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A SERIES OF EIGHT van crash tests was conducted 
by Dynarntc Science under Contract NpL MT I-IS - - 

a-01942 (Task Order No. 4), ‘Van Crashworthiness 
and Aggress~vrty Study,’ sponsored by the Natlonal 
HIghway Traffic Safety AdmInIstratIon (NHTSA). 
Thts paper presents the results of SIX symmetrrc, 
head-on van-to-NHTSA Ftxed Test Device crash 
tests and two van-to-car colhsrons (1, 2, 3).* 

These tests were conducted to 1) study the 

crashworthtness and aggresslvrty of vans, 2) provide 
baselrne van colhslon data to support extension of 
FMVSS 208, Occupant Crash ProtectIon, to vans, and 
3) support current vehicle standards and provide 
tnltlal mformatlon for the future FMVSS 400 series 
standards. 

TEST SCOPE 

Van Crashworthiness 
and Aggressivity Study 

Sol Davis 
Dynamic Science tnc 

Steve Peirce 
Natlonal Hlghway Traffic Safety Admmlstratlon 

Test Device. Impact speeds were selected as 15, 25, 
and 30 mph. The last two tests were van-to-car 
front-to-front collrsions using a typical full-size 
passenger car (1979 Chevrolet Impala). This vehtcle 
IS Illustrated In Figures 3 and 4 In relation to the 
two van models. Closmg velocities of 64.0 mph for 
the Ford Van-to-Chevrolet test and 61.7 mph for 
the Dodge Van-to-Chevrolet were chosen so that a 
velocity change of 30 mph would occur on the van 
(see Appendix A). 

The NHTSA Flxed Test Devtce (4) IS a unque seg- 
mented load-measurmg barrier which was supported 
by a 36-Inch extension attached to the Dynamic SCI- 

ence fixed barrier. The front face of each of the 40 
load-measurrng modules used a 7 x 8 x 1-l/2-Inch 
plywood face as the impact surface (Figure 5). The 
frontal height was set to simulate the front of a 
Chevrolet Impala (Figure 6). 

In each test, the van contained two mstru- 
mented Alderson Part 572, 50th percentile male 

*Numbers rn parentheses designate References at 
end of paper. 

The test matrix and summary of test condltlons 
for the eight van crash tests are presented In Table 
1. Two representative van models (a 1979 Ford 
Econolrne 150 and a 1979 Dodge B-200) were used rn 
the series. These vans are shown m Figures 1 and 
2. The first SIX van tests were conducted against a 
unque load-measuring barrier, the NHTSA FIxed 

ABSTRACT 

This paper presents the results of a series of van 
crash tests whrch were conduded by Dynamtc Sa- 
ence, Inc. under contract to the National Htghway 
Traffic Safety Admmistratlon (NHTSA). SIX Mn tests 
were conducted against a unque load-rneasunng 
barrier to study the crashworthmess and aggtess~vlry 

of two typical van models at speeds of 15, 25, and 

30 mph. Two addtttonal tests were conduded be- 
tween each of the two van models and a typ~lal full- 

size passengr car. The results of these tests are 
being used by NHTSA to support extension of Fe&r- 
al Motor Vehicle Safety Standard (FMVSS) No. 206 to 
vans, and to provide rndlal rnformation for the 
future FMVSS 400 series standards. 

The Mews and opinions presented m this paper 
are those of the authors and do not necessarrfy re- 
fled the offaal hew of the U.S. Department of 
Transportation, National Highway Traffic Safety 
Admmlstratlon. 
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PHOTOGRAPHIC INSTRUMENTATION 

In all tests, seven hrgh-speed cameras (five loo0 
fps and two 500 fps) and one pannmg camera (24 
fps) were used to cover the crash event. Two of 
the cameras were mounted on board the van to ob- 
serve occupant kmernatrcs. In addrtron to hrgh- 

speed cameras, black-and-whrte photographs and 
color shdes were taken to record pre-test and 
post-test vehrcle and dummy positrons. 

