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FOREWORD 
- 

This report presents the results of the side Impact studies as 

developed under the Basic Research m Crashworthmess Program. The 

obJectlve of the overall program IS to develop and test automobile structural 

conflguratlons that cylll ( 1) reduce mtruslons Into the occupant compartment, 

(2) produce more nearly uniform crush characterlstlcs, and (3) satrsfy the 

strength and stiffness requirements of normal operating condltlons. The 

results of the research will be used to explore the feaslblllty of an automo- 

- bile crashworthmess standard to reduce penetration of the passenger 

compartment by outside obJects and, at the same time, more efficiently 

utilize energy absorption prlnclples. 

- 
The overall objectives are to be accomplrshed by making modiflca- 

tlons on recent productron automobiles. Three other concepts have been 

developed wlthln the program. These are a forward structure modlflcatlon, 

an engine deflection concept and a rear engine vehicle slmulatlon. 

The findings of the overall program are presented m the following 

series of reports: 

“Basic Research in Automobile Crashworthiness - 
Testing and Evaluation of Forward Structure 
Modiflcatlon Concept”, CAL Report No. Y B-2684-V- 1; 

“Basic Research in Automobile Crashworthmess - 
Testing and Evaluation of Engine Deflection Concept”, 
CAL Report No. YB-2684-V-2, 

“Basic Research rn Automobile Crashworthiness - 
Testing and Evaluation of Modlflcatlons for Side 
Impacts”, CAL Report No. YB-2684-V-3; 

“Basic Research in Automobile Crashworthiness - 
Testing and Evaluation of Rear Engine Concept”, 
CAL Report No. YB-2684-V-4; 
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“Basic Research in Automobile Crashworthiness - 
Analytical Studies”, CAL Report No. YB-2684-V-5; 

“Basic Research m Automobile Crashworthmess - 
Summary Report”, CAL Report No. YB-2684-V-6. 

The reported research was performed under Contract No. FH-11-6918 

with the National Highway Safety Bureau, Federal Highway Admmlstratron, 

U. S. Department of Transportation. The opinions, findings and conclusions 

expressed in this report are those of the authors and not necessarily those of 

the National Highway Safety Bureau. 

This report has been reviewed and IS approved by: 

Edwin A. Kldd, Head 
Transportation Research Department 
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SUMMARY 

The side structures of several frame-type automobiles were modi- 

fled with the obJective of achieving constant deceleration without excessive 

passenger compartment intrusion. A review of actual accident cases showed 

evidence of a lack of adequate door strength relative to the support posts; 

hence, the initial vehicle modlficatlon consisted of a strengthened door and 

related structure. Two other modified vehicles were tested which involved 

changes to the vehicle frame, Additional tests included an unmodlfled (base 

line) vehicle for comparison, a developmental vehicle for Investigating the 

performance of a minor modification and to improve methods of data collec- 

tlon and mterpr etation, and a number of dynamic door and beam component 

tests. 

All test vehicles were 1966 Fords impacted at a nominal velocity of 

20 MPH into the CAL pole barrier -- a concrete filled, 12-3/4 0. D. pipe. 

The impact points were near the center line of the right front door. 

Results of the tests showed the excessive compartment lntruslon of 

_ present designs and demonstrated that improvement is possible with a 

moderate weight increase and without significantly higher peak decelerations. 

Addltlonal side modlficatlons are recommended which fully integrate the 

’ door reinforcing and frame modlflcatlon concepts that were investigated m 

this study. 

Appendices descrrbe: (1) tests on a latch mechanism to permit 

strengthenmg of the door without mterfermg wth Its functlonal operations, 

and (2) a comparative study of the effects cf accelerometer location and 

filtering. 
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1. INTRODUCTION 

The obJective of modifying the side structure of a vehicle has been 

to obtain a uniform deceleration response m a colllsron without unacceptable 

intrusion into the passenger compartment. Permanent deformation, since 

all test vehicles were impacted against a rigid obstacle, is not undesirable 

per se, but the effectiveness of any modification requires that the deforma- 

tion that does occur be used as efficiently as possible to limit the peak 

compartment deceleration. Passenger compartment intrusion is inherently 

bad since it can contribute to inJuries in side collisions. 

The underlying purpose of this research has been to explore the 

feasibility of reducing 1nJurles and iatalltles in lateral collisions. The rela- 

tionship between those quantities such as deceleration, crush, etc., which 

can be directly measured durrng a crash test and the corresponding injury 

potential of the collision is tenuous and complex. Seating position, restraint 

devices and human tolerance data dre all important variables. Such consl- 

derations, however, are not within the scope of this present study which 

primarily deals with vehicle structure. Some of these aspects of the over- 

all problem were explored in a simplified computer study of car-to-car 

side collision, Reference 1. 

Some differences between modifications to improve behavior in side 

collisions and those for frontal impacts should be noted. Passenger com- 

partment intrusion is much more of a problem in side collisions; only a 

small space 1s available to protect the occupant on the Impact side from 

the impacted obJect, and intrusion occurs in all but very low speed 

collisions. The limited space and the mtrlnsrc weakness of conventional 

side structures of vehicles severely limit the modifications that can be 

considered. 
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This report presents the test results of two vehicle modifications for 

improved performance in lateral impacts -- one involving changes to the 

door and related structure using light gauge sheet metal and the second 

involving changes to the frame using structural I-beams and tubes. Also 

presented are results of a base line (unmodified) impact and a developmental 

crash test, the conclusions drawn from comparing the base line and modified 

vehicle tests, and results of component tests on doors. 

2 YB-2684-V-3 



2. CONCLUSIONS AND RECOMMENDATIONS 

- 

-- 

- 

- 

.- 

- 

2. 1 Conclusions 

2. 1. 1 Present automotive desrgn practice permits excessrve 

passenger compartment intrusion in side impacts wrth narrow, flxed objects 

at low impact velocity. For a 20 MPH side collision mto a fixed pole, 

permanent external penetration for a conventronal (base line) vehicle was 

24 inches. The roof, door, and floor structures offer inadequate resistance 

to side intrusions. 

2.1.2 Discernable improvement In structural crashworthiness over 

a base line (unmodlfled) vehicle has been demonstrated with vehicle con- 

cepts mvolvlng modiflcatlons for side impact protection. Specrflcally, these 

design concepts were (1) a modified srde structure lncorporatmg door beams 

and (2) a more extensive modlflcatlon including structural changes to both 

the vehicle frame and passenger compartment. Full-scale crash tests 

were performed which simulated a side colllslon into a flxed pole at 20 MPH. 

2.1. 3 For a moderate weight increase (approximately 20 pounds 

per door), lntrusron resistance can be Improved in side impacts at a door 

opening wlthout causing slgnrflcantly hrgher peak acceleration. This con- 

cluslon 1s based on the performance of the “Mod. 3” vehicle, which Included 

door beams and a number of relatrvely minor desrgn changes to the passenger 

compartment structure. Such an approach can improve performance some- 

what by increasing lateral loads early In the colllslon. However, marked 

improvement in occupant protection in side impacts with fixed ObJects wrll 

require more extensive structural modlfrcatlon of present automobiles, 

lncludlng more substantial frame structures. 

2.1.4 A structural concept combining modrflcatlons to the vehicle 

frame and passenger compartment showed significant improvement over the 

performance of the base line (unmodrfled) vehicle. Thus conclusion 1s based 

3 YB-2684-V-3 



on the performance of the “Mod. 3A(2)” vehicle, for which deformation of 

the side structure was substantially reduced in a nominal 20 MPH pole 

collision and the acceleration waveform was more uniform and closer to 

a 20 g mean value. Additional crashworthiness improvement is believed to 

be possible through further frame modification and a more complete 

integration of passenger compartment modification with existing vehicle 

structure. 

2.1.5 Because of the limited acceptable crush distance available 

in side impacts, it is essential that substantial loads be developed as early 

as possible. This can be accomplished by the addition of structural members 

at the periphery of a vehicle, or by methods of transferring impact load to 

frame members. However, an effective structural design must also limit 

collapse loads to avoid unacceptably high accelerations which might cancel 

out any structural improvement in crashworthiness due to reduced intrusion. 

A uniform compartment acceleration response in the neighborhood of 20 g’s 

appears to be a reasonable design goal for side impact performance. 

2.2 Recommendations 

2.2. 1 Additional side structure modifications, aimed at more 

fully achieving the goals of this research, should be developed and tested. 

A combination of the passenger compartment and frame modifications 

already tested is suggested as a first step. Further modifications should 

more fully integrate added structural components with existing vehicle 

structure in order to demonstrate design practicability and limit weight 

increase. 

2.2.2 Evaluation of side structure modifications in car-to-car 

impacts is recommended. In the present research program, side impact 

tests have been exclusively performed against a narrow, fixed ObJect 

(stationary pole). This LS believed to constitute a most stringent impact 

condition as well as being quite representative of real-world single vehicle 

- 

4 

- 

w 

CI 

I 

I 
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- 
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C 

accident exposure. However, the implications of car-to-car side impact 

performance between conventional and modified vehicles should also be 

explored. This should include evaluating the effect of modifying the front 

structure of an impacting vehicle on the performance of conventional and 

modified side structure. 

2. 2. 3 Side impact tests of structurally modified vehicles at an 

impact speed greater than 20 MPH are recommended. Test results indicate 

that higher speed tests would more dramatically demonstrate improvement 

in structural performance of modified vehicles in side impacts with fixed 

objects when compared with unmodified vehicle performance. 

2.2.4 Rollover testing of vehicles with modified side structures LS 

recommended. Results of the present program indicate that a roll bar 

structure designed to transfer load to the opposite side and to dissipate 

energy through controlled collapse is an attractive component for improving 

side impact structural performance, A roll-bar structure, as well as other 

side structure modifications, can likely be beneficial for improving 

crashworthiness in both side impact and rollover-type accidents. This 

dual-feature potential of side structure designs should be explored further. 

2. 2. 5 The development and testing of a vehicle frame structure for 

providing effective collapse in both frontal and side impacts LS recommended. 

It is believed that frame cross members which can be effectively utilized 

for transferring load and dissipating energy in side collisions could be 

integrated with a front structure designed to control collapse in frontal 

impacts. 

- 5 YB-2684-V-3 



3. PRELIMINARY STUDY 

A 

A survey of typical ACIR cases Involving lateral impacts wrth poles 

was undertaken. Subject to the limitations of dependence on photographs 

for information, the following conclusions pertinent to possible structural 

improvements were made. 

4 The strength of the door panel is incompatible with 

the strength of the supporting posts. Evidence for 

this observatron lies in the many accrdents where 

the impacted door is severely damaged with lrttle 

apparent damage of the srde post or the nonrmpacted 

door. Figure 3-l shows an accident lllustratlng this 

point. 

t 

. A preponderance of injurres can be ascribed to low 

lntruslon resistance of the structure rather than 

high acceleration levels. The injuries include a 

large number in the pelvrc region; head injuries are 

also common. Similar injury patterns were uncovered 

by States and States (Reference 2). Frgure 3-2 rllus- 

trates penetration patterns in pole Impacts. 

Automotive Crash Injury Research program of Cornell Aeronautical 
Laboratory, Inc. 
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In addrtron to injury patterns, States and States present some conclu- 

sions on behavior of drfferent vehicle structures, based on therr clrnrcal 

study of 48 lateral Impact accidents. Those relevant to this study are: 
- 

l At present (1968), doors are sheet metal structures 

which collapse with little energy absorption. The 

door was the single structure most commonly 

causing injury. 

- 
s Chassis frame structure must be coordinated with 

door de sign. The lntroductron of perimeter frames, 

beginning In 1965, has been a maJor improvement. 
- 

. Some unit body frame vehicles are particularly 

vulnerable in side impact accidents. 

. Door pillar (B-post) constructron and anchorage 1s 

essential to prevent penetration of lmpactlng vehicles 

which overrrde the frame and floorpan of struck 

vehicles. Hard top models are particularly vulnerable. 

B-pillar anchorages In sedans of conventional construc- 

tion may shear off at the floor level, In spite of their 

roof anchorage. 

- 

- 
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4. TEST CONDITIONS 

Detailed lnformatlon for each of the five side colllsrons that have 

been conducted IS presented in subsequent sectrons of thus report. The 

purpose here is to grve the general condrtlons for all tests. 

