couplmg. 

15. An optional firing approach was Investigated using an explosrve squab to fn-e 

the Impactor. A supplrer was asked to assess the feaslbllrty of thrs 

approach, its cost and the variance m velocrtres that may be expected. 

Varrabrhty m speed and mass could have been accommodated by variable 

sized charges. A few different sized charges should have been suffrclent to 

accelerate the headform or the partial dummy to several drfferent velocl- 

ties. There were several potential advantages to this approach over the 

pneumatrc method: 
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0 The lnrtlal cost should have been lower because the accumulator, 

hoses, valves and stored gas cylmders (or compressor) were n t 

requn-ed. The squab would be frred from an external current source. 

0 The cyhnder would be smaller and, as a result, easier to fit into more 

posltlons and into smaller vehicles. 

0 The upkeep costs would be less because fewer components (valves in 

particular) would be used. 

After discussions with the NHTSA CTM, this approach was rejected becaus of 

the unfamlhar technologies and the potential safety problems that may have resulted. 

DESIGN DETAILS 

Use of Analytical Methods 

Frnai design details were worked out usmg a computer model of the proposed 

system to assure correct sizing of the piston, accumulator and orifice. Stress analysrs 

was performed on crltlcal parts, particularly in the fixture components which are hrghly 

stressed. Deflectron analysis was performed on crrtlcal structural parts to assure that 

excessive cylinder motion and hence, deviation from the impact target would not occur. 

Dummy component weights were analyzed to determine the loads that would be placed 

on the fixtures and cyhnder during flrlng. 

Dimensional Analysis 

Dlmenslonal analysis of the conceptual design usmg lnterlor envelope dlmenslons 

of U.S. compact and foreign subcompacts was performed. This was done to assure that 

the device could be used in vehicles of this size. A dlmenslonal analysis was also done 

on the width, length, wheelbase, and ground clearance of selected vehicles to properly 

size the rmpactor components and to enable the vehicles to be driven onto the frame. 

Dlmenslons were obtamed from the Motor Vehicle Manufacturer’s Assoclatlon (MVMA) 

and directly from vehicles. 
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Dummy Body Form Fixtures 

Fixtures were desrgned, fabrrcated, and provided as part of the completed 

lmpactor to propel the dummy head only, or the thorax-abdomen assembly and the 

lower extremities (legs and abdomen). In addrtlon, another fixture was designed to 

propel the head-thorax-abdomen assembly. All fixtures were designed for Part 572 

dummy body parts. 

The head fixture consists of a single flat plate that mounts directly to the piston 

rod. The head IS held in place by a rrgld structural polyurethane foam that IS cast using 

the head and a fixture before mountmg. The head orlentatlon relative to the piston rod 

for a particular test can be set during the castmg procedure so that rt ~111 be correct 

when mounted. The head IS held In place before testing wrth paper tape. A complete 

descrlptlon of the fixture, Its preparation and use IS mcluded in the Operator’s Manual. 

The fixture for the thorax-abdomen body form was deslgned to mount thus 

assembly rn a forward facing posrtron with adjustments to move It vertically and to 

rotate It about a lateral axis relative to the piston rod. The thorax-abdomen body form 

IS mated to thus fixture with a guide that IS mounted In place of the standard pelvic 

accelerometer cover. The guide IS adjustable to suit the angle of the fixture. 

Thus fixture was deslgned with an extensron so that a head support could be added 

and the head-thorax-abdomen fired as an assembly. 

The lower extremltles use the thorax-abdomen fixture with a support to hold the 

legs prior to flrmg. The support, which attaches to the thorax-abdomen fixture, drops 

away when the lmpactor 1s fired, allowing the lower extremltles to translate freely. 

. 

A complete descrrptron of the use of these fixtures IS included m the Operator’s 

ILvianual along with a list of design consrderations that were used In developing the 

fixtures. These design consrderatrons should be reviewed prior to the development of 

any new fixtures. 
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Body Form Impact Velocity Measurement 

A number of velocity measurement concepts were considered. The system fmally 

used conslsted of a rack with a series of evenly spaced holes attached to the body form 

fixture. The attachment was such that the rack would translate with the fixture as It 

accelerated and translated forward approximately 50 mm at the point of fixture 

maxlmum velocity when the fixture started to decelerate. The rack was constramed so 

that It translated only In a forward direction. The portion of the rack with a series of 

holes shd through a housing that contained an LED on one side and a hght sensltlve 

transistor on the other. These two components were In a lme Intersected by the rack 

with the holes. A digIta signal was produced from the associated electronics that 

varied as the holes passed the LED and hght sensltlve transistor. A time based 

measurement of the clrcult condition could be converted to maxlmum fixture or body 

form velocity by dlvidmg the time of one cycle at the pomt of maxfmum velocity. This 

method proved reliable and reasonably accurate given adequate resolution of the time 

base. A clrcult schematic IS shown m Figure 3. 