Table 3 - Vehicle lnstrumentatron Summary for Van-to-Car 
Tests 

Van Instrumentation 
Locations 

Vehicle Accekrometers 9 
Dummy Instrumentatron: 

Head (3), Chest (3), Femur (2) 2 
Seat Belt Load Cells: 

Lap (2), Shoulder (1) 2 
Total 

Chevrolet lmpak lnstrumentatron 
Vehkk Accekrometers 4 
Dummy Instrumentation: 

Head (3), Chest (3), Femur (2) 2 
Seat Belt Load Cells: 

Lap (2), Shoulder (1) 2 
Total 

Data 
Channels 

19 

16 

6 
41 

8 

16 

6 
30 

TEST RESULTS FOR VAN-TO-BARRIER COLLISIONS 

Smce three test speeds (15, 25, and 30 mph) 
were used, a reasonably good data base for exam- 
mmg the effects of Impact wlocrty for van-to-Frxed 
Barrier Impact tests was estabhshed. The methodol- 
ogy used to stuch/ these effects was to plot various 
vehrcle and occupant response parameters against 
the actual test speeds. Occupant response param- 
eters were also plotted qgamst selected vehicle 
response parameters. 

Parameter 

Velocity (mph) 
HIC 
Chest St 
Peak Resultant Chest 
Acceleratton (g)’ 

Left Femur Load (lb) 
Rtght Femur Load (lb) 

OCCUPANT RESPONSE PARAMETERS VERUJS IM- 
PACT VELOCITY - The pertinent occupant reponse 
data are presented In Table 4 for crrtrcal response 
parameters as defmed m FMVSS 208. The peak 
chest acceleratron, excludrng Intervals whose cumu- 
lative duratton IS not more than 3 mllhseconds, IS 

the current FMVSS 208 chest criteria, the chest Sever- 
sty Index (SI) data are also presented smcr these 
criteria were used previously m FMVSS 208. 

Head Injury Criteria (HIC) IS as defiled In 
FMVSS 208, wrth an allowable lrmrt of 1ooO. Figures 
7 and 8 rndrcate that this parameter was well wrthm 
the loo0 lrmrt value at 25 mph, but slightly exceeded 
loo0 at 30 mph for the Dodge drover and the Ford 
passenger. 

Chest SI and Peak Chest Resultant deceeratron 
data are shown in Figures 9 through 12. At 25 
mph, these chest paramteters were well wrthm the 
established hmrt of loo0 for the SI and 60 g for the 
Chest Resultant deceleration. Although the SI 
values at 30 mph were well below 1000 n both 
vans, the chest g for the Ford drrver slightly 
exceeded the allowable 60 g limit. 

Femur load criteria are as defined rn FM JSS 208, 
with an allowable compressron lrmrt of 2,250 
pounds. Figures 13 through 16 Indicate that this 
parameter tends to Increase wtth Impact spzed, but 
several values at 30 mph are less than 25 mph. The 
maximum femur load occurred at 25 mph for the 
Dodge driver left femur and the Ford drover right 
femur. These values, as well as the value for the 
Dodge driver right femur at 30 mph, exceeded the 
2,258-pound lrmrt specrfred In FMVSS 208. 

In summary, several dummy response param- 
eters exceeded FMVSS 208 limits at M mph, and 
femur load hmrts were exceeded even at 25 mph. 
Improved restraint systems mrght help to reduce 
excessrve occupant femur and head respon#e values 
and thereby unprove the crashworthmes* of the 
vehrcles. 

VEHICLE RESPONSE PARAMETERS VEESUS IM- 
PACT VELOCITY - The pertinent vehicle response 
data are presented In Table 5. These rnclude struc- 
tural parameters that have been used m previous 

Table 4 - Comparison of Occupant Response Oata - Barrier Tests 

Ford Test 1 Ford Test 2 
LF RF LF RF 

Ford Test 3 
LF RF 

Dodge Test 4 Dodge Test 5 Dodge Test 6 
LF RF LF HF LF RF 

15.3 25.1 30.0 25.2 30.2 15.3 
70 70 557 393 929 1072 660 460 1006 724 74 97 
01 62 289 171 561 290 277 206 391 305 77 58 

26.2 21.4 41.4 29.0 60.6 39.3 39.1 36.7 46.0 41 .o 25.7 22.9 
-90 -64 -137 -141 -927 -1632 -2346 -193 -789 -tn -261 -148 
-1030 -231 -2851 -l&4 -2617 -953 -900 -0-l -2557 -232 -469 -66 

-3 msec chp, per FMVSS 2OM. 
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research programs to quantrfy vehrcle crashworthr- 
ness and aggressrvrty. 

