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1.0 INTRODUCTION

This document presents the results of two Load Cell Moving
Barrier-to-Side Impactor crash tests, 8327-5.1 (0°) and 8327-5.2
(30°). 'These tests were conducted under Phase II, Task 5 of the

NHTSA "Test Device and Test Procedure to Assess Side Structures"

program (DOT-HS-8-01933). Table 1l-1 presents the Crash Test Ma-

trix for Task 5.

TABLE 1-1. TASK 5 CRASH TEST MATRIX

LCMB Closing
Test Test Test Weight Side Impactor Speed
Number Date Conditions (1b) Weight (1b) (mph)*
5.1 4/3/80 0° Head-on 3389 3404 29.33
Frontal Impact
5.2 4/23/80 30° Angular 3384 3416 29.18

Frontal Impact

*Side Impactor stationary.

1.1 TEST OBJECTIVE

The objective of these tests was to obtain data to analyze
and develop the force/crush characteristics for the Task 5
(DSL-1267) Energy-Absorbing Honeycomb face of the NHTSA Side Im-
pactor. The DSL-1267 face was developed from the data gathered

throughout the course of Phase I and Phase II crash testing which

supplied baseline automobile data and the force/crush characteris-

tics of earlier designs of the Energy-Absorbing Face (EAF). The
DSL-1267 EAF also incorporates features developed from the data

gathered during the Task 5 Static Component and Subsystem Tests.

-



l

The force/crush characteristics of the Task 5 EAF will be
compared‘ to the characteristics of the Chevrolet Citation (Phase
11, Task 3, Tests 8327-3.1 and 3.2) and to the characteristics of
the DSL-1172-10 EAF (Phase I, Task 4, Tests 8321-4.04 and 4.05).
These comparisons are presented in Sections 4 and 5 for Test

8327-5.1 (0°) and 8327-5.2 (30°) respectively.

1-2



2.0 TEST 8327-5.1 - LOAD CELL MOVING BARRIER-TO-SIDE IMPACTOR

AT (° (HEAD-ON FRONTAL IMPACT)
2.1 TEST DESCRIPTION

The vehicle configuration for this test was as shown in Fig-
ure 2-1, with the LCMB striking the stationary Side Impactor bogey.
The DSL-1267 FEnergy-Absorbing Face (Appendix E) was affixed to the
Side Impactor bogey. For the Task 5 dynamic crash teéts, approxi-
mately 600 pounds was removed from the LCMB to reduce its weight
to 3400 120 pounds. Additionally, the standard LCMB Load Cell Mod-
ule (Figure 2-2) has a 3/4-inch plywood face instead of the 1-1/2-
inch thickness used in previous tests in an effort to reduce the
inertia loads caused by the weight of the plywood and to reduce
the response time of the load cells. Instrumentation for the test

is documented in Appendix C.
2.2 TEST RESULTS
The data from Test 8327-5.1 are presented in Tables 2-1

through 2-9 and Figures 2-3 through 2-24 of this section. The

Calcomp plots are presented in Appendix A,
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TEST CONFIGURATION: Head-on, Symmetric

TEMPERATURE:

TABLE 2-1. CRASH TEST SUMMARY (TEST 8327-5.1)
TEST NO. 8327-5.1 CONTRACT: DOT-HS-8-01933(I1)
TEST DATE: April 3, 1980 TIME: 11:33

63 °F

VEHICLE NO. 1: Load Cell Moving Barrier (LCMB)

VEHICLE NO. 2: Side Impactor Bogey Vehicle

VEHICLE DATA VEHICLE NO. 1

VEHICLE NO. 2

Overall Length/Width (in.) 147/82.3
Test Weight by Wheel (1lb) LF 1112 RF 1105
LR 615 RR 557

Total Weight (1b) 3389

Wheelbase (in.) 102.9

Longitudinal C.G. (from Cen-

ter of Front Axle) (in.) 35.3

Impact Angle (deg)* 0

Center of Gravity-to-

Center of Gravity Offset

Distance (in.) 0

Car Speed (mph) "729.3

Maximum Resultant Velocity

Change (mph)** -16.2

Maximum Resultant
Compartment Acceleration
(G @ msec)

Maximum Mutual Dynamic Crush
(Film Data) (in.)
Maximum Static Crush (in.)

e Top of Stack Level
(32.6 in.)

e Center of Stack Level
(23.5 in.)

e Bumper Level
(17.1 in.)