. All test vehrcles were either unmodified (base 

lrne) or modified 1966 four-door Fords. 

. Nominal Impact velocity was 20 MPH. 

. The Impacted oblect was a 12-3/4 In. 0. D., 

1 inch wall thickness, concrete frlled pipe. 

. Nominal impact point was the center line of the 

front door, for all vehrcles, thus was very close 

to the longitudinal center of mass. 

. Test vehicles were supported on casters attached 

to the frame. Impact velocity was achieved by 

towing with another vehicle. 

The reasoning leading to these test conditions is discussed below. 

4.1 Impact Point 

Although actual side collisions frequently result in rotation, impact 

at or near the center of gravity is more severe in terms of vehicle damage. 

In terms of occupant injury a collision in which rotation of the vehicle 

occurs may result In more Injury due to increased relative occupant-vehicle 

velocity In the second colllslon. Because thus effect would be dlfflcult to 

control and because it would obscure Interpretation of purely structural 

behavior, It was decided to lrmit rotation by lmpactrng as near to the center 

of gravity as possible. 
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4.2 Impact Velocity 

- 

- 

- 

- 

The thickness of the Ford door (typical of standard American cars) 

is 12 inches at its widest point. Because of finrte rise and decay times 

and the volume of crushed material, it is not possible to use the full 12 

inches for constant force behavior. Using a typical efficiency of 60 percent 

(7.2 inches) it can be calculated that impacts with rigid objects can be sus- 

tained to 19 MPH without exceeding 2Og’s. The velocity was rounded to 

20 MPH, which was the nominal velocity for all side tests. 

4.3 Pole vs. Car-to-Car 

Although car-to-car side collls~ons are more common than those 

with fixed objects, all side test vehicles were impacted against a rigid 

pole. This test condition is particularly severe since a pole is usually non- 

deformable and all the energy must be absorbed by the impacting vehicle 

(see Ftgure 3-2). In a car-to-car side collision, however, residual motion 

of the colliding vehicles and sharing of deformation reduces the energy to be 

absorbed by the impacted vehicle. Furthermore, a pole impact generally 

results rn a more concentrated loacing than an intersection-type car-to-car 

collision. 

Other reasons for choosing a pole impact configuration concern 

actual testing. For example, collision with a fixed object simplifies camera 

coverage, specifically, the underside camera can be used to observe frame 

deformation during impact. Also, a pole can easrly be instrumented with 

load cells to obtarn impact force data. In addition, if many tests are to be 

performed, the pole impact test is probably more economical than car-to- 

car testing since only half as many vehicles are required. Repeatability 

may also be more of a problem in large scale car-to-car testing since 

identical impacting vehicles would be required for convincrng comparisons 

of impacted vehicle performance. 
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5. PERFORMANCE OF BASE LINE VEHICLE 

5.1 Base Line No. 3 Crash Test 

The purpose of the base line test was (1) to provide data for use in 

the design of the modified vehicles and (2) to provide a performance base 

for comparisons with the results of the modified vehicle tests. The base 

line test is particularly necessary for a lateral pole impact because no 

other source of data is available. As is explained in Section 8, the D-2 

developmental vehicle involved only a very minor structural change. Since 

D-2 had more instrumentation than the base line vehicle, for some compar- 

it is convenient to treat D-2 as a de facto base line test. isons 

5.2 Test Results 

The base line vehicle was crashed into the CAL pole barrier at a 

speed of approximately 2 1.5 MPH at a point about 6 inches aft of the right 

front door center. A summary of test conditions and related data is con- 

tained in Appendix C. 

Driver’s seat accelerations for the side (toward pole) and vertical 

directions are shown in Figure 5-1. The side trace has a maximum of 

35 g’s at 0 054 seconds, but this peak is not significant as far as a passenger 

is concerned due to its duration of only approximately .003 seconds, The 

significant peak of 25 g’s occurred at .O26 seconds. Similarly, for the 

vertical accelerations, the most important peak was 3Og’s (upward) 

occurrlng at .034 seconds. 

- 

- 

- 

- 

Based on trip switch data (LO0 5 MPH estimated accuracy). 
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Driver’s seat side acceleration data are replotted in Figure 5-2 

along with a filtered version of the same trace. The filter has a cutoff 

frequency of 50 Hz and a roll-off frequency of 100 Hz. The flltered side 

accelerations showed a maxlmum of 20 g’s at .036 seconds compared to 

the unfiltered maximum of 25 g’s. In addition to the acceleration data in 

Figure 5-2, a velocity curve IS shown, which was obtalned by direct lnte- 

gration of the acceleration data. A graph of filtered acceleration of the 

floorpan at the driver’s location versus computed displacement IS shown 

in Figure 5-3. Acceleration of the vehicle in the fore-aft direction 

(longitudinal) showed no signlflcant data and IS not presented. 

Sensor data from the package mounted on the drive shaft hump con- 

tained extraneous accelerations due to floorpan buckling and tilting during 

pole penetration. These data are less accurate than the driver location 

data and, hence, are not presented. 

Photographs of the test vehicle after the colllslon are presented In 

Ftgure 5-4. Ftgures 5-4(c) and 5-4(d) h s ow the upward displacement of 

the floorpan In the front and rear compartment areas and the fairly large 

bend in the front bench seat. Measured permanent deformation was approx- 

lmately 24 inches. 

The tlmlng of specific events during the crash, relative to Initial 

pole contact, was obtained from the film data and applied to Figure 5-l 

along with a sketch of the vehicle. Contact of the pole with the maln side 

frame was noted to occur at approximately .024 seconds. 

d 
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Figure 5-3 BASE LINE 3: DRIVER’S SEAT ACCELERATION VS. DISPLACEMENT 
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The vehicle deformation and the external shape of the car were 

determined by measurrng around the total periphery of the vehrcle at a 

distance approximately 28 inches above the ground. These data are plotted 

to scale along wrth a standard car profile in Frgure 5-5. An overall mea- 

sure of vehicle structural rlgldlty ,ind Impact severity can be obtalned from 

this type of comparison. Note the lotal body bendrng tendency. 
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6. DESIGN OBJECTIVES AND CONCEPTS 

The Objectives of this research Imposed llmitatlons on the design 

and the extent to which the vehicles were modified. Srnce ultimate produc- 

tion cost was a conslderatlon, automotive grade steel was consrdered for 

material where possible, and welding was the method of fabrication. An 

additional design conditron was that the added structural members stay 

within the envelope of the original vehicle; this minrmlzed changes to the 

appearance of the vehicle and limited a source of variation in the testing 

program. 

Mrnrmum weight of added structure was also a design criteria 

because weight is directly related to ultimate cost, vehicle performance 

and handling qualrty. Modifying exlstrng vehicles has the effect of addrng 

more weight than that which would be requrred rf the modlficatron were 

Incorporated into the design of the vehicle from the beglnnrng. Thus occurs 

because in constructron of the modified vehicle rt IS frequently easrer to 

parallel existing structure instead of attempting to Integrate modrficatlons. 

All test vehicles were four-door 1966 Fords of typrcal frame-and- 

body construction. Four-door vehrcles were chosen because it appeared 

more difficult to Improve protection In side impacts and because modifica- 

tions could be adapted to two-door cars. 

Vehrcle design for side impact protection can be separated into two 

distinct, but complementary, phases. These are (1) reinforcement of doors 

and adJaCent supporting structure (primarily the A- and B-posts) to resist 

penetration and (2) strengthening the perimeter frame structure for improved 

load dlstributron and energy absorption capabrlity. The latter area Includes 

cross members between B-posts which, if located at roof level, also serve 

as added rollover protection. The objective of a design which incorporates 

both of these structural modifications 1s to reduce compartment intrusion in 

side impacts and, at the same time, limit compartment accelerations to 

acceptable levels (say 20 g’s) by efficient use of collapse distance. 
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General structural concepts for each of these design phases are 

presented below. Speclflc design details are dlscussed In each of the 

sectlons which are mainly devoted to test results and evaluation of particular 

modlfled vehicles. The Mod. 3 vehicle addresses the door reinforcement 

problem. Improvement of frame structure IS the primary design objective 

of the Mod. 3A sister vehicles, l.c., h’lod. 3A( 1) and Mod. 3A(2). A devel- 

opmental test (designated D-2) was performed In order to assist in 

evaluating the Mod. 3 structural performance and to Improve methods of 

data collection and lnterpretatlon. 

6.1 Design of Door Reinforcement (Mod. 3) 

The objective of Mod. 3 IS to use the door as a beam, thus trans- 

ferrlng load to the “A” and “B” posts. Flqures 6-l and 6-2 are slmpllfled 

graphlcal comparisons of the base line structure and the associated defor- 

mation pattern with the modified structure and its antlclpated deformation 

pattern. 

A further Objective IS to obtain a cable-type action of the strength- 

ened door as deflectlons increase In order to llmlt lntruslon Into the 

passenger compartment. The experlmental and theoretIca basis for the 

cable action 1s given In Appendix A, which describes tests of the strength- 

ened door. Figure 6-3 shows that the cable action IS dependent on the 

stiffness of the end restraints (L. e., the rlgldlty of the “A” and “B” posts). 

A practicable and effective design should have the following features: 

1. mlnlmal weight Increase, 
- 

2. no Interference with window or locking mechanism, 
- 

3. llmltatlon of penetration In side Impacts where 

lntruslon is often a source of injury, 
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Figure 6-1 BEHAVIOR OF SIMPLIFIED BASE LINE STRUCTURE 
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- Figure 6-2 BEHAVIOR OF SIMPLIFIED MOD. 3 STRUCTURE 
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- 
4. uniform passenger compartment deceleration 

response of about 20 g’s, 

5. cable action between “A” and “B” posts after 

large deflections have occurred. 

- 

6.2 Design of Frame Structure (Mod. 3A) 

- 

- 

- 

- 

- 

- 

- 

Figure 6-4 compares normalized force-deflection curves of knee 

struts fabricated with a square tube and an I-beam, where web instability 

of the I-beam has been prevented by the addition of side plates. Since 

absorbed energy is equal to the area under the force-deflection curve, it 

is apparent that the performance of the stiffened I-beam is close to the 

maximum expectation. The square tube is shown for contrast since no 

convenient way has been devised to prevent buckling (i.e., local instablllty) 

of the side walls and the force-deflection curve is characteristic of this 

failure mode. The primary design objective was to incorporate the nearly 

ideal behavior of the I-beam into the vehlile frame to produce a reasonably 

uniform passenger cornpar tment deceleration of about 20 g’s. 

The base line side test showed that deformation associated with a 

lateral pole impact is highly localized at the impact point. Since this is 

inefficient in terms of energy absorption, an additional Objective of the 

design is to distribute the load to increase the participation of the structure 

away from the impact point, in particular, the nonimpact side and the heavy 

members in the vicinity of the engine. 

- 

- 
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The shaded members of Figure 6-5 comprise the basic structural 

concept utlllzed for the Mod. 3A vehicles. The exlstlng thin wall rectangular 

side rails have been replaced by I-beams of approximately the same weight 

for increased bending strength in the horizontal plane. The side rails are 

connected by two knee-shaped cross members aligned along the center lines 

- 

- 

of the front and rear passenger doors. The purpose of the knees LS to ob- 

taln the constant load behavior demonstrated by static component tests and 

to dlstrlbute load to the nonlmpact side. In this modlflcatlon, an I-beam 

between the “A” and “B” posts 1s Included to simulate the increased 

strength of a Mod. 3 type relnforctad do01 while avoldlng the fabrlcatlon 

dlfflcultles encountered In the Mod. 3 approach. Both the door beam and 

the side rail are rlgldly framed to a vertical bo\ beam which provides a 

substantially stronger “A” post to direct the Impact force to the heavy 

exlstlnq members In the vicinity of the engine. 

- 

- 

It has long been recognized that a roll ha1 1s a desirable structural 

addition to malntaln compartment integrity In rollovers. Also, In a side 

co111sion, a load path between the “B” posts serves to promote energy ab- 

sorption at the nonlmpact side. The arcuated roll bar of this modlflcatlon 

constitutes an attempt to perform both the above functions as well as ab- 

sorbing energy through bending during Impact. 

- 

- 

The structural sizes that are lndlcated In Ftgure 6-5 speclflcally 

apply to the Mod. 3A( 1) vehicle, which 1s further described In Sectlon 9. 