Dynamtc crush from accelerometer mtegratron 
and film analysis are shown In Frgures 77 and 18. 
Post-test static crush data are shown m Frgure 19. 
As expected, the crush Increases with Impact speed, 
and both vans Indicate slmllar crush versus speed 
curves. It should be noted, however, that the 
maxrmum dynamrc crush at 30 mph IS about 20 
Inches, compared to dynamic crushes of 30 Inches 
for typrcal full-size passenger cars. Since Increased 
crush (wrthrn acceptable compartment mtrusron Irm- 
its) tends to reduce the occupant n-nury severity of 
a crash In both the struck and strlkrng vehicles, 
structural modlfrcatrons to Increase the 30-mph 

u I 

1200- 
0 DODCE VAN/BARRIER 0 
+ FORD VAN/BARRIER 

h 

LIMJT 1 loo0 
D 

3 0 “T 
OI 

aal. 

400- 

OO 10 m 30 40 

SPEED - MPH SPEED - MPH 

hg. 7 - Driver head mjuty crrterra (MC) versus FIN. 8 - Front passenger head Injury crctena (HIC) 
impact speed versus impact speed 

Rg. 9 - Dnver chest seventy Index (SI) versus Frg. 10 - Front passenger chest seventy index 
Impact speed (9) versus impact speed 

crush value to 25 Inches IS suggested as one ap- 
proach to Improve van crashworthmess and reduce 
potential crash aggressrvrty. 

Van velooty change versus Impact speed IS 
shown rn Figure 20. For a perfectly plastrc colhsron 
(coefficient of restrtutton = 0), there would be no 
rebound velocity, and the vehrcle velocrty change 
(AV) would equal the mitral impact speed. Thus IS 

illustrated by the dashed line. In actuality, return 
of some crush energy IS mevrtable, but thus should 
be kept small to mmrmrze the velocrty change of the 
vehrcle’s occupants. As shown tn Ftgure 20, the 
data for the Ford and Dodge vans are comparable 
and close to the perfectly plastic colhsron line. 

1m 

iux 

4cx 

( 

0 CQDCE VA4@ARRIER 
+ FORD VAN/BARRIER 

LIMIT f Km 
I 

600 600 

+ + FORD VAN FORD VAN 

0 0 
0 0 10 10 m m 30 30 40 40 

SPEED - SPEED - MPH MPH 
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The coeffrcrent of restrtutron IS about 0.1, which IS 

representative of data for full-size passenger cars. 
Compartment acceleratron IS a vehrcle parameter 

that can affect van crashworthrness through Its ef- 
fect on occupant response. The peak acceleration 
data are plotted In Figure 21. The peak compart- 
ment acceleratrons for the Dodge were generally 
higher than for the Ford. The actual tune hrstorres 
of compartment acceleration for the 30-mph barrrer 
tests are shown m Figures 22 and 23, where It can 
be noted that the Dodge peak occurs early In the 
pulse and IS of relatrvely short duratron. 

The srgnrfrcance of maxtmum compartment de- 
celeration on vehicle crashworthlness IS contro- 
versial smce the peak value depends on the filter 
used (tn these tests, a class 60 filter, as recom- 
mended m SAE j21lb). Therefore, another param- 

60 

v 

0 
U 

-----7---V-- 3 
0 WDCE VAN/BARRIER a 

h 
+ FORD VAN/ISARRItR 0 

I “? 

=&OC 
D 
e LIMIT 

1 
10 20 30 40 

eter, average compartment acceleration, was ccn- 
s rdered . Thus IS defined as the area under the 
acceleratron curve (I.e., velocrty change) drvrded by 
the effective tmre duratron of the pulse (determrwd 
usrng the tune when the compartment acceleratron 
drops to 1 g). These data are plotted In Flgurr 24 
and show no slgnlfrcant drfferences between van 
models over the test speed range. 