The accuracy of the velocity signal was checked by two methods. First, It was 

checked approximately by measuring the bodyform speed on high-speed film. Second, It 

was checked by comparmg lt to the first integral of the piston rod acceleration. This 

was a more accurate measure of velocity and proved consistent In comparison with the 

velocity measured with the photo transistor clrcult. 

It should be mentloned that velocity of the body form measured with the photo 

transistor clrcult 1s relative to the cylinder. Though rearward movement of the 

cylinder IS shght, it does introduce a possible error In the velocity value. To overcome 

this, the attachment of the photo transistor circuit housing to the cylmder was deslgned 

so that it could move slightly parallel to the axis of the cylinder. It was fitted with a 

threaded hole into which a rod end could be fastened and an extension could be attached 

to the rod end and through a second rod end to a plate that IS anchored to the test 

vehicle. This means that, while the cyhnder supports the housmg, the housing IS 

connected to the vehicle along an axls parallel to cylinder motion during flrmg. 
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CONTROLS AND ACTUATION 

Compressed nitrogen of at leas: 8268 kPa (1200 ps~g) IS used as a source to propel 

the dummy form. Its requirements a-e discussed In detail In the Operator’s Manual and 

a schematlc of the clrcult IS shown En Figure 4. A low pressure supply that IS either 

nitrogen or compressed air at 689 @a (100 ps~g) IS required to actuate the safety pms. 

A 115 VAC power supply IS needed for the electric motors that adjust the horizontal 

arm, the horizontal motion of the vertical column and the console. The console 

electrical schematIc IS shown In Figure 5. 

The console contains controls for adlusting pressures to the cylinder and for 

actuating the safety pms and firing the Impactor. It IS attached to the cylmder by an 

umblllcal which permits the operator to station himself a safe distance from the 

cylmder and Drovlde flextblllty m locatmg himself so that the Impact may be observed. 

The controls for the electric motors that adjust the horizontal arm extension and the 

horizontal motion of the column are contaIned on a separate umblllcal so that the 

person actuatmg them can posltlon hlmself to view the adjustment. 

SAFETY FEATURES AND CONSIDERATIONS 

The destgn requirements of the Impactor necessitate the ablhty to store large 

amounts of energy In the form of compressed gas. It IS also capable of drlvmg the 

piston rod of the lmpactor at velocities exceedmg 30 mph when a bodyform 1s mounted 

and at much higher velocities when no mass 1s mounted. In addltlon, the component 

structures of the impactor which suDport the cyhnder and move to permit adjustment 

are by design heavy to withstand firing stresses and mmlrniLe deflection. The high mass 

of these moving components makes them potentially hazardous whe,l they are not 

secured. 

The Operator’s Manual discusses safety in detail. It stresses the need for proper 

operation to ellmlnate the posslblllty of serious mjurles or fatahtles that could result 

from Improper use. Safety IS discussed m four areas which are detalled In the followmg 

paragraphs. 

Pressures - The cylinder has been provided with two safety pins that engage the 

piston rod when it IS fully retracted. The pins ~111 retain the piston rod even If the 
-13- 
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pressures are such that the piston would otherwise be unseated or If a malfunction 

occurred that permltted the flrlng circuit to be energized. These pins are engaged in 

the piston rod under spring pressure and released by actuating the low pressure air 

clrcult. The switch to actuate these pms IS located on the front of the control panel. 

The maxlmum pressure allowed In the cylinder IS 8268 kPa (1200 ps:g). This hmlt 

IS labeled on both the control panel and on the cyhnder. To assure comphance with this 

llmlt by the control panel operator and to ehmlnate the posslblllty of overcharge due to 

the charge valve bemg left open, a regulator should be attached to the high pressure 

cyhnder and adjusted to 8268 kPa (1200 pslg) or to a lower pressure that reflects the 

maxlmurn workmg pressure expected. A rupture disc IS Included In this clrcult to 

prevent pressures from exceeding 9991 kPa (1450 pslg). 

The maxlmum pressure In the safety pm actuation clrcult IS 689 kPa (100 pslg). A 

regulator should also be provided in the circuit to assure that the pressure does not 

exceed this amount. A relief valve 15 included In the circuit to prevent pressure from 

exceedtng 689 kPa (100 pslg). 