Mod. 3A(2) was partially constructed along with Mod. 3A(l), but incorporates 

minor changes that were deemed necessary based on the results of the 

Mod. 3A(l) test. These changes ale dlscussed In Sectlon 10. 
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7. MOD. 3 VEHICLE 

As dlscussed In Section 6, the obJeCtlVe of the Mod. 3 design 1s 

primarily to reduce lntruslon Into the passenger compartment In side lm- 

pacts by reinforcing the door and <adjacent supporting structure to produce 

uniform compartment deceleratloti of about 20 g’s, The general design 

philosophy IS discussed In Section 6. 1. In the present section, design 

details are given, results of a 20 MPH side impact with a rlgld pole are 

presented and the structural performance of the Mod. 3 vehicle 1s evaluated, 

- 

7.1 Design Details 

- 

Changing the flexural caparlty of the door by the addition of Internal 

beam structures Subjects adjacent rompunents to loads whLch ale obviously 

much higher than for an unmodified door in a 1ocallLed side impact. 

Consequently, many detalled changes were necessary to Insure an Integrated 

structural configuration. 

Figures 7-l and 7-2 show Ihe hat section door beams before and 

after lnstallatlon; the cross-sectl~~~nal propertles of a typical hat are given 

in Figure 7-3. Figures 7-4 and 7-5 illustrate vaxlous clip angles that were 

added, while Figure 7-6 shows a transverse strut between the “B” posts to 

dlstrlbute the load to the other sltie. The three hods visible In FLgure 7-7 

simulate the support to the “B” post that a modlfled xear door would provide 

and also permits camera coverage of the post In the test. Other details, 

which are not illustrated, involved addltlon of various gussets and straps to 

strengthen the evlstlng door structure. 
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A modified latching mechanism was Intended for use on the Mod. 3 

door for a posltrve connectron between the door and “B” post. However, 

the latch falled to engage successf 111~ In a dynamic component test per- 

formed prior to the full-scale crash test. The latch and component test 

are described In Appendrx A. As a result of the farlure, the Mod. 3 door 

latch was tack welded shut in an attempt to circumvent a similar farlure in 

the full-scale test, since the latching mechanrsm was considered to be a 

relatrvely manor part of the overall structural concept. A redesigned latch 

was shown to operate successfully In a subsequent component test, which 

1s also discussed rn Appendix A. 

7.2 Test Results 

The Mod. 3 vehicle was impacted into the CAL pole barrrer at a 

nominal speed of 20 MPH with impact intended for the center of the rrght 

front door. Actual impact velocity was determined to be approvrmately 

17.4 MPH and Impact occurred about 6 inches forward of the door center. 

The low Impact velocrty was caused by a defectrve fifth wheel which was 

used to measure the speed of the tow car. Other detarled test data and 

related lnformatlon are contained In Appendix C. 

Presented rn Figure 7-8 arc the srde and vertical acceleration com- 

ponents measured rn the passenger compartment under the drover ‘s seating 

position. Side acceleration is toward the pole. A maximum side component 

deceleration of 25 g’s occurred at 0 013 seconds. A sprke of 46 g’s (upward) 

IS shown for the vertical component at .091 seconds, but this IS not slgnlf- 

lcant because of the small duration. A more meaningful peak rn the vertical 

component was the 21 g’s (upward) whrch occurred at .015 seconds. 

Based on trip switch data (to. 5 MPH estimated accuracy). - 
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Accelerations from the passenger compartment sensors on the drive 

shaft hump showed oscillations similar to those of the driver’s seat sensors. 

However, these sensors are believed to be less accurate due to their loca- 

tion in the compartment and are not presented. 

Sldeward deceleration data from the driver’s seat location filtered 

at 50 Hz IS presented in Figure 7-9. The filtered curve shows a maximum 

of 20 g’s at .045 seconds which is a 4 g decrease from the unfiltered peak 

of 24 g’s at approximately the same time. A velocity hlstory obtained by 

lntegratlng the acceleration data 1s also shown. 

Mod. 3 contained a 2-l/4 inch 0. D. pipe brace between the “B” 

posts in the passenger compartment. This lateral brace ran through the 

top section of the back of the front seat and was instrumented with two 

strain gauges to measure compressive strain. These gauges showed a 

maxlmum strain of approximately . 017 Inches/Inch occurring at .040 

seconds, which corresponds to a maximum compressive force of 8850 

pounds. The resulting force versus time curve LS shown In Figure 7-10. 

Photographs of the Mod. 3 vehicle are shown In Figure 7-l 1, with a 

pretest photo of the Lmpact side shown ln Figure 7-11(a). The deformed 

profile can be seen In the top view shown In Figure 7- 1 l(b). 

Analysis of the high speed motion pictures of the crash produced 

the relative timing of several Lmportant events shown in Figure 7-8. Here, 

pole-to-frame contact occurred at . 034 seconds and complete vehicle slde- 

ward motion stopped at . 116 seconds. 

The plan view profile of Mod. 3 was measured In the same manner 

as the base line test. This proflle was superlmposed over the undamaged 

car and base line profiles in Figure 7-12 for direct comparison. Note that 

Mod. 3 sustalned 14 inches of permanent deformation compared with 24 

inches for the base line test. Mod. 3 also exhlblted less “pole wraparound” 

than the unmodlfled vehicle. 
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7.3 Evaluation of Performance 

- 

- 

- 

- 

- 

1 

In evaluating overall structural performance, it IS worthwhile to 

restate the two specLflc objectives of the modlflcatlon: (1) to llmrt lntruslon 

and (2) to spread the localized pole load by developing cable effects In the 

door beams. Figures 7-13( a and 7-13(b) are photographs of the modlfled ) 

door which was removed for InspectIon. The pole impact point was at the 

third point of the beam toward the “A” post. Thrs fact, coupled with an 

Impact velocity under target, resulted Ln an undertest of the design concept. 

As a result, the “B” post door latr hes did not operate as antlclpated. The 

loads were transferred through the tack welds that were added as a result 

of the component test failure (see Tectlnn 7. 1) and by bearing, but not by 

the locking action hoped for. -41~0, the load carried by the transverse strut 

was somewhat less than 9000 lbs, Ahe1 eas 15,000 lbs was expected. 

Accordingly, the design details were closely e\amlned for evidence of cable 

actlon. The plates connecting the rods that simulated the actlon of a modl- 

fled rear door (Figure 7-7) Indicated that slgnlflcant tensile loads were 

transmltted by each rod. The vertical seam added to provide the connec- 

tion to the front fender was also subjected to high tensile loads. Based on 

examination of the above and other details, It can be conclusively stated 

that the desired tenslon action was achieved. The difference In crush be- - c 
tween Mod. 3 and the base lrne vehicle (14 vs. 24 Inches) IS greater than 

that which could be attributed to the velocity difference (17.4 vs. 2 1. 5 MPH). 

Figure 7-14 IS a comparison of the initial portions of the acceleratlon- 

time curves for the base line and Mod. 3. It 1s obvrous that the modlflcations 

resulted in higher g’s very early in the colllslon. There 1s no conclusive 

explanation for the low or negative decelerations apparent In both curves. 

This means, of course, that considerable deformation IS not being used 

effectively. A tentative hypothesis 1s that the body is shifting relative to 

the frame. The fact that the strut load (Figure 7- 10) Increases monotonically 

to a peak without evidence of a dip supports this hypothesis. Also, the dips 

may be due to placement of the accelerometers on the floor which IS sublect 

to considerable dlstortlon and probably not lndicatlve of occupant loads. 
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Flgure 7-14 COMPARISON OF MOD. 3 AND BASE LINE 3 FILTERED DECELERATIONS 
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The two straps which were added to strengthen the bottom of the 

door followed the deformed contour. The clip angles at the “B” posts, 

Figure 7-4, showed no signs of overstress and could be reduced In size. 

The “A” post clip angle received substantial load and was certainly 

necessary. In examining the relatrve deformation of the three hat section 

door beams, Figure 7-13, It is apparent that the lower beam received less 

load than the upper two and could possibly be eliminated In a future test. 

The low impact speed of Mod. 3 resulted in an undertest of the de- 

sign concepts, yet examination of the details suggest that the desired 

loading paths were realized. For moderate weight increases (approximately 

20 lbs per door), the intrusron resistance can be improved without slgnlfi- 

cantly higher decelerations. Some other conclusions of the Mod. 3 test are: 

(1) In terms of time and effort, many detailed changes of the existing 

vehicle are as costly as a major modification, and (2) an lnvesttgatlon of 

the effect of accelerometer location on resulting data should be made. 
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a. D-2 DEVELOPMENTAL VEHICLE 

t 

- 

- 

-- 

- 

8. 1 ObJeCtlves 

The ObJeCtlVe of the development test, designated D-2, was to 

determrne If the Improved performance demonstrated by Mod. 3 could be 

achieved by the transverse strut and additional brackets only. A prrme 

reason for consrderlng such a modlflcation was that it could be constructed 

and tested without extensive design and fabrication effort. 

A secondary ObJeCtlve of the test was to use the full-scale crash 

test as an opportunity to improve and correlate techniques of data collec- 

tion and interpretation by employing multiple data sensors. For this test, 

load cells were available to instrument the impacted pole. Thus, accel- 

erometers mounted at different locations with each other and with 

accelerations computed from load cell data. The results of this comparl- 

son are given In Appendix B 

8.2 Test Results 

The D-2 vehrcle was impacted Into the CAL pole barrier at a speed 

of approximately 20.5 MPH’ at a point about 4 inches forward of the right 

door center line. Test conditions and related data are given in Appendix C. 

Based on trip switch data (20, 5 MPH estimated accuracy). 
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Acceleration data (unfiltered) from three different sensor locations 

in the vehicle are presented in Figure 8-l. Ttmes of significant events 

are marked along the abscissa and referenced to the vehicle sketch. Accel- 

erations from the sensor located under the drrver’s seat on the floorpan 

are shown at the top of the figure. Peak decelerations of approximately 

30 g’s were obtarned from this sensor. The sensor at the bottom of the 

“B” pillar was mounted on a reinforcing plate, 11-l/2 inches aft of the 

intended Impact center line. These data indicate a peak deceleration of 

approximately 2 0 g’s. The curve at the bottom of Frgure 8-l was obtalned 

from an accelerometer mounted directly on the left side frame srde rail 

on line with the Intended impact. Peak deceleration in this curve IS 

approximately 2 8 g’s 0 

Acceleration data from the remaining three on-board sensors were 

less slgnlflcant in this test and are not presented. The locatron of these 

sensors were at the top of the left side “B” pillar, in the passenger com- 

partment on the drive shaft tunnel and the fore-aft direction sensor under 

the driver’s seat. 

Flltered and unfiltered acceleration data (standard filter of 50 Hz 

cutoff and 100 H7 roll-off) from the driver’s seat posltlon are presented In 

Figure 8-2 along with associated velocrty and drsplacement curves. The 

latter two curves were obtained by integration of the acceleration data. 

The maximum dynamic displacement was approximately 26 Inches compared 

with the measured permanent deformation of 22 Inches. The permanent 

deformation, obtarned after the test, was measured from a line Joining the 

outer edges of the front and rear fenders to the point of maximum penetra- 

tion of the door. The filtered data rndrcates a maxrmum lateral acceleration 

of approximately 2 1 g’s at o 036 seconds. 
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Ftgure 8-3 1s a plot of frltered acceleration data versus computed 

displacement at the three different sensor locations. A maximum dynamic 

displacement of approximately 26 inches IS Indicated by integrating the 

driver’s seat acceleration data; whereas, data from the “B” post and frame 

indicate about 24 inches of peak displacement. This difference can be 

attributed to structural deformation between sensors and measurement 

error. 

Strain gauge measurements from the compartment Internal brace 

mounted between the “B” pillars are presented In Figure 8-4. The axial 

strains In the pipe were converted to loads by assuming a Young’s Modulus 

for steel of 30 x lo6 psi. A peak axial load of 4800 pounds occurred at 

approximately . 100 seconds. 

Time histories of forces In the impacted pole from top and bottom 

mounted load cells are shown In Figure 8-5. Loads from the two cells 

which were In line with the impact were added and are presented as the 

solld curve. A maximum load of 38,000 pounds IS lndlcated at approxl- 

mately .052 seconds. The dashed curve 1s the sum of the two north side 

load cells which peaked at 11, 500 pounds. Both south side cells produced 

comparatively small loads during the Impact and are not presented. 