Engine Inertia forces may possibly Increase the 
aggressrvrty of a vehicle bv generating hrgh rnte face 
loads. The van acceleratron data are shown In Frg- 
ure 25, where It can be observed that the Lodge 
engine expertencecl higher peak acceleratrons than 
the Ford engine. Since the werghts of the two 
engine/transmrsslon masses were srmrlar (768 lb for 
the Ford and 7% lb for the Dodge), the engine 

SPEEO - MPH 

Frg. 11 - Driver peak chest resuhant deceieratron Fig. 12 - Front passenger peak chest resultant 
versus impact speed deceleration versus Impact speed 

3iM) f -1 

, 
FORD VAN,%AKHILK 1 

SPttD - MPH 

Fig. 13 - Driver left femur load versus impact Fig. 14 - Driver nght femur load verus tmpact 

speed speed 

0 
0 10 20 40 

SPEED - MPH 
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mertra forces for the Dodge were higher than for 
the Ford. 

The total Interface force can be esttmated from 
Inertia forces using a two-mass dynamic model, 
i.e., the mass of the engine and the mass of the 
rest of the vehicle. This computatron IS illustrated 
In Figures 26 and 27 for the 30-mph tests, where 

(Al + ~2)/2 IS the time-averaged compartment 
* acceleration on the right and left sides, and A5 IS 

the engtne acceleratron. The Interface force can 
also be obtained by summing the load data from the 
40 load cell modules on the NHTSA Ftxed Test 

0 DCIXE VAN/BARRIER 
+ FCRD VAN/BARRIER 

I 
LIMIT = 2 2.50 LB 

---v-t---- 

SPEED - MPH 

Fig. 15 - Front passenger left femur load versus 
impact speed 

Table 5 - Comparrson of Vehicle Response Data - barrier Tests 

Ford Test 2 Dodge Test 4 Dodge Test 5 Dodge Test 6 Ford Test 1 Ford Test 3 

30.0 

7 

Device. These data are shown rn Figures 28 and 29. 
The maximum forces as a function of speed are pre- 
sented In Figures 30 and 31. 

Cross plots of the total load cell force versus 
vehicle dtsplacement (from van compartment acceler- 
ometer data) are shown In Figures 32 and 33. These 
figures show little difference between the Ford and 
Dodge vans m terms of overall structural stiffness. 
It should be noted, however, that the total Interface 
load cell forces (Figures 28 and 29) have lower peak 
values than the Interface forces derived from Inertia 
loading data (Figures 26 and 27). This drscrepancy 

1, 
0. 0 

0 10 m 30 1 

SPEED - MPH 

Fii. 16 - Front passenger nght femur load versus 
impact speed 

Veloctty (mph) 

Velocrty Change 

(mph) 

Accelerometer l$namrc 
Crush (In. B msec) 

Film Dynamic Crush 
(in. B msec) 

Static Crush (In.) 

Peak Compartment 
Acceleratton 

(6 e m-1 

Average Acceleratron 
(g, Over msec) 

Peak Engr ne 
Accelerat ron 

(6 e msec) 

Ftxed Test Devrce 
Force (klb 6 msec) 

Engine/Car Inertia 
Force (klb B msec) 

15.3 

17.09 

8.8 e 50 

8.1 e 50 

6.9 

-25.1 e 16 

-11.61, 66 

-45.5 e 26 

82.50 e 44 

112.16 e 16 

25.1 

27.87 

16.1 e 65 

15.3 e 67 

13.1 

-29.5 e 26 

-15.15, M 

-59.0 e 27 

97.36 e 25 

138.01 e 28 

31.97 

20.1 a 69 

19.5 a 68 

16.4 

-34.9 e 16 

-18.0, 78 

-66.5 e 25 

129.92 e 38 

193.18 e 36 

25.2 

27.14 

17.3 e 71 

16.7 e 68 

14.5 

-43.4 e 15 

-14.77, 82 

-85.1 e 22 

93.40 e 45 

176.28 e 15 

30.2 

32.79 

21.2 e n 

19.1 e 66 

16.6 

-51.9 @ 14 

-17.6, 82 

-83.5 e 35 

114.57 e 42 

208.41 e 14 

15.3 

17.12 

8.9 e 61 

7.5 e 56 

6.5 

-27.6 e 27 

-10.36, 70 

-37.1 a 32 

81.12 e 30 

115.52 e 27 
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speed 

N/fMRRlER 
/BARRIER 

1 

-- 
0 DDDGE VAN/BARRIER 
+ FORD VAN/BARRIER 

-_i 
1 

‘PERFECTLY PLA‘TIC 
COLLISION LINE 

/ 

I’ 