Adjustments - The lmpactor adlustments made with the electric motors require 

actuation of two switches for any motion. The motor dlrectlon toggle switch IS first 

actuated, then a push button engaged to actuate the motor. The motors will stop as 

soon as the push button IS released. 

Actuation of the impactor adjustment inside the vehicle should be made only when 

no personnel are InsIde the vehicle. Actuation of the various adjustments should be 

made with great care as substantlai masses are being moved. All adjustments should be 

locked except for the one being moved to ehmmate unexpected movements of the 

various Impactor parts. 

Procedures - The use of a checkllst slmllar to that provided in Appendix B ~111 

assure that the proper order of events for flrmg takes place and that personnel safety 1s 

observed. 
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Firing - The actuation of control panel switches should be called out In the 

sample checkllst and in the order pro\ tded from left to right. Actuation should be 

:mmedlately before flrmg except for the power switch. Two push button switches must 

be actuated slmultaneousiy to fire the Impactor. The red hght between these two 

tndlcates that the system IS ready for fltmg. 

No one should be In the vehicle or near the cyhnder when It IS being pressurized or 

when flrlng. A safety Lone should be T;,arked or at the very least observed around the 

anchor frarne drlct vetilc ie when pressurl.~:~ g ot firing. 

MAINTENANCE 

Mmlmal maintenance 1s required for the mlpactor. Two areas that require 

attention are discussed in detail in the Operator’s illanual. The cylmder Internal seals 

and bearmgs require perlodlc Iubrlcltir’n as do the rrtovlng parts of the assembly. The 

specific procedures dnd types of lubricant are Included In the Operator’s Manual. 

FIKlNC 

The Operdtor ‘5 Manual discusses tne riring procedure. It IS recommended that a 

written protocol be followed to assure ddhcrence to safety concerns as well as assurmg 

that the proper test setup IS followed, test documentdt’on IS obtalned and all test 

mstrurnentatlon IS properly activated. Thr Importance PT, a well developed and properly 

followed tlrtng protocol cannot be ove~~i~~1~3si7ed. It assures safe operation as well as 

testmg that yields a high percentage of successtut results. 

TE3TlNG 

resting wds conducted on the cowleted impactor to conflrm its structural and 

stiffness adequacy under use, as we11 as its safety and practlcallty. In addltlon, Its 

performance was measured to assure that It met design goals. Evaluations were 

conducted In the areas dlsLussed 11~ the following paragraphs. 
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Installation of Test Vehicle on Impactor Frame - Several test vehicles were 

installed on the impactor frame to assure that vehicles of the size they represented 

could be driven on and off as well as positioned so that the horizontal arm could be 

extended through either the front or (if equipped) rear door. A full size 1979 Chevrolet 

Impala, a compact 1978 Ford Fairmont, a compact 1981 Buick Skylark, and a 

subcompact 1978 Toyota Corolla were used to test dimensions. After minor changes to 

the inner tire guides on the impactor frame to permit vehicle chassis clearance, all of 

these cars could be accommodated. 

Installation of Impactor Inside Vehicle - The impactor was installed inside the 

1978 Fairmont and the 1981 Skylark to evaluate its range of adjustments and the ease 

of making adlustments on the impactor. A detailed set of instructions to install the 

cylinder and adjust it inside the test vehicle is included in the Operator’s Manual. The 

range of cylinder adjustments Inside the Skylark are shown in the figures included in 

Appendix A. The following basic firing positions and bodyforms were evaluated: 

Body Form Target 

Head-Face Windshield 

Head-Face A-Pillar 

Head Roof Edge 

Head WIndshield Header 

Head B-Pillar 

Head-Face Steering Wheel 

Head-Face Instrument Panel 

Thorax-Abdomen Instrument Panel 

Thorax-Abdomen Steering Wheel 

Lower Extremities Instrument Panel 

This list was derived from the RFP entitled “Study of Occupant Impact with 

Vehicle Interior Surfaces” (RFP No. DTNH22-82-R-07364). Though some minor 

limitations were noted with the headform, all firing positions could be obtained. It 

should be noted that the headform requires the greatest range of adjustment and the 

least amount of energy to propel. The cylinder, which IS designed to propel at least a 

40 Kg (89 lbs) payload IS over-designed for accelerating the headform. A smaller 
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cylmder exclusively for acceleratmg the head could be deslgned and used allowmg 

further flexlblhty In almmg the cylmder. 

Firing the Impactor - A series of test firings were conducted on the lmpactor to 

evaluate Its performance, develop a fu-mg protocol, develop velocity versus pressure 

flrmg curves and develop protocols for using the three bodyforms. 