For comparison purposes, a post-crash proflle of the D-2 vehicle 

1s presented In Figure 8-6 along with an undamaged car shape. A total 

permanent deformation of 22 inches can be noted from the scaled drawing, 

along with bendlng of the total vehicle. 

Photographs of the D-2 test vehicle are shown In Figure 8-7. The 

interior pole brace between the “B” pillars can be seen In Figure 8-7(a) 

along with some of the on-board instrumentation. Figures 8-7(b) and 8-7(d) 

show the amount of damage sustained from the impact and the slight bowing 

of the left side “B” pillar IS noticeable in Figure 8-7(c). 
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8.3 Evaluation of Performance 

- 

- 

- 

- 

- 

In evaluatrng overall performance in side collisions, both penetra- 

tion and the magnitude of the compartment decelerations must be considered. 

Ftgure 8-8 shows the deformation caused by pole impact for all three side 

collisions that have been conducted. It is apparent that the deformation 

pattern of the D-Z is closer to that of the base line vehicle than to that of 

Mod. 3, which consisted of a modlfred door and supports in addition to the 

transverse strut. The observed deformation pattern correlates with dis- 

placements obtained by double integration of the various accelerometers 

and also with behavior of the frame as observed by a pit camera during the 

collision. 

Comparison of the accelerometer data also supports the above noted 

general trends. Figure 8-9 compares, for three side tests, the time 

histories of accelerometers placed under the driver’s seat (on the floorpan) 

in line wrth the impact. The peak at 14 msecs for the Mod. 3 vehicle is 

attributable to the modified door; such a peak is not present for the D-2 

vehicle. If a general characterization of the curves of Figure 8-9 1s 

possible, D-2 is closer to the base line vehicle than to the Mod. 3, which 

had the modified door and supports. Measurements of the axial forces in 

the transverse strut between the B-posts also confirm the conclusions 

drawn from examination of the acceleration data and the deformatron 

patterns. Figure 8-10 shows the time history of axial forces in the trans- 

verse struts of each modification. The difference in rise times can be 

seen and also the fact that the peak force of the Mod. 3 vehicle IS approxl- 

mately twice that of the strut of D-2. This occurs in spite of a difference 

in impact velocities which would tend to make the D-2 force larger (17.4 

MPH vs. 20.5 MPH). 

- 
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Acceleration data, deformation patterns and force measurements 

all lead to the conclusron that D-Z behaves in a manner very similar to that 

of the base line vehrcle. This conclusion implies that the Improved struc- 

tural performance demonstrated by the Mod. 3 cannot be achieved by the 

sole addition of a transverse strut between the “B” posts and reinforcement 

of the posts. Hence, the door beam structure Included In the Mod. 3 desrgn 

but omitted in the D-2 IS lndlcated to be an Integral part of the compartment 

reinforcing concept. Conclusions regarding correlation and znterpretatron 

of accelerometer data are contalned In Appendix B. 

- 

- 

- 
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9. MOD. 3A(l) VEHICLE 

The Mod. 3A series consists of two vehicles designated as 3A(l) 

and 3A(2). Both vehicles were constructed essentially at the same time, 

but moderate changes were possrble in the second vehicle (Mod. 3A(2) ) 

depending on the test results of the first vehicle. 

The primary oblectlve of the Mod. 3A, as discussed in Section 6, IS 

to improve load distrlbutron and energy absorption capability in side impacts 

by modifying a perimeter frame structure. The general design philosophy 

is discussed in Sectlon 6.2. Here design details are given, results of a 

20 MPH side Impact with a rigid pole are presented and the structural per- 

formance of the Mod. 3A(l) is evaluated. 

9.1 Design Details 

In the developmental side test (D-2), the impact pole was instru- 

mented to obtain the time variation of the pole force on the vehicle. The 

maximum load was somewhat less than 45 kips. Since this was shown to 

generally agree with the accelerometer data, it was accepted as the peak 

load on the vehicle. As a preliminary step in determlrnng the loading con- 

dition for the various frame members, the distribution of the total load 

along the vertical face of the vehicle shown in Figure 9-l was assumed. It 

was further assumed that the division of the load between the impacted side 

and the nonimpacted side of the vehicle was in the ratio of 2 to 1. These 

assumptions enabled the apportionment of the total load to the various 

structural members. Conventional techniques were then used to select the 

member sizes and their connections. 
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Referring to Figure 6-5, which illustrates the structural concept 

and indicates cross-sectional sizes of the added components, the frame 

side rails and energy-absorbing knee-shaped cross members are shown to 

be fabricated from 315. 7 (I-beam) structural steel. “B” posts were also 

reinforced using 315. 7 beams. A 4 Y 4 x 3/ 16 box beam was built into the 

impact side “A” post to carry load applied to the door into the main frame. 

The effect of including a practicable reinforced door was simulated by 

adding a beam between the stiffened “A” and “B” posts through the conven- 

tional door. Arcuated lateral struts fabricated from l-5/8” 0. D. pipe 

connect the stiffened “B” posts at roof level. These struts are intended to 

serve the dual purpose of absorbing energy in side impacts and providing 

additional rollover protection. 

Photographs of the forward and rear knee-shaped struts between 

the frame side rails are shown in Figure 9-2. Figure 9-3 shows the rede- 

signed torque box section and the frame connected “A” post reinforcing 

structure. The overall modified frame is shown in Figure 9-4. 

This problem was addressed by the Mod. 3 design concept discussed in 
Section 6. 1. 
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A number of compromises were necessary In the design to expedite 

actual constructron of the vehicle. Ftgure 6-5 shows that the outer perrph- 

ery of the vehrcle IS 7-l/2 inches outboard of the vehicle frame. Ideally, 

It would be desirable to engage the heavier frame member at the earliest 

possible instant In the Impact, 1. e. , the frame side rails should be at the 

outer periphery of the vehicle. Since the body has been designed to mate 

with the exlstrng frame dimensions, a considerable effort would be required 

to rework the body structure If the frame width were Increased, thus, it was 

decided to observe test results of the simpler modlfrcatron before consrder- 

rng more extensive changes. Also, due to the interference of the drove 

shaft both the forward and rear knees between the side rails were sloped 

downward. SLnce this introduced weak axes bendrng and torsional moments 

in the knee, straps were added to tie the knees to the floorpan of the body. 

9.2 Test Results 

The Mod. 3A( 1) vehicle was impacted laterally into the CAL pole 

barrrer at a speed of approximately 2 1. 7 MPH. Contact with the pole 

occurred at about 4 inches forward of the center of the right front door. 

Additional test data and related lnformatron are contained In Appendix C. 

Acceleratron data from three different sensor locations in the vehicle 

are presented in FLgure 9-5. These data were taken directly from osclllo- 

graph traces which contarned some fllterrng due to the frequency response 

characterlstlcs of the galvanometers. The actual cutoff frequency corre- 

sponding to each trace 1s noted In the figure. A cceleratrons from the 

“standard” sensor located under tiie drrvel ‘s seat on the floor pan are 

shown at the top of the figure. 

Based on trip switch data (t 0. 5 MPH estimated accuracy). - 
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Times of significant events obtained from film analysis are marked 

along the abscissa in Ftgure 9-5 and are related to various points on the 

vehicle through the sketch at the top. Passenger compartment motion 

toward the impact pole was noted to stop at approximately . 109 second. 

L 

Acceleration data from the remaining four on-board sensors were 

less significant In this test and are not presented. The locations of these 

sensors were on top of the engine block, on the right side rail near the aft 

torque box, on the left side rail near the “B” post and on the rear frame. 

Flltered and unfiltered acceleration data from the driver’s seat 

position are presented in Figure 9-6 along with associated velocity and 

displacement curves. A 50 Hz cutoff and 100 roll-off frequency low pass 

filter was used. The velocity and displacement curves were obtalned by 

integration of the acceleration trace. A maximum flltered deceleration 

of 42 g’s was obtained at approximately .036 seconds. Also, the maxlmum 

dynamic displacement of the sensor under the driver’s seat was computed 

to be approximately 23 inches compared to a measured permanent deforma- 

tion of 19 Inches. A graph of filtered acceleration of the driver’s seat 

versus computed displacement is shown in Figure 9-7. 

TLme hlstorles of forces in the Impacted pole from top and bottom 

mounted load cells (In line with the impact) are presented In Figure 9-8. 

A peak total load of approximately 102, 000 lbs occurred at .028 second. 

Lateral loads on the pole were small In comparison to the normal loads 

and are not presented. The peak lateral force was approximately 4800 lbs 

applied to the right side of the pole (south side of barrier) at . 105 seconds. 

66 YB-2684-V-3 

- 

I 

- 



- 

- 

- 

- 

1’!!l#! ! I ,i!ii I: ,I’ 
-_ +-.- 

I I I I 

- 

67 YB-2684-V-3 



40- 

30 - 

.w 

7 

5 
5 20- 
K 
w 
d 
W 

Y 
n 

10 - 

FILTERED DATA 

50 H2, 100 H2, ROLL-OFF FREQUENCY 

O,, / I I 1 
0 8 12 24 

DISPLACEMENT- tNCH 

Figure 9-7 MOD. 3A(l): DRIVER’S SEAT ACCELERATION VS. DISPLACEMENT 

68 YB-2684-V-3 



- 

- 

- 

- 

- 

‘SW 0001 - awol 310d 

69 YB-2684-V-3 



The deformed proflle of the impacted test vehicle is shown in 

Figure 9-9 along with a profile of an undeformed vehicle. The maximum 

permanent deformation of 19 inches was measured from a line connecting 

the front and rear fenders. Also evident 1s the slight bending of the total 

vehicle. 

Photographs of the Mod. 3A( 1) vehicle are presented In Frgure 9- 10. 

Figure 9-10(a) shows the car before the crash test and the remaining three 

photos indicate the degree of deformation obtained from the 22 MPH Impact. 

An interior view of the impacted door and its relnforclng structure IS shown 

in Ftgure 9-10(d). 

9.3 Evaluation of Performance 

Frgure 9-11 presents a comparison of the Mod. 3A( 1) and base line 

vehicle profiles D Permanent deformation, peak g’s and Impact velocity are 

compared wrth base line results below. 

Permanent 
Vehicle Speed (MPH) Deformation (in. ) Peak g’s 

Base Lrne 3 21.5 24 20 

Mod. 3A(l) 21.7 19 42 

At driver’s posltlon (50 Hz cutoff filter). 

Since the impact velocities for the Mod. 3A( 1) and base line tests are very 

close, a straightforward comparison of performance can be made. The 

structural modification reduced defoxmatlon by about 5 inches; however, 

the twofold Increase in peak g’s dlmlrnshes the attractiveness of the reduced 

Intrusion. It IS apparent that deformation is not being utilized effectively, 

1. e., in a uniform manner. Figure 9-8 shows that no significant loads were 

developed during the first 20 msecs of the collision, which corresponds to 

about 8 inches of deformation. This fact IS supported by the low level of 
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deceleration at the driver’s posltlon during the first 10 inches of deforma- 

tlon as indicated in Figure 9-7. This behavior 1s largely a result of the 

protrusion of the body shell outslde the frame perimeter, as was noted in 

the design discussion of Section 9. 1. The abrupt bottoming against the 

stiffened frame side rails of the Mod. 3A(l) accounts for the high level of 

compartment deceleration, as compared with the response of the base line 

vehicle. Compartment damage for the modified and unmodified vehicles 1s 

compared in Figure 9-12. 

The structural changes rn the D-2 developmental vehicle were of 

such a minor nature that the response was very similar to that of the base 

line vehicle 0 It 1s convenient to compare results of the present modlflcatlon 

with D-2 as a base line because it contained more instrumentation and pole 

loads were measured. Figure 9- 13 is a comparison of the pole loads for 

the present modification and D-2 (designated as the base line vehicle). As 

previously indicated, the initial 20 msecs of data reflects contact with the 

weak outer door panel and IS the same for both vehicles. The large spike 

in the pole load for the modified structure coincides approximately with 

contact of the pole with the 4 inch I-beam through the door and the 3 inch 

I-beam side rail. Such contact, however, does not adequately explain the 

cause of the very large forces since the combined theoretical collapse load 

of these members is 45 klps, based on static loads and previous test data. 