I I / I / ---c I __ ---- 
/ I / 

Fig. 20 - Veloaty change wrsus impact speed 

Flg. 21 - Maximum compartment acceleration 
~rsus impact speed 



810090 9 

IS due partly to the approxrmatron of usmg only two 
masses m the dynamrc model, and partly to loss of 
load tn the load-measurtng modules. Bottomtng 
out of some of the load cells can occur under ex- 
ceptronally severe loadrng condrtrons. Several ap- 
proaches to Improve the frdehty of the load- 
measuring subsystem are currently under consrdera- 
tion at NHTSA. lntegratron of the barrier force 
versus time curves m Figures 28 and 29 yield rm- 
pulse values which are 86 and 85 percent (for the 
Ford and Dodge tests respectively), of the momen- 
tum change values using vehicle mass and velocrty 
change (7323 lb-set for the Ford, and 6990 lb-set 
for the Dodge). 

OCCUPANT RESPONSE PARAMETERS VERSUS VE- 
HICLE PARAMETERS - Selected occupant response 
parameters m Table 4 were cross plotted agatnst 
vehicle velocity change (Figure 34) and against 
average compartment acceleration (Figure 35) ob- 
tamed from Table 5. These figures Illustrate a 
somewhat greater upward trend for veloaty change 
than for average compartment acceleratron. 

POST-TEST EXAMINATION - Figures 36 and 37 
permrt a visual comparrson of the exterror crush and 
damage patterns for the Ford and Dodge vans dur- 
rng each of the barrier tests. AddItIonal views of 
the vans after the 30-mph barrier tests are rncluded 
as Figures 38 and 39. 

Figures 40 and 41 permit visual examrnatron of 
the Interior deformatron of the drrwr and front pas- 
senger compartment areas. These figures show con- 
siderable steering wheel upward drsplacement, eveen 
at 25 mph, for both vans. 

TEST RESULTS FOR CAR-TO-VAN COLLISIONS 

Since the vans Impacted ldentrcal full-size cars 
(Chevrolet Impalas), the relative crashworthmess of 
the vans could be assessed by comparmg the occu- 
pant responses In the two vans. In addition, the 
relative aggressrvrty of the vans could be assessed 
by comparrng the structural and occupant responses 
In the struck cars. 

It must be remembered that the closrng speed 
for Ford Test 7 (63.6 mph) was slrghtly higher than 
for Dodge Test 8 (62.3 mph), In order to obtain the 
same velocrty change (AV) on the van as In a 30- 
mph barrier test. 

. 

OCCUPANT RESPONSE PARAMETERS - The perti- 

nent occupant response data are presented In Table 
6 for crrtrcal response parameters as defined In 
FMVSS 208. The van occupant head and chest data 
plotted against van velocity change (from Table 7) 
are presented In Figures 42 and 43. The open 
symbols represent the prevrous barrier crash data, 

40 I30 1 

TIME - MSEC 

Frg. 22 - Ford compartment acceleration, 
Heloaty, and displacement for 30-mph barrier 
Test 3 
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the black data pomts represent the car-to-van test 
data. 

It can be noted that the Ford velocity change 
for the Ford-to-car test IS a little higher than for 
the ‘equivalent’ barrier test, while the Dodge 
velocity change for the Dodge-to-car test IS a little 
lower than for the barrier test. This occurred even 
though the test speed tolerance window (a.5 mph) 

* resulted In a slightly lower (63.6 mph versus 64.1 
mph) closing speed for the Ford-to-car test, and a 

. 
slightly higher (62.3 mph versus 61.7 mph) closing 
speed for the Dodge-to-car test. This velocity 
change data may Indicate slightly different coef- 
ficients of restltutlon In the van-to-car tests, or 
may merely reflect accuracy llmlts Inherent In deter- 
mining vehicle velocity change from test data. 