Maximum Individual Load Cell
(B-6) Force (klb @ msec)

Maximum Total Load Cell
Force (klb @ msec)

INSTRUMENTATION
Number of Data Channels 44
Number of Cameras : 5

-25.5 @ 32%*%*

N/A
N/A
N/A

7.5 @ 26

76.4 @ 24

187.3/66

LF 1050 RF 1031
LR 666 RR 657

3404
120.7

46.9
0

+16.1

-26.1 @ 21***

8.7 @ 33 ms

N/A

N/A

*With respect to tow track centerline.
**Pilm data

!

N/A = Not applicable

***pyerage of Locations 1 and 2 - data unreliable(See Section 2.3)

2-4



WET R

-
p
i > o
' . Ly
- =
§ [
= T

- o 2 1 -

L] o =
& _ . Pprprmh il u (& e
R o Lo IR &
Y 3 F"JH? Sl }‘mﬂ T
e L] gy L
et e ) d . = S ) r-r:,'r’ e 115 Bl
b o ] LS S el : Pl = Y AL e

Figure 2-3. Pre-test Vehicle Configurations.

o
a
nl
m
=

Figure 2-4. View of Vehicles Shortly After Impact.

2-5




piIeg's

i » i
e e i—
“Ihd—

Aﬂnevn].:u?_'_ ' o

:.:,'.'_’_‘_'.:.-*5"““‘:.wr— it 8 sy i""@ﬁ"""‘h“

— T DAY .4:"'?-

Figure 2-5, Post-test Configuration of Side Impactor.

;MML

[H} CJ ("‘jl rrJ[ h

—I -

Figqure 2-6.

Post-test Configuration of LCMB,
2-h




7 )
=
n
m
a

. SIDE IMPACTOR' "¢
" TEST 8327-51 s

Figure 2-7. Pre-test Frontal View of Side Impactor.

Fiqure 2-8. Post-test Frontal View of Side Impactor.
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TABLE 2-2. CHRONOLOGY OF CRASH EVENTS (TEST 8327-5.1)
Vehicle 1: Load Cell Moving Barrier
Vehicle 2: Side Impactor Bogey Vehicle with DSL-1267 EAF
Time
(msec) Crash Event*
0 Impact (visual).
1 Bumper starts to intrude into stack.
5 Top of stack begins to separate from backplate.
'8 Maximum separation of stack from backplate; LCMB con-
tacts full Side Impactor face area.
10 Top of stack begins downward motion; top sheet begins
to buckle.
11 Stack recontacts backplate; Side Impactor bogey begins
rearward motion.
18 Top sheet begins to cut into top of stack.
26 Max imum downward displacement of stack top surface.
33 Maximum dynamic crush (8.7 in.) of face.
50- Vehicles begin to separate...

*From film data
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TABLE 2-3. SUMMARY OF LCMB ACCELEROMETER DATA (TEST 8327-5.1)
(0 < t < 250 MSEC)

Maximum ’ Max/Min Maximum
Acceleration Velocity Displacement
Accelerometer A Time \Y% Time S Time
Number* (G) (msec) (mph) (msec) {in.) (msec)
AlX** -26.1 30 17.5 - 57 84.4 250
B2X** -25.6 23 15.7 45 86.4 250
Average of
AlX and A2X** -25.5 32 16.6 45 85.4 250
A3Y 9.0 7 -0.2 250 l 3.4 230
A4y 4.1 9 0.1 13 -12.3 250
Average of '
A3Y and A4Y 5.0 9 0.8 31 -4.5 250

*Por location of accelerometers, see Figure D-1.

" *%Data unreliable, see Section 2.3.