The period from 50 msecs to approximately 90 msecs shows an oscillation 

about a constant load of 36 krps. From the underslde camera, this period 

is when collapse of the knee struts Jornrng the side rails occurs. Compari- 

son of 25 Hz filtered data from accelerometers placed on the frame away 

from the impact side, Frgure 9-14, lndicdtes the same relative behavror. 

The modlfrcatlon behaves lrntlally as the base line vehicle, following a large 

spike at 25 msecs there 1s a constant deceleration thereafter. 
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Post-crash examination and high speed camera data were studied to 

determine to what extent the design objectives were realized. Figure 9-15 

1s a photo showing the forward and rear knee struts Joining the side rails. 

It is evident from the photograph and also from the under side movie that 

both struts behaved generally as intended. The rear knee participated in 

absorbing energy although rt is removed from the impact point. Deforma- 

tion of the rear knee can be seen in the photo. Figures 9-17(a) and 9-17(b) 

are close-in photographs of the impact and nonimpact side of the forward 

strut. Figure 9-17(a) shows the plastic hrnge formed in the side rail at 

the impact point and also the twisting effect rn the strut caused by the 

necessity to dip under the drive shaft. FLgure 9-17(b) 1s a photograph of 

the portron of the strut away from the impact showing the broken straps 

which tied the strut to the floorpan. The deformation of the side rail away 

from the Impact IS also visible. Comparison of the deformation pattern of 

the knees with that observed in the static test (Fzgure 9-16) tends to indicate 

that the desired constant load response of the knee struts occurred. 

Figure 9-18 1s a post-crash photo of the split roll bar, which failed 

to yield or to absorb energy during the impact. This behavior IS attributed 

to excessive twisting of the I-beam used for the “B” post (see Figure 9-10 

(d) 1. This implies that either the I-beam IS too weak in torsion or the roll 

bar structure is too stiff. Although the roll bar did not operate as planned, 

it was only a proportionally small feature of the whole, the frame modifrca- 

tron being the salient feature. 
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In the very limited space available in side impacts with fixed objects, 

failure to develop significant crush resistance as early as possible is con- 

cluded to be a serious design defect. Possible solutions would be to extend 

the width of the frame side rails to the outer periphery of the vehicle or to 

substantially reinforce the body shell, particularly the outer door sheet 

metal . The first approach (extending the frame side rails) is believed to 

be the more reasonable of the two. The design of the Mod. 3A sister 

vehicle, Mod. 3A(2), will incorporate changes based on these results in an 

attempt to improve structural performance, particularly deceleration 

uniformity. For example, the design will be changed to prevent twisting of 

the “B” post. Major changes cannot be made, however, since the Mod. 3A(2) 

vehicle was partially fabricated along with the Mod. 3A( 1). 
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In this section, detailed changes in the Mod. 3A structural concept 

whichare incorporated into the design of the Mod. 3A(2) are described, 

test results are presented and the structural performance of the Mod. 3A(2) 

is discussed. The general design philosophy for the Mod. 3A frame modi- 

fication concept is presented in Section 6. In particular, it may be helpful 

to refer to Figure 6-5, which illustrates the structural modifications. 

10. 1 Design Changes Based on Mod. 3-4(l) Results 

As previously stated, Mod. 3A(l) and 3A(2) are substantially the 

same structural concept. Completion of the latter vehicle was purposely 

delayed to permit minor changes based on the results of the Mod. 3A(l) 

test. Since the design Objectives, loads and most of the features are the 

same for both vehicles, the present description will concentrate on the 

differences between the vehicles. 

. The 315. 7 “B” post which was obviously weak in 

torsion has been replaced by a 3 x 3 x 3/16 tube. 

. In order to develop high forces early in the 

c0111s10rl, wood blocking (Figure 10-l) was fitted 

between the I-beam and the outer door panel at 

the point of impact. This configuration is not 

intended to represent a realistic door design, 

but only to demonstrate the effect of stiffening 

the outer periphery of the vehicle. 

Extending the frame side rails outward to increase effective deformation 
would have required a substantial amount of redesign and fabrication 
effort. 
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. The connectron between the I-beam through the 

door and the “23” post was strengthened by add- 

ing a plate (see Figure 10-Z). In the prevrous 

test, excessive rotation occurred at the point 

rndtcated in the figure. The free connection IS 

intended to simulate a posrtrve latchrng mech- 

anrsm for transmitting high loads. 

. Lrght clip angles were added to the connectron 

where the splrt roll bar JoIns the top of the “B” 

post to reduce sldesway of the roll bar that was 

observed In the Mod. 3A(l) test from an on- 

board hrgh speed camera. 

10.2 Test Results 

The Mod. 3A(2) vehrcle was impacted laterally into the CAL pole 

barrrer at a speed of appro\rmately 20. 5 MPH. Contact with the pole 

occurred very close to the center of the rrght front door. Pertinent test 

data and related rnformatron are contarned In Appendrx C. 

Acceleration data from three drfferent sensor locatrons in the 

vehrcle are presented In Figure 10-3. These data were taken directly 

from osclllograph recordings which contained some filtering due to the 

frequency response characterlstrcs of the galvanometers. The actual cut- 

off frequency assocrated wrth each trace 1s noted In the figure. Accelerations 

from the sensor posrtlon under the driver’s seat on the floorpan are shown 

at the top of the figure. Trmes of slgnlfrcant events as determlned through 

film analysts are marked along the abscissa in Frgure 10-3 and are related 

to various points on the vehrcle through the sketch at the top. Passenger 

compartment matron toward the impact pole was noted to stop at approxl- 

mately . 097 seconds. Acceleration data from the remalntng three on-board 

sensors were less slgnrflcant In this test and are not presented. 

Based on trip swatch data (t 0. 5 MPH estrmated accuracy). - 
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Filtered and unfiltered acceleratron data from the driver’s seat 

position are presented in Frgure 10-4 along with associated velocity and 

displacement curves. A 50 Hz cutoff and 100 Hz roll-off frequency digital 

filter was used to process the data. The velocity and drsplacement curves 

were obtained by integration of the acceleration trace. A maximum filtered 

deceleration of 29.5 g’s IS indicated at approximately .028 seconds. 

The calibration factor used rn the conversion of the raw oscillograph 

data to the acceleration data (driver’s seat sensor) possibly contained some 

error. This is indicated by the resulting vehicle velocity obtained by inte- 

grating the acceleration data over the collision time interval. The 

calculated residual vehicle velocity or rebound velocity, in this case, was 

9.9 MPH, which is high compared to the rebound velocity of 3. 0 MPH mea- 

sured from the photographic data. Also, the calculated vehicle stopprng 

time of 0 063 seconds appears early compared to previous tests and the 

photographrc time of 0 097 seconds. For these reasons, the unfiltered 

acceleration curve (Figure 10-4) should be shifted downward about 2 or 

3 g’s to show agreement with the p?oto data. A graph of filtered accelera- 

tion of the driver’s seat versus computed displacement is shown in 

Figure 10-5. This plot exhibits low values of displacement which further 

indicates that the deceleration sho$ln may be somewhat high. 

Time historres of forces in the impacted pole from top and bottom 

mounted load cells (in line with the impact) are presented in Figure 10-6. 

A peak total load of approximately 82,000 lbs occurred at ,031 seconds. 

Lateral loads on the pole were small in comparison to the normal loads 

and are not presented. 

The deformed profile of the impacted test vehicle is shown in 

Figure 10-7 along with a profile of an undamaged vehicle. The total 

permanent deformation of 15 inches can be noted in the door when mea- 

sured from a line connecting the front and rear fenders. Also evident is 

the slight bending of the total vehicle. - 
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Figure 10-4 MOD. 3A(2) TEST: DRIVER’S SEAT ACCELEROMETER DATA 
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Figure 1 O-5 MOD. 3A(2): DRIVER’S SEAT ACCELERATION VS DISPLACEMENT 
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Photographs of the Mod. 3A(2) vehicle are presented in Figure 10-8. 

Figure 10-8(a) shows the car before the test and the remaining three photos 

indicate the degree of deformation resulting from the impact. Note in 

Figure 10-8(c) that the pole penetrated inward only as far as the roof line. 

10.3 Evaluation of Performance 

Figure 10-9 compares the localized deformation profile of the 

Mod. 3A(2) with the base line and Mod. 3A(l) profiles. It is apparent that 

compartment intrusion has been reduced by the Mod. 3A(2). Permanent 

deformation, peak g’s and impact velocity for these three vehicles are 

compared below. 

Vehicle 

Base Line 3 

Permanent 
Speed (MPH) Deformation (in. ) Peak g’s 

21.5 24 20 

Mod. 3A( 1) 21.7 19 42 

Mod. 3A(2) 20.5 15 30 

At driver’s position (50 Hz cutoff filter). 

Since both deformation and peak g’s of Mod. 3A(2) have been reduced from 

the Mod. 3A(l) performance, an improvement in structural design has been 

achieved; the small velocity difference is not likely to have affected gross 

performance significantly. A substantial reduction in compartment intru- 

sion has been demonstrated when compared with the base line vehicle 

collapse; however, peak g’s are still higher, but not to the drastic extent 

of the Mod. 3A(l). An improvement in passenger compartment deceleration 

uniformity has certainly been made, as Figure 10-4 shows. The nominal 

20g response between 10 and 55 milliseconds is particularly impressive. 
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The lnltlal period of small resistance and deceleration which char- 

acterlzed the 3A(l) performance and which contributed to Increased 

penetration has been slgnlflcantly 1 educed. All three acceleration hlstorles 

of Figure 10-3 show Initial rise tlrnes In the vlclnlty of . 015 second as com- 

pared to rise times from e 020 to .035 second for the Mod. 3A(l). The 

event times of Figure 10-3 suggest that the first deceleration peak 1s due 

to the action of the upper door structure which has been brought Into play 

early In the colllslon by the addltlon of the wood blocklng, the second peak, 

from .020 to .035 second, occurs clurlng action of the main frame. The 

load cell data, Ftgure 10-6, also exhlblt the dual peak phenomenon. To 

achieve a more constant deceleration response, the above results indicate 

that the frame structure should be weakel and should also be contacted 

earlier 0 

Figure lo-10 IS a comparison of measured pole forces where, as in 

the previous test, the developmental test (D-2) IS treated as a base line. 

The effect of the increased stiffness of the iCfod. 3A(2) IS seen zn the shorter 

rise time and Increased load. Comparison of filtered passenger compart- 

ment acceleration data, Figure lO- 11, lndlcates the same relative behavior. 

As for Mod. 3A(l), the photographs of the deformed frame, Figure 

10-12, present evidence of effectL\e drstllbutlon of the loads to the non- 

impact side of the frame and substantial energy absorption by the knee- 

shaped frame cross members. Figure lo-13 shows the hinge formed at the 

center of the square tube serving as the “B” post. The Interior photo, 

Figure 10-13(B), also shows the arcuated roll bar which again failed to 

yield or absorb energy. However, post-colllslon examlnatlon of the roll 

bar structure and analysis of high speed movies from an on-board camera 

(which showed 1 inch maximum separation at center) reveal that yleldlng 

was incipient. The roll bar IS, therefore, too strong for effective energy 

- Pole forces were not measured for Base Line 3. 
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Figure lo-10 SIDE IMPACT: COMPARISON OF POLE FORCES 
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absorption in 20 MPH side impacts. Weakening could be accomplished 

either by a reduced cross section or a sharper center line curvature. In 

its present configuration, the roll bar may be more effective in higher 

velocity side impacts where the roof structure is directly contacted by the 

impacted obstacle. 

In conclusion, the changes that were made to the Mod. 3A(2) vehicle 

are improvements over Mod. 3A( 1) since both peak deceleration and pole 

penetration were simultaneously reduced from those of Mod. 3A( 1). To 

achieve the desired 20g constant deceleration behavior in 20 MPH side 

impacts, further changes in the same direction are needed. Specifically, 

the roll bar and the main frame structure should be weakened. Also, the 

frame design should promote involvement earlier in the collision. 