The data for the van-to-car tests appear to be 
compatible wtth the previous barrier test data, how- 
ever, the HIC data for the Dodge appears somewhat 
higher, and for the Ford somewhat lower, than 
would be expected from the barrier tests. In fact, 
the HIC values obtained In the van-to-car tests 
have reversed the relative lnlury levels m the two 
vehicles found during the barrier tests. Although 
the data from one test are not conclusive, they do 
point out that different conclusions regarding the 
relative crashworthlness of vehicles may be obtained 
from vehicle-to-barrier or vehicle-to-vehicle tests. 

200 

150 

100 

50 

0 

-50 
25 

f 

: 

The available dummy data (Tables 4 and 6) were 
normahzed by dividing the data by the appropriate 
limits In FMVSS 208 (i.e., 1000 for HIC, loo0 for 
Chest SI, 60 g for Chest g, and 2,250 pounds for 
femur loads). These normalized data for the Dodge 
and Ford dummies are cross plotted In Figure 44 to 
assess van crashworthmess. The normalized data 
for the Chevrolet dummies In the Dodge and Ford 
tests are cross plotted In Figure 45 to assess van 
aggressivity. 

The Equal Severity Line (ESL) In Figures 44 and 
45 provides a natural boundary for assessing which 
test produces more severe dummy responses. For 
example, Figure 44 Indicates a scatter of the data 
about the ESL with one HIC (0) appreciably above 
the line and one right femur (AR) appreciably below 
the line. Thus, It appears that there IS no strong 
dtfference In the crashworthlness of the two van 
models. 

On the other hand, Figure 45 Indicates almost 
all of the data IS above the ESL, except for one or 
two femur loads (AR, A L). Although no 
statlstlcally valid conclusions can be drawn from 
only one test per vehicle, these data suggest that 
the Dodge van may be more aggressive than the 
Ford. 

CALCULATED ENGINE AND CDMPARlMENl --pGg== 
(*I + *2) 

F = (4230 LB) 2 + (768 LB) A5 

75 100 125 

TIME - MSEC 

= 7310 LE-SEC 

Fig. 26 - Calculated Interface Inertia force for 
30-mph Ford Test 3 
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Fig. 27 - Calculated Interface Inertia force for 
30-mph Dodge Test 5 
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FIN. 28 - Measured Interface load cell force for 
30-mDh Ford Test 3 
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I I 
NIITSA FIXED TEST DEVICE 
TOTAL FORCE/DISPLACEMENT 
FORD E-150 VAN 
(V, - 30.02 MPH) 
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1 

Rg. 29 - Measured Interface load cell force for 
30-mph Dodge Test 5 
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Ftg. 30 - Maxlmum vehlck mertla force wzrsus 
impact speed 

Rg. 31 - Total measured load cell force wrsus 
Impact speed 
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__~-~ T- 

NlilSA tIXED 7t51 DtVlCt 
1OlAL LOAD CELL FDKCt 
M&GE 6-200 VAN 
(V, = w.22 MPH) 

__L -~ .~ ~~ 
(DISPLACEMMCNT FROM VAN 
ACCtLtHOMtl EK DA1 A) 
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FIN. 32 - Interface load cell force versus whack 
displacement for 30-mph Dodge Test 5 

I 
NHTSA FIXED TEST DEVICE 
TOTAL LOAD CELL FORCE 
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VEHICLE RESPONSE PARAMETERS - The pertt- 
nent vehicle response parameters are presented rn 
Table 7. These rnclude scmrlar structural parameters 
as used rn the barrrer test analysis (Table 5). 
However, the vehicle-to-vehicle tests required some 
drfferences in presentation. For example, the 
closmg velocity IS the Important test condltron 
rather than the velocrty of the van (i.e., a closing 

speed of 63.6 mph could have been attained wrth 
the van stationary and the car traveling at 63.6 
mph, or wrth both vehrcles rnovlng at equal and 
opposite speeds of 31.8 mph as In Test 7). Some 
parameters, such as vehicle dynarmc crush from film 
or accelerometer data, are drffrcult to obtain In 
vehicle-to-vehicle tests, because the Interface 
between the two vehrcles IS poorly defrned during 
the crash. Thus, Table 7 presents maximum mutual 
dynamic crush rather than van and car data 
separately. This data rndrcates about the same 
crush distance for Tests 7 and 8. 