Inltlal testmg showed some problems with seal leakage which was corrected 

through redesign. The cyhnder was tested to a maxfmum pressure of 8268 kPa (1200 

pslg). It was deslgned for 20,670 kPa (3000 pslg). 

A flrmg protocol was developed and this was included In a test protocol which was 

provided as a checkhst In the Operator’s Manual. 

The head, the thorax-abdomen and the lower extremltles were all flred from the 

lowest practical speed to 49 km/h (30 mph) to evaluate their respective supportmg 

fixtures and to assess their trajectory performance. Evaluation of fixture and 

trajectory performance was done with high-speed photography. Lateral views were 

taken with a PhotosonIc I6mm-IB camera operatmg at 1000 FPS and with an 8mm Ilex 

lense. The films permitted a detalled view of the fixture body form durmg flrmg, and 

fixture and body form deformation and body form rotation about Its lateral or vertical 

axes. Tests were conducted with a target surface as close as 250mm (10 Inches) to the 

extended Impactor piston rod to assess the impactor m a condltlon slmllar to that mslde 

a vehicle and as far away as two meters (-6.5 feet) to assess the body form trajectory. 

Instrumentation used to evaluate Impactor performance consIsted of an accelero- 

meter mounted to the Impactor cylmder rod, an accelerometer In the chest mount of 

the thorax-abdomen assembly and the piston rod velocity measurement equipment. This 

lnstrumentatlon was used along with the high-speed film to determme relative motion 

between the body form and the fixture, and static and dynamic deformation of the body 

form. Relative motion between the body form and fixture can best be mmlmlzed by 

adequately supportmg the body form where it extends over the fixture and by 

preloadmg it to the fixture with tape before flrmg. Static and dynamic deformation IS 

only a concern with the thorax-abdomen. From analysis of the high-speed films It was 
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found that a mmlmum distance of 229 mm (9 Inches) should be made available between 

the body form and the target surface with the piston rod fully retracted when firing at 

49 km/h (30 mph) to assure that body form excrtatron has adequately decayed and that 

the abdomen shape has fully recovered. The Operator’s Manual gtves complete 

mformatron for mmimum distances relative to frrrng velocity. 

The mstrumentatron was also used to estabhsh the frrlng curves. These are the 

relatronshrps between accumulator and rod end pressures and the bodyform velocity for 

each of the three body forms evaluated. Copies of these curves are included in 

Appendix B. 

A record of all fit-mgs, mcludmg a descrrptron of the body forms and maxlmum 

velocities, was made. A copy of this log IS Included in Appendix C. 

OPERATOR’S MANUAL 

An Operator’s Manual was drafted and sent to NHTSA and CALSPAN. Its 

contents include a descrrptron of the Impactor; detailed installation, operating and 

maintenance instructions; safety features and procedures; pneumatic and electrical 

schematics; firing curves; and a suggested firing protocol. An attempt was made to 

mclude much of the operating experience that had been gamed over the 135 flrmgs that 

had been made during development and evaluation of the impactor. 

DELIVERY OF HARDWARE AND FOLLOW-UP ASSISTANCE 

After evaluation of the rmpactor was completed, the rmpactor was loaded on a 

flatbed trailer for debvery to CALSPAN Corporatron In Buffalo, New York. Copies of 

the Operator’s Manual were sent separately. After the impactor was received, SwRI 

personnel vrsrted CALSPAN to assist in Its assembly and to instruct CALSPAN 

personnel on its operation. Several follow-up telephone conversations were made with 

CALSPAN personnel to answer questions they had about the rmpactor operation. 
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DRAWING PACKAGE 

A complete set of reproduclbles and all drawmgs was made and forwarded to 

NHTSA under separate cover. Each drawmg has a bill of materials. The entire package 

was reviewed by the designer and the project manager to assure that It was complete 

and correct prior to shipment. 

FURTHER INVESTIGATION 

Further refmement of hardware is possible and could best be accomphshed after 

experience from flrmg the lmpactor IS gathered durmg the first test program. 

One of the purposes of the Impactor 1s to be able to assess the energy absorbmg 

characterlstlcs of vehicle mterlors wlthout resortmg to the expense of full scale or sled 

tests. It would be desirable to compare the results of Impactor testing on an Impact 

sled using the same mterlor surfaces and full or partial anthropomorphic dummies. This 

comparison IS necessary to either valldate the lmpactor results or to provide a baselme 

to which lmpactor test results can be compared. 
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APPENDIX A 

PHOTOGRAPHS OF THE IMPACTOR 
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APPENDIX B 

FIRING CURVES FOR EACH BODY FORM 
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APPENDIX C 

TEST LOG 
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