Observation of the impact response of the various structural assem- 

blies that make up Mod. 3A(2) strongly suggests that the 20 MPH pole 

impact is an undertest of the concept. By “undertest” 1s meant that the 

modified vehicle would demonstrate a clearer improvement over the base 

line vehicle in comparative tests at higher impact velocities. 
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11. DISCUSSION OF RESULTS 

The side Impact study focused on two general structural conflgura- 

tions -- (1) a door reinforcement and supportlng structure modlflcatlon 

(Mod. 3) and (2) a frame modlficatlon concept (Mod. 3A). Results from 

tests of these structural concepts are summarized In Table 1 l- 1, along 

with corresponding results from the base line (unmodified vehicle) test and 

the developmental vehicle (D-2) test. The latter vehicle incorporated only 

minor structural changes which were Intended to aid In evaluating the per- 

formance of the Mod. 3 and, as IS apparent from a comparison of the data, 

behaved In a manner very similar to that of the base line vehicle. 

Since some scatter In the Impact velocity IS present, maximum per- 

manent deformation IS predicted for exact 20 MPH side Impacts based on 

the assumption that deformation 1s directly proportional to lnltial kinetic 

energy, or In terms of a ratlo: 

where 

Ap = VP 
2 

dA (' :i Y4 I 

- 

actual deformation (in. ) 

d p = predicted deformation (In.) 

v~ = actual Impact velocity (MPH) 

$ = 20 MPH. 

- 

This relatlonshlp IS believed to be reasonable for the small velocity dlffer- 

ences involved here. Predlcted deformations for equivalent 20 MPH Impacts 
- 

Mod. 3A Included a simulated relnforced door and integrated roll bar 
structure. 
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are included in Table 11-l and serve to facrirtate correlation of data. Some 

variation In the point of Impact also occurred, however, all Impacts were 

within SIX inches of the door center, 

Along with reducing compartment rntruslon (Interror deformation 

resulting from exterior collapse), an additional obJectrve IS to limit peak 

g’s. Since a uniform (“square”) deceleration waveform automatically mm- 

lmrzes drsplacement (deformatron) for a given g-llmlt, It 1s thought to be a 

desirable desrgn goal -- at least from a structural performance standpoint. 

Twenty g’s 1s wlthln the lrmlt of human tolerance but corresponds to only 

eight inches of deceleration distance for a velocrty change from 20 MPH to 

a stop, hence, a 20g uniform deceleratron response was used as a design 

goal 0 Comparative evaluation of structural performance can then be made 

on the basrs of relative devlatlon from an ideal 20g square wave. Figure 

ll- 1 compares the Mod. 3, Mod. 3A(2) and base line compartment deceler- 

atron responses (of the floorpan below the driver’s posrtron) wrth the 

Idealized waveform. Data from Mod. 3A(l) IS not shown here srnce it 

exhlbrted lnferror performance (see Figure 9-4), Mod. 3A(2) IS consrdered 

to be more representative of the performance that can be expected from a 

frame modlficatlon concept. 

Comparing the performance of the Mod. 3 wrth the base lrne (refer 

to Table 11-l and Figure ll- l), It 1s seen that the door beam structure and 

related modlflcatrons (Including a transverse strut between the “B” posts) 

reduced pole penetration by approkrmately two Inches, based on predrcted 

deformatrons at 20 MPH. The lack of substantial Improvement In effective 

deceleration magnrtude and unrformlty, except for the higher lnltral 

response, further rllustrates the relatively minor improvement In gross 

structural performance that was achleted by the Mod. 3 conflguratron for 

a 20 MPH Lmpact. The close srmllarrty In behavior of the developmental 

vehicle (D-2), which contained only a transverse strut between the “B” 

posts, and the base line vehicle demonstrates that the door beam was an 

integral part of the Mod. 3 structural design. 
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It is thus concluded that more substantial modifications (e. g., 

frame alterations) are essential to produce more signrficant improvement 

in structural performance. However, a reinforced door has been shown to 

be important for increasing initial deceleration effectiveness in side impacts 

that occur at a door location. 

The Mod. 3A structural design provided for extensive frame modi- 

fications and the effect of a reinforced door. In assessing the performance 

of this concept, as characterized bv the Mod. 3A(2) vehicle, it is instructive 

to compare deformation with that of the base line (see Table 11-l). Note 

that maximum deformation has been reduced by approximately 6-l/2 inches, 

or about 30’70, based on 20 MPH predictions. The reduction to about 14.3 

inches is more impressive when considering that 8 inches of deformation 

is required even under “ideal” conditions (20 g square wave). Comparing 

the deceleration response with the idealized wavefoxm and with the base 

line response in Figure 11-1, it is apparent that a significant improvement 

in deceleratron uniformity has been achreved; the Mod. 3A(2) response is 

much closer to the idealized design response than the base line. The in- 

creased deceleration effectiveness is, of course, consistent with the 

substantial reduction in deformation. 

It is thus clear that the structural performance of the Mod, 3A(2) 

configuratron represents a marked rmpxovement over the base line per- 

formance since deformation has been substantially reduced and the 

deceleration waveform is much more uniform and closer to a 20g mean 

value. Furthermore, for higher velocity impacts, the present configura- 

tion would likely show more dramatic improvement over an unmodified 

vehicle. However, additional improvement is believed to be possible 

through further frame modification, in particular, engagement with the main 

frame side rail should take place earlier and the peak g-level should be 

diminished somewhat by reducing the stiffness of the modified frame 

structure. A more effective roll bar design would also be helpful. A more 

practicable reinforced door, e.g., the Mod. 3 type design, should also be 

integrated into a further improved frame modification concept. 
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This study amply demonstrates that improvement in structural 

crashworthiness in side collisions with fixed objects is feasrble. The 

Inherent lack of occupant protection in this kind of collision 1s well known, 

and has been further substantiated by a 20 MPH test with an unmodified 

vehicle. However, based on the results presented hereln, it has become 

increasingly clear that a significant increase in side impact protection will 

require extensrve structural modification of present automobiles. 
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APPENDIX A: LATCH MECHANISM TEST 

A-l General 

The limited space available in side collusions must be used as 

effectively as possible. One method of doing this IS developing resistance 

of a beam by cable action after exhausting the capacity of the beam in 

bending. As outlined in the design ObJectives for Mod. 3, cable type action 

depends on the longitudinal restraint of the supports. Srnce the door must 

open, it is not possible to build in the longitudinal restraint beforehand. 

The following describes two exploratory drop tests to develop a latch 

mechanism that would come into play in a collision and provide the desired 

lateral restraint. 

Chronologically, the first drop test, which failed, preceded the 

full-scale test of the Mod. 3 vehicle. To avoid delaying the Mod. 3 test, 

the latch device was tack welded in the locked position on the test vehicle. 

This permitted an evaluatron of the test results under the assumption that 

the latching mechanism could be made to work. Following the full-scale 

test the second drop test was successfully conducted. However, the latch- 

ing mechanism has not been tested in a vehicle impact. 

A-2 Theory 

E\perlmental and theoretical studies, Reference 4, of small [ 1” x 

l/2”] beams indicate that when deformations are approximately equal to the 

beam depth, a substantial increase in capacity can be obtained by restrain- 

ing the supports against longitudinal motion. If the supports are prevented 

from moving longitudinally, axial tension forces develop in the beam which 

acts as a cable as the deflection becomes large. The slope, or the effective 

spring rate, k 
e’ 

of the beam after it has yielded in tension is (Reference 4): 
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ke = 4 TA 
L 

where T is the tensile yield and A and L are the center deflection and 

span, respectively. For the properties of one of the hat sections and 

assuming a tensile yield of 45 ksi, 

k 
e = 3.3 K/in. 

Using the above spring rate, a one foot deflection for each of the three hat 

beams is sufficient to absorb the kinetic energy of a 4000 pound vehicle at 

22 MPH. In reality, however, the spring rate will be lower, because com- 

plete longitudinal rigidity of the beam supports (1. e., the “A” and “B” posts) 

is not possible. 

A-3 Door Impact Tests 

A-3. 1 Test No. 1 

The oblective of the door drop test was to observe the latch- 

ing mechanism under impact conditions. Ftgure A-l(a) shows the door in 

the guillotine drop mechanism. Figure A-l(b) shows the door after the test. 

The latching mechanism, which failed to engage, is shown in the foreground 

of Figure A-l(b). FLgure A-l(c) shows another view. To better approximate 

actual conditions, the latching mechanism was mounted on an actual “B” post 

taken from a previously tested vehicle. 

The test consisted of dropping a 450 lb weight from a height of 17 ft, 

furnishing an impact velocity of 22.5 MPH. The weight had a semicircular 

end to approximate the conditions of a full-scale pole impact. Based on a 

calculated stiffness of 3.3 K/in. for the hat section (if latching occurs), the 

drop weight was selected to deflect the hat section approximately 7.5 inches. 

This deflection provides an adequate test of the mechanism for collisions. 
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Figure A-2 IS a srmpllfled sketch of the tested Impact actuated 

locking mechanism. Note that the device does not Interfere with normal 

door operation. The translatron and rotation of the door mounted portion 

of the mechanism were antlczpated; however, uncertainty about the relative 

magnitude and particularly the sequence of the motions suggested the need 

for the test. Examination of the high speed motion pictures of the test 

showed that the rotation occurred first and was large enough to prevent 

locking by translation. 

A-3.2 Test No. 2 

As shown in Figure A-3, the latch was modified by the addl- 

tion of a backing plate to prevent lnltlal rotation and by enlarging the dovetall 

engaging slots; otherwise, the test condltrons were the same as Test No, 1. 

Figure A-4(a) shows the door mounted In the drop test facility, the backing 

plate can be seen in the foreground. 

The condltlon of the door following Impact can be seen in Figure 

A-4(b) The latch engaged successfully, as revealed by high speed film of 

the impact and obvrous deformation of the “A” and “B” post supports which 

was caused by the cabling effect of the beam. The cabling effect was some- 

what dimmlshed, however, by a hrnge formed at the connectron between the 

hat section and latch which caused the latch to rotate while engaged. The 

magnitude of the rotation IS apparent in Figure A-4(b). As a result of the 

reduced cabling effect, the deflection of the hat section was larger than 

antrcipated and was crushed agarnst the foundation of the supporting fixtures. 
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B POST 

Figure A-2 LATCHING DEVICE TEST NO. 1 
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B POST 

Ftgure A-3 LATCHlNC DEVICE TEST NO. 2 

A-6 YB-2684-V-3 





The dynamic load-deflection characteristic of the door, as developed 

from acceleration data from the impact head, IS contained in Figure A-5. 

The curve reflects the “two-stage ” behavior of the hat section beam, the 

first portion of the curve resulting from beam bending only (before latch 

engagement) and the second portion due to cabling action. The dashed lrne 

on the curve shows the calculated spring rate (for cable effects) of 3.3 K/In. 

Although the theoretical value was not realized, it is apparent that cable 

action due to lateral restraint did occur. The events noted In the figure 

were determined from high speed film analysis. 

A-4 Concluding Remarks 

Both theory and the results of the second drop test show that the 

“second effort” cable effect does contrlbute to energy absorption and reduced 

penetration. The latching mechanism tested represents one method for 

achlevlng the cablrng action; other conceptual devices should also be con- 

sidered since acceptable deformation will continue to be at a premium in 

side collisions. 

Sliding doors, overhead doors and rear entry have often been pro- 

posed for safety cars as well as futurlstlc “Ldea” cars. For such radical 

departures from exlstlng practice, it should be relatively simple to build 

in the potential cable behavior. 
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APPENDIX B: EVALUATION OF MULTIPLE 
DATA SENSORS 

B- 1 General 

As previously indicated in the test ObJeCtlVeS, a secondary objective 

of the D-2 test was to improve and correlate methods of data collection and 

Interpretation. In additron to pole load cells, six accelerometers at various 

vehicle locations were mounted to record data in the directron of impact. 

From preliminary examrnatlon of all SIX channels, three were selected for 

further processing. These were: 

. floorpan - - under driver’s seat, 

. frame -- on the side opposite impact, 

. bottom of B-post -- opposite impact. 

These accelerometers are Nos. 2, 5 and 3, respectively, as shown on the 

sketch of the D-2 test data summary contained in Appendix C. It is doubtful 

that including all six accelerometers rn the comparative study would have 

affected the conclusions. 