The rndrvtdual maxrmum static (post-test) crush 
IS determrnable and IS included In Table 7. These 
data Indicate that the Dodge van crushed more and 
the corresponding Chevrolet car crushed less than 
for the Ford collision. These data suggest that the 
Dodge van IS less crashworthy, and the Ford van IS 

more aggressive, these conclusions are not consrs- 
tent wrth the dummy response data (Figures 44 and 
45) which Indicated no srgnlfrcant difference In van 
crashworthmess, and that the Dodge was more ag- 
gressive than the Ford. Thus, the dummy and 
vehicle crush responses In these tests lead to op- 
posrte conclusions regarding the relatrve crash- 
worthmess and aggresslvlty of the two vehrcles. 

Figure 46 shows the bumper match and interface 
for the vans wrth the Chevrolet, we can see that 
the Ford bumper does not overlap the Chevrolet as 
much, and would tend to overrlde more easily. 
Thus, differences could be expected In crush pat- 
terns during Tests 7 and 8. Figure 47 presents the 
post-test crush profrles for the vans and the 
Chevrolets. Although the van crush profiles are 
similar, major differences can be seen In the 
Chevrolet crush profrles. The colhslon with the 
Ford resulted In maximum crush between bumper 
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and hood level and at hood level, whrle the maxmum 
crush for the Dodge test occurred at bumper Ieel. 
Since vehicle structural aggressrvn-y IS composec of 
two Inseparable factors - the geometry and the st df- 
ness of the structure - It IS dlfflcult to assess the 
aggresslvrty of the vans only from the stiffness data 
obtained In these two tests. The effect of the 
frontal geometrical differences may be as srgnrflant 
to the struck vehrde dummy and structural re- 
sponses as IS the effect of differences rn strucrural 
stiffness of the two vans. 

Figure 48 compares the van post-test crush pro- 
files from the 30-mph barner tests wrth the car to- 
van tests. Although the data appear to show food 
correlatron, the vans crushed somewhat more rn the 
barrier test than In the car-to-van tests. Some 
differences In crush profile are also observ<ible. 
These data reflect the fact that structural responses 
In a fixed ngld barner test differ from responses 
wrth real-world, non-ngd vehicles. Ckcupanr 5 in 
larger vehrdes genera& fare better than small car 
occupants In vehrcle-to-vehicle collisions than IS In- 
dicated dunng 30-mph fixed barner tests. 

Figure 49 compares the car mtertor mtruslon pro- 
files for the Chevrolds In Tests 7 and 8. There IS 

lrttie drfference in the maximum rntruslon (3 to 7 
Inches), but the rntrusron pattern IS obnoush dlf- 
ferent. For example, at bumper level, the maximum 
car mtrusron by the Dodge occurred closer to the 
center of the car. At knee and dash level, the 
maxlmum mtrusron occurred on the car’s right side 

for the Dodge test and on the car’s left side for the 
Ford test. Again, the questron of repeatablkty of 
test results precludes drawing firm conclusrons on 
the srgnrfrcance of these mtruslon differences. 

Figure 50 shows the vehicle compartment acceler- 
ations, velocrttes, and drsplacements for the vans 
and the Chevrolet In Tests 7 and 8. The car acceler- 
atron response data, as well as the derrved vr~locrty 
and drsplacement data, for the two tests are rather 
similar. Although the van acceleratron data show 
srgnrfrcant differences In peak values, the derived 
vebcrty and displacement data are comparable The 
differences In vebcrty data are partly due to the 
difference In mmal closmg speed, and the mas B ratio 
of the van/car. 