B-2 Comparisons 

- 

B-2. 1 Load Cells 

- 

A check on the total load can be obtained by comparing the 

impulse (the area under the force -time curve) to the change in momentum 

of the vehicle during the collision. Bv planimeter, the Impulse was deter- 

mined to be 3555 lbs-sec. Equating the impulse to the momentum change 

and using the measured weight of the test vehicle (3524 lbs), the calculated 
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velocity change is 22. 1 MPH. This value compares favorably to the sum 

of the Impact and rebound velocity of 22.8 MPH as determlned by the trip 

switch and high speed camera data. The drscrepancy, which IS less than 

4 percent, 1s an index of the reliability of the load cell forces. In contrast 

to the human tolerance area where acceleration is of primary Lnterest, 

force data are of most utility in the detarled design of a structural modrfi- 

cation and acceleration data are primarily a means of Inferring magnitudes 

of the expected loads. Direct measurement of forces by means of load cells 

IS normally the best method of measuring loads. 

B-2.2 Effect of Filtering 

In all previous tests acceleration data has been flltered 

using a 50 Hz cutoff. Although the selection of 50 Hz cutoff IS arbitrary, 

such a cutoff frequency does aid In data rnterpretatlon by removing the sharp 

spikes In the acceleration trace which do not affect human response and, 

consequently, should not be used in assessrng the performance of a vehrcle 

modification. It was also noted that the total velocrty change and the dis- 

placement were not Influenced slgnlflcantly by fllterlng the data. This 1s a 

strong Indication that the high frequency content of an acceleratron trace 1s 

due to the motion of the localized point where the accelerometer 1s attached, 

rather than the gross motion of the vehrcle. 

Srnce the accelerations derived by dividing the force measured by the 

load cells by the vehicle weight should be rndrcatrve of the gross vehrcle, It 

is of interest to compare these inferred accelerations to those directly mea- 

sured and filtered wrth various cutoffs. Frgure B-l presents this comparison 

for the output of the accelerometer mounted on the floor pan which has been 

processed through 25 and 10 Hz cutoff filters. Figures B-2 and B-3 present 

correspondrng results for accelerometers attached to the frame and to the 

B-post. Close examination of the three figures leads to the following 

observahons. The 10 Hz data is filtered too heavily to reproduce the excur- 

sions sensed by the load cell; alternatrvely, the 25 Hz filter appears to be 
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too light. Consequently, the accelerations derived from the load cell 

appear as if they have been equivalently filtered at approximately 20 Hz. 

Physically, this may simply mean that the substantial mass of the pole 

prevents it from responding with significant amplitudes at higher frequencies. 

Also, the relation between peaks in the region of maximum acceleration (40 

to 60 milliseconds) is noteworthy. For example, multiplying the load cell 

accelerations by approximately 1.3 would provide a fairly good approxima- 

tion for the peak frame acceleration (Figure B-2), particularly if 20 Hz 

filtered data were plotted. The same is true for the B-post accelerometer 

(Figure B-3) with a slight time shift and a smaller ampllflcation factor, and 

for the floor accelerometer (Figure B- 1) with a greater amplification. In 

any case it is apparent that all curves are baslcally measurrng the same 

phenomenon. 

Peak g is often presented as a simple index of the severity of a 

collision, and it is informative to compare peak acceleration for various 

filters and accelerometer location to that inferred by the load cell data 

(ll.Og’s). Table B- 1 summarizes the various comparisons. A reasonable 

conclusion of the tabular comparison is that calculating load from unfiltered 

data, or even from data that has not been filtered through a low enough cut- 

off frequency, results in a sizable overestimate of peak load. 

B-2.3 Effect of Accelerometer Location 

An added reason for the redundant measurements was to 

see what conclusion could be made concerning accelerometer location. 

FLgure B-4 is a plot of the calculated load cell accelerations and data from 

all three locations which have been processed through a 25 Hz cutoff filter. 

It can be seen that the rise times are similar -- the first peak for all four 

curves occurs at approximately 30 mrlllseconds. It can also be observed 

that subsequent peaks show good agreement in their time of occurrence. 

A further observation is that the “noise” of the individual curves increases 

as the flexibility of the attachment point. The floor is the most flexrble 
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Table B-l 

COMPARISON OF PEAK g’s 

LOAD CELL DATA VS. ACCELEROMETERS 
AT VARIOUS LOCATIONS WITH VARIOUS FILTERS 

FILTER 
CUTOFF 

(Hz) FRAME 

10 13 1 

25 162 

50 24.2 

NONE 25.9 

FLOOR- FLOOR- 
B-POST B-POST PAN PAN AVERAGE AVERAGE 

93 93 11.2 11.2 11.2 11.2 

11 9 11 9 167 167 14 9 14 9 

17 0 17 0 20 8 20 8 20.1 20.1 

198 198 24.6 24.6 23 4 23 4 

PEAK g FROM LOAD CELL = 11 0 g’s 
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locatron, and the B-post IS the stiffest location -- the accelerometer IS, zn 

fact, attached to a heavy gusset adcled to the base of the post. One possible 

conclusion IS that the stiffer the accelerometer locatron, the better the 

agreement with the load cell data. It was orrglnally thought that filtering 

with a very low cutoff would tend to remove localized effects and all curves, 

including the accelerations derived from the load cells, would converge to 

the “true” deceleration curve for the vehicle. Figure B-5 depicts the same 

data as In the previous figure, but the cutoff frequency 1s now 10 Hz. While 

much of the differences between the curtes have been flltered out, substan- 

tral percentage differences still exist. For example, the peak amplitude 

of the accelerometer on the frame IS 13.1 g’s compared to 9.3 for the B- 

post. Also, the varlatrons between accelerometers are greater than the 

variation between an accelerometer and the load cell data. Whenever two 

pornts undergo different accelerations, then It follows that the relative 

displacement between the points must be varyrng. Ftgure B-6 plots the 

relative displacement between the frame and the B-post as a function of 

time. The curve was obtarned by a double integration of both accelerometer 

outputs . The low magnitude of the relatrle displacement, especrally at times 

when differences In acceleration levels between the points are pronounced, 

1s particularly signlflcant. Drsplacements of thus magnitude could easily 

escape detection by camera coverage or post-colllslon e\amlnatlon. Due 

to the small times Involved, only small relatrve displacements result when 

sizable differences in accelerations e\zst between points on the same vehicle. 

Because of this fact, the original hypothesis that filtering wrth a very low cut- 

off would result in all curves converging to the “true” curve must be 

abandoned. 

- 

B-9 YB-2684-V-3 



I I I I 
I 
I 
I / 

B- 10 YB-2684-V-3 



- 

- 

- 

- 

- 

- 

- 

- 

cl 

B-11 YB-2684-V-3 



B-3 Conclusrons of Study 

The 50 Hz cutoff filter, which has been used as standard for pre- 

vious tests, is apparently too light for inferring structural loads, on the 

other hand, a 10 Hz cutoff is too heavy. A 20 Hz low pass filter 1s a rea- 

sonable compromise for estimating forces from accelerometer data. 

While a location near the seat belt attachment point is seemingly a desirable 

location to measure input accelerations for occupant response, the flexz- 

bility of the floorpan can cause difftcultles when interpreting acceleration 

data for evaluation of structural performance. 

Dynamic loads can be inferred from acceleration data by filtering 

with a 20 Hz cutoff and using an amplification factor of 1. 3 rf the acceler- 

ometer IS at a flexible location (e.g., floorpan), or 1. 1 if the location is 

in a stiff region (e.g., frame). Peak g’s, or loads, derived from data 

containing high frequency content can be considerably In error. 

Complete characterization of vehicle motion by a single acceleration 

time history 1s not possible; small and easily undetectable relative dlsplace- 

ments can lead to large percentage differences in instantaneous acceleration 

for different structural locations. 
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APPENDIX C: SUMMARIES OF TEST DATA 
AND RELATED INFORMATION 
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VEHICLE TESTED Base Line 3, 1966 Ford Sedan 
l DATE 1-31-69 

NOMINAL TEST CONDITIONS 20 mph, 90” Side Pole Impact 

VEHICLE WEIGHT 3600 LBS. CAL TEST NO 5 

VEHICLE IMPACT TEST - DATA SUMMARY I 

L 

li 

MEASURED VEHICLE IMPACT VELOCITY (MPH): 

ROAD TRIP SWITCHES 
21.5 to.5 * 

- 

FILM DATA 20 , REBOUND N.A. 

COMPARTMENT ACCELEROMETERS 22 ** 

MEASURED VEHICLE IMPACT ANGLE N.A. DEGREE 

IMPACT POINT ON VEHICLE Right Front Door, 6 Inches Aft of Door Center 

TOW ROAD CONDITIONS N. A. 

AMBIENT TEMPERATURE N. A. OF 

CHANNELS RECORDED ON FM TAPE None 

POST TEST VISUAL INSPECTION 

1. 

2. 

3. 

FINAL REBOUND DISTANCE 17 INCHES 

FINAL CRUSH DISTANCE 24 INCHES 

REMARKS 

Pole penetrated well into roof of vehicle. 

Front wrndshield was cracked over the total area. 

Front bench seat was buckled up at its center along with 
the floorpan. 

* MOST ACCURATE MEASURE OF VEHICLE VELOCITY 

l * INCLUDES REBOUND VELOCITY 

N. A. = Not Available 
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ti 
- FPS 

TEST SITE LOCATION OF SENSORS AND CAMERAS 

TEST VEHICLE Base Line 3 

////////v//U/////// 
/ 
/ 

BARRIER / 

L_ MM LENS 

I 

38. IN 

i 

- 

\T. 

-= 

- FPS 
I 

pl’ifil LENS 

II 

ROADWAY 

Q 1300 FPS 
50 MM LENS 

El 
1680 FPS 

4IN. LENS 

If3 1 OVERHEAD CAMERA 

13 2 

I 

PIT CAMERAS 

1 3 

-vvx- LOAD CELL 

= = TRIP SWITCH 

REMARKS 

1. There was no North side camera, and only one pit camera. 

2. No pole load cells were used for this test. 

- 

c-3 YB-2684-V-3 



VEHICLE MOUNTED SENSORS 

TEST VEHICLE Base Line 3 

CAMERA 

w LOAD CELL 

0 STRAIN GAGE 

I ACCELEROMETER 

+ SIDE 

-!- 

LON&T 

REMARKS 

1. 

2. 

No. 1 accelerometer package was the standard triaxlal sensors 
which were turned 90” toward the pole. 

No. 2 accelerometer package was a trlaxlal unit mounted under 
the driver’s seat on the floorpan and in lme with the Impact point. 

3. There were no accelerometers on the engine. 

4. The rear bench seat was removed for the test. 
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VEHICLE IMPACT TEST N DATA SUMMARY 

- 

- 

- 

- 

VEHICLE TESTED Mod. 3, Modlf,ed 1966 Ford Sedan , DATE 2- 18-69 

NOMINAL TEST CONDITIONS 20 mph, 90” &de Pole Impact 

VEHICLE WEIGHT 3594 LBS CAL TEST NO 6 

MEASURED VEHICLE IMPACT VELOCITY (MPH) 

ROAD TRIP SWITCHES 17. ?f 10. 5 * 

FILM DATA 17 , REBOUND 3 

COMPARTMENT ACCELEROMETERS 25 l * 

MEASURED VEHICLE IMPACT ANGLE N-A* DEGREE 

IMPACT POINT ON VEHICLE Right Front Door, 6 Inches Forward of Door Center 

TOW ROAD CONDITIONS N. A. 

AMBIENT TEMPERATURE N. A. OF 

CHANNELS RECORDED ON FM TAPE None 

POST TEST VISUAL INSPECTION 

FINAL REBOUND DISTANCE 70 INCHES 

FINAL CRUSH DISTANCE 14 INCHES 

REMARKS 

1. Pole penetrated slightly mto the vehicle roof. 

2. Windshield was cracked on both the driver and passenger sides. 

3. There was no noticeable buckling of the relnforclng strut between 
“B” posts. 

4. The wraparound effect of the total car appeared to be less than the 
standard vehicle test. 

* MOST ACCURATE MEASURE OF VEHICLE VELOCITY 

** INCLUDES REBOUND VELOCITY 

N. A. = Not Available 

c-5 YB-2684-V-3 



TEST VEHICLE Mod. 3 

/f///////////////// 
/ BARRIER / 

,p’(?b 

700 FPS ‘/ 

N. A. MM Lens 

__ MM LENS 

I 

40 IN. 

148 IN. 

-lL _- I 

ROADWAY 

c 
TEST SITE LOCATlON OF SENSORS AND CAMERAS 

- 
1160 FPS 
N.A. MM Lens - 

cl 
15% FPS 

N.-A- MM LENS 

I 1 OVERHEAD CAMERA 

If3 2 

I 3 
I 

PIT CAMERAS 

- LOAD CELL 

= = TRIP SWITCH 

REMARKS. 

1. There was no north side camera, and only one pit camera. 

2. No pole load cells were used for this test. 
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VEHICLE MOUNTED SENSORS 

TEST VEHICLE Mod* 3 

CAMERA 

- LOAD CELL 

0 STRAIN GAGE 

I ACCELEROMETER 

LONGIT 

REMARKS 

1. No. 1 accelerometer package contained the standard trlaxlal sensors. 

2. No. 2 accelerometer package was a triaalal unit mounted under the driver’s 
seat on the floorpan. 

3. There were no accelerometers on the engine. 
- 4. Two strain gauges wele mounted on the lateral strut between the “R” posts. 

5. The rear bench seat was removed for the test. 
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VEHICLE IMPACT TEST - DATA SUMMARY 

VEHICLE TESTED D-2, Modified 1966 Ford Sedan t DATE 4/11/69 

NOMINAL TEST CONDITIONS 20 MPH, 90” Side Pole Impact 

VEHICLE WEIGHT 3524 LBS CAL TEST NO 12 

MEASURED VEHICLE IMPACT VELOCITY (MPH) 

ROAD TRIP SWITCHES 20* 5 kO.5 * 

FILM DATA 20.6 , REBOUND 2.3 

COMPARTMENT ACCELEROMETERS 20.41 l * 

MEASURED VEHICLE IMPACT ANGLE 87 DEGREE 

IMPACT POINT ON VEHICLE Front-Right Door, 4 Inches Forward of Door Center 

i 

1 

TOW ROAD CONDITIONS Dry - Verv Good 

AMBIENT TEMPERATURE 50’F 
i 

CHANNELS RECORDED ON FM TAPE Trlaxlal Accelerometers, Driver’s Seat 
Side Accelerometer, Passenger Compartment 
Side Accelerometer, “B” Post Top 
Side Accelerometer, “B” Post Bottom 

POST TEST VISUAL INSPECTION Road Trip Switches 

FINAL REBOUND DISTANCE 59 INCHES 

FINAL CRUSH DISTANCE 22 INCHES 

REMARKS 

1. Interior Horrzontal Brace Between “B” Posts Was 
Not Bent. 

2. “B” Post On Left Side Was Bowed Out And St111 
Attached At Its Top And Bottom. 

3. Both Right Side Door Latches Were Still Engaged. 
4. Left Srde Maln Frame Rail Was Not Noticeably 

Bent. 
5. Total Car Contarned A Slight “U” Shape Around 

Pole. 
6. Engine Appeared To Be Displaced Approximately 

l- l/2 Inches At Its Front. 

l MOST ACCURATE MEASURE OF VEHICLE VELOCITY 

l * INCLUDES REBOUND VELOCITY 
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TEST SITE LOCATION OF SENSORS AND CAMERAS 

TEST VEHICLE D-2 

- FPS 

-MM LENS 

- 

- 

- 

- 

- 

i 

9 FT 

9 FT 

--l 

REMARKS 

_- 

- 

115* FPS 

.NS 
// 

-- ---w- 

ROADWAY 

- =z =r=- 

LEtiS 

= 

: = 

1120 FPS 
35 MM LENS 

w FPS 

*MM LENS 

OVERHEAD CAMERA 

I 2 
PIT CAMERAS 

I 3 

- LOAD CELL 

= = TRIP SWITCH 

1. No Camera Coverage From North Srde. 

2. Load Cells Nos. 2, 5 And 4 Wele Mounted At The Top Of The Pole. 

3. Camera Coverage Wa5 Excellent. 

c-9 YB-2684-V-3 



VEHICLE MOUNTED SENSORS I 

TEST VEHICLE D- 2 

UJ 
- 

CAMERA 

- LOAD CELL 

0 STRAIN GAGE 

I ACCELEROMETER 

- F 
( 3 

/POLE 
+ SIDE 

BRACE 

ts -- 

LON&T 

REMARKS 

1. 
2. 

No. 1 Accelerometer Was Oriented Along The Side Axis Only. 

3. 
No. 2 Triaxial Accelerometer Package Was In Line With Pole Impact. 
No Accelerometers On Engine Block. 

4. No. 1 Strain Gauges Were Mounted On Horizontal Brace. 

2 
No. 3 Accelerometer Was Mounted At Bottom Of “B” Post. 

7. 
No. 4 Accelerometer Was Mounted At Top Of “B” Post. 
No. 5 Accelerometer Was Mounted On Side Frame Rail. 

8. There Were No On-Board Cameras Or Load Cells. 
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VEHICLE IMPACT TEST - DATA SUMMARY 

- 

- 

- 

VEHICLE TESTED Mod. 3A(l), Modlfled 1966 Ford Sedan , DATE 7/15/69 

NOMINAL TEST CONDITIONS 20 MPH, 90” Side Pole Impact 

VEHICLE WEIGHT 3692 LBS CAL TEST NO 17 

MEASURED VEHICLE IMPACT VELOCITY (MPH) 

ROAD TRIP SWITCHES 2 1. 7 20. 5 l 

FILM DATA 20 , REBOUND 3 

COMPARTMENT ACCELEROMETERS 2 3 l * 

MEASURED VEHICLE IMPACT ANGLE 94 DEGREE 

IMPACT POINT ON VEHICLE Right Front Door, 4 Inches Forward of Door Center 

TOW ROAD CONDITIONS Dry, Very Good 

AMBIENT TEMPERATURE 84 OF 

CHANNELS RECORDED ON FM TAPE None 

POST TEST VISUAL INSPECTION 

- 

- 

1. 

2. 

3. 

4. 

5. 

FINAL REBOUND DISTANCE 47 INCHES 

FINAL CRlJSH DISTANCE 19 INCHES 

REMARKS 

The vertical I-beam support behlnd the “B” post (on Impact side) yielded 
Inward 7 inches and was rotated approximately 90 degrees. 

The horizontal I-beam reinforcement behlnd the door was plvoted Inward 
about Its forward connection ‘ind bent slightly. 

The bowed roof reinforcements c11d not appear to have ylelded, 

The forward and aft knee braces between the modlfled side rails under the 
floorpan ylelded slightly. 

The left side vertical I-beam support at the “B” pillar did not appear bent. 

l MOST ACCURATE MEASURE OF VEHICLE VELOCITY 

l * INCLUDES REBOUND VELOCITY 
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N __ FPS 

__ MM LENS 

TEST SITE LOCATION OF SENSORS AND CAMERAS 

TEST VEHICLE Mod. 3A(l) 

/ 
BARRIER /, 

1 
94.0 In, 

- 

108.1 In 

--l 
. 

-= 

, ^ 

I 
-&il LENS 

-1 

PIT AREA -4 b --- -- -- --- 
ROADWAY 

0 1420 FPS 

35MM Lens 

R - PS 
--MM LENS 

1 1 OVERHEAD CAMERA 

I3 2 

I > 

PIT CAMERAS 
3 

-vv-.- LOAD CELL 

= = TRIP SWITCH 

REMARKS 

1. Camera coverage was not obtalned from the north and south sides. 

2. Load cells Nos. 3, 5 and 1 were at the top of the pole. 

3. Camera coverage from the four stationary cameras was excellent. 
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VEHICLE MOUNTED SENSORS 

TEST VEHICLE Mod. 3A ( 1) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

CAMERA 

e LOAD CELL 

0 STRAIN GAGE 

El ACCELEROMETER 

\ - / . 
Qc__s3 

+ SIDE 

+!!I 
1 - 

: ~ 

- 
LON&T 

--Et 

cl 3 

i 7 , , 
no... 2 El 

- 

REMARKS 

1. No. 1 accelerometer on eng ne was orlented along the side axls only. 

2. No. 2 accelerometer in compartment was orlented along the side axls only. 

3. No. 3 accelerometer was mounted CI~ de1 left front seat, 

4. No. 4 accelerometer was mounted on the left side frame, near “B” post. 

5. No. 5 arcelerometer was mounted on the left side frame, slightly aft. 

6. Wo. 6 accelerometer was mounted on the rear frame. 

7. No. 7 accelerometer was mounted on the right side frame, slightly aft. 

8. No. 1 camera vlewed the relniorclng structure behind the impacted door. 

9. No. 2 camera vlewed the overhead relnforclng tubes. 

10. Both front and rear passenger seats were removed. 
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VEHICLE IMPACT TEST - DATA SUMMARY 

VEHICLE TESTED Mod. 3A(2), Modified 1966 Ford Sedan , DATE 8-28-69 

NOMINAL TEST CONDITIONS 20 mph, 90’ Side Pole Impact 

VEHICLE WEIGHT 3876 LBS CAL TEST NO 20 

MEASURED VEHICLE IMPACT VELOCITY (MPH) 

ROAD TRIP SWITCHES 20. 5 to. 5 l 

FILM DATA 2 1 , REBOUND 3 

COMPARTMENT ACCELEROMETERS 30 xx 

MEASURED VEHICLE IMPACT ANGLE 90 DEGREE 

IMPACT POINT ON VEHICLE Right Front Door, 1 Inch Aft of Door Center 

TOW ROAD CONDITIONS Dry, Very Good 

AMBIENT TEMPERATURE 79 OF 

CHANNELS RECORDED ON FM TAPE Side Accelerations From the Following Sensors: 

Left Side Rail Fwd. , Left Side Rail Aft, Driver’s Seat, Right Side Rail Aft, 
Pass. Compartment, and Engine. I 

POST TEST VISUAL INSPECTION 

FINAL REBOUND DISTANCE 43. INCHES 

FINAL CRUSH DISTANCE 15. INCHES 

REMARKS 
1. The rebounding vehrcle was stopped by the modified frame underneath 

contacting the towing rail. 

2. The 3 x3 vertical box beam support behind the “B” post (On Impact &de) 
yielded inward - good plastic hinge at center. 

3. The horizontal 4 inch “1” section behind the door yielded slightly between - 
the door and dash panel. 

4. The forward and aft knee braces between the modified side rarls under the 
floorpan yielded slightly. 

5. The left side modified “B” pillar did not appear bent. 

6. The bowed structure rnslde of the roof, connecting the side “B” pillars, 
did not appear bent. 

- 

* MOST ACCURATE MEASURE OF VEHICLE VELOCITY - 

l * INCLUDES REBOUND VELOCITY 
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TEST SITE LOCATION OF SENSORS AND CAMERAS 

TEST VEHICLE Mod. 3A(2) 

////f///f////////// 
/ 
/ 

BARRIER / 

- 

* __ FPS 

__ MM LENS 

48. 0 IN. 

113. IN. 

REMARKS 

l- 

I I 
945 FPS 

25liGl 

II 

I 
LENS 

PIT AREA 

----=-- -- 

ROADWAY 

------- --- 

1130 FPS 

?-MM LENS 

l-i-h OVERHEAD CAMERA 

3 PIT CAMERAS 

- LOAD CELL 

= = TRIP SWITCH 

- 

1. The overhead camera film contalned no tlmlng pulses, so it could not 
be used. 

2. Load cells Nos. 3, 5 and 1 were at the top of the pole. 

3. Camera coverage was not obtained from the north side. 
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VEHICLE MOUNTED SENSORS 

TEST VEHICLE Mod* 3A(2) 

1. 
REMARKS 

Camera No. 1 viewed the relnforcmg structure behmd the Impacted door. 
Frame rate - approx. 600 fps. 

2. Camera No. 2 viewed the overhead remforclng tubes. 

3. No. 1 accelerometer on engine was oriented along the side axis only. 

4. No. 2 accelerometer m compartment was oriented along the side axis only. 

5. No. 3 accelerometer was mounted under left front seat. 

6. No. 4 accelerometer was mounted on left side frame near ctBcf post. 

7. No. 5 accelerometer was mounted on left side frame, slight aft. 

a. No. 6 accelerometer was mounted on right side frame, slightly aft. 

9. Both front and rear passenger seats were removed. 

CAMERA 

- LOAD CELL 

0 STRAIN GAGE 

I ACCELEROMETER 

+ VERTICAL t-/J 

1 - 
-El 

+ SIDE 

-i -- 

LONhT 
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