Tabk 7 - Campuson of Vehlck Response UPta - Van-to-Car rests 

1-t We&t (lb) 4994 44al 4649 4403 

vdww (mph) 31.8 31.8 31.1 31.1 

~cloaw Churc (nph) 33.7 38.2 32.1 37.4 

wmwm Mutlvl &llmllc 
Crush (Fdm Data) [WI.) 54.1 54.9 

kl~nnum Sqtr Crush (II-I.) 13.6 35.9 15.6 30.9 

pa Corrplrlment 
hccdentlon (8 l nacc) -33.3, 53 -40.7. 61 -26.8 a 13 -38.9 a 54 

hwre Ccmm&u-t 
hccdentlon (8. chr nncc) 12.9 117 -15.0 116 -14.6 102 -13.72 124 

PO& Engine Accekmtlon 
(a l mrsc) -4.3.3e4a -100.2, 51 -77.7 a 40 -96.9 a 39 

E~mJCompmtmmt InCrtU 
Foroc (klb . mxc) 179.0 Q 4a 17l.2 II 51 llb.2 s 48 143.4 a 35 

Mu,rnM Port-t-t 
1ntruswn (#IT.) 0.5 5.1 1.2 6.7 
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CONCLUSIONS 

Thrs research program has generated pertment 
crash test data whtch has been used to assess the 
crashworthmess and potentlal aggress~ty of typical 
vans. 

The SIX flxed barrier tests lndlcate that some 

. FMVSS 208 Injury crlterla were exceeded, even at 25 

=v 
mph. 

t The van dummy data for the eight tests, when 
* normallzed and cross plotted, mdlcated no strong 

difference In the crashworthlness of the two vans. 
However, the Chevrolet dummy data from the two 
van-to-car tests suggested that the Dodge van may 
be more aggressive than the Ford. 

The use of some structural response parameters 
(such as rnaxlmum post-test crush) may suggest ag- 
gresstvlty conclusions contrary to the results ob- 
tamed from an assessment of the dummy response 
parameters. 

FUTURE KESEARCH EFFORTS 

Data from these lnrtlal van crashworthlness and 
aggresslvlty tests were tnstrumental In the selectton 
of the Ford Econohne Van In the ‘Passive Restraints 
Development of Light Trucks and Vans,* Contract 
No. DOT-HS-9-02076. Early passive restraint tests 

of the Ford van Indicate potential problems In 
achieving acceptable occupant protectton perform- 
ance levels, especially with an out-of-positron 
child. To provide the Ford van occupants with a 
safer crash environment, the contract ‘Van 208 Exten- 
sIon,* Contract No. DTNH22-80-L-07179 was 

awarded to modlh the Ford van structure. The new 
structure will employ controlled energy-absorbing 
deformation features that WIII lengthen the crash 
pulse duration, and lower the maxtmum vehicle ac- 
celerations. 
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APPENDIX A - SELECTION OF CLOSING SPEEDS FOR 
CAR-TO-VAN TESTS 

The equivalent car-to-van closmg speed (V,) 
computed from a van-to-Flxed Barrier closing speed 
(VF) with van weight (WV) and car weight (WC) IS 
given bv 

Q-q .::wvl-’ (,) 

This formula IS derrvable from conservation of 
linear momentum, for a perfectly plastic collision. 
For the speciftc parameters associated with the 
Dodge Van, Ford Van, and Chevrolet Impala, Table 
A-l summarizes the pertinent data. 

It should be noted that Equation (1) IS derived 
on the basis of equal velocity change for the van. 
This does not result in equal velocity change to the 
car In the two car-to-van tests, smce the weights 
of the vans differ. The heavier van (Dodge) results 
In a higher velocity change for the car. 

It should also be noted that the closmg speed 
ckrlved from Equation (1) does not result In equal 
energy absorption In the van, as In the van barrier 
test. The vans generally crushed less In the car-to- 
van colhslons than In the 30-mph van-to-Fixed Bar- 
rier crash. 

Tabk A-l - Data for Computmg Car-to-Van Test 
Closmg Speeds 

VF WC VM 
Van Model (mph) (lb) (mph) ---- 

Ford Van 30.0 4,998 4,400 64.1 
Dodge Van 30.0 4,654 4,400 61.7 
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