TABLE 2-4. SUMMARY OF SIDE IMPACTOR ACCELEROMETER DATA (TEST
8327-5.1) (0 < t < 250 MSEC)

Maximum Max imum Max imum
Acceleration - Velocity Displacement
Accelerometer A Time v Time S Time
Number* (G) (msec) (mph) (msec) (in.) (msec)
Bix** -25.1 21 -12.5 244 _ -49.5 250
BOX** -27.0 21 -10.1 71 -40.1 250
Average of :
BlX and B2x** -26.0 21 -11.3 250 -44.8 250
B3Y 8.8 12 ~-0.2 8 7.7 250
B4y -8.7 34 -0.7 48 -0.2 82
Average of
B3Y and B4y 7.2 50 -0.2 48 3.8 250

*For accelerometer locations, see Figure D-2.
**Data unreliable, see Section 2.3.




9040, PSANSES| WNWTIXBWy A

0€2 v v b 43 g ¥ 4 ¥ PTT (o9su) aurtg
8T°0 ¥E€'zZ 6L°C S8°0 60°T T€°z  92°T  0T'T 2Z€°Z ¥0°'T (aT3) 90304
Y A €Y A Sy 9¥ LY 8¥ 64 0TY (*ON) TT®> peOT o
121 12 €T 4 sz - 9z v T 9T 14 S (oSsw) swtL &
LT°0 99°F 9T°L 8Z°¢ S8°Z «IS°L  0L°S  €¥°S €19 LT°0 (d4T¥) @104
T4 zd cd pd qg 9g Ld gd 6d otd (*ON) TT®D peoT]
el LT 184 ze . z2 vz sz ¥4 . 74 09 (oesu) suTy
80°0 vE'E  ¥S'E€  zo'e IT°¢€ 887 S6°€  66°C 8I'€E  09°0 (d41¥) @0104
0 . 20 €2 2] o) 90 LD 80 62 012 (*ON) TT2D prOT
S¥e 002 A v L6 9T 9T €T zz ¥ST (oosu) auty
ST'0  9%°0 8T°0 2Z°0 ¥9°0 b0 €9°0 290 9F'0  LT'0 (a1¥) @2104
1a za €a wa sa 9a La 8a 6a ota (*ON) TT®D prOT
I030vdwur JO 9pIS aaataq aojoedwl 3O aplg aabussseg A2j32weieqg

(T°G-LZ€8 LISIL) €WIT ¥Od ¥YI¥A TTID AYOT WAWIXYW JO XYYWWAS °S-7 IT9YL

_.
BN TN N N I B B BN BN B B D BE D D e B T .



*(T°G-£,7€8 3S3L) ¥ MOY UO SWIJ SNSIDA 92307 dWDT °ZT-2 2Inbld

OdSW - dWIL

00T 08 09 OY 0c 0

— — P T

0TV

zz€T|
6Y

I

¢01¢
‘8Y

09ZT |

LY

90¢ET

40EZ0 &S LZTED G8

) - 9Y

OdSW = dWIL

00T 08 09 0y 0¢ 0
| S S gy —emmae— e S,

a

680T -

°)°4

L8L

¥Y

1292 7

1304

2T1Z

[A4

YLYd MOT

1A

0T

0T

0T

0T

0T

JOJ04

12401

2-13



E0ETO0 ®&S LZEB 08

*(T°GS-,2€8 3S2L) g MOY UO SWTJ SUSIDA 92103 gWDT °€T-z 2anbtg

O3SW - JWIL

OdSH = JWIL

00T 08 09 052 0c
i —F T i 1] il
YIL¥Ad MO'1 L
0Td
i | 1 7
ZET9
64
[ T 1 T 1
PEVS |
8d
| o 1 1 T 4

80SL
- 98

08 09 0y 0¢ 0
| et T 1 |
6v8¢ -]
sd
T T T
08¢¢t ]
¥d
N
- T | 1
¥OTL
€d
— —f— T
£E98¥ 7
[4:!
T T T T
L
¥Ii¥d MO'T
14d

0T

0T

01

0T

0T

304904

g

2-14



*(T°G-LTEQ 3ISDL) O MOY UO DUTL SNSIIA 9DI0J dgWOT “FT1-Z @anbta

DHASW - AWIL DASW - FWIL
00T 08 09 (1} 0z 0 ‘ 00T 08 09 oV 0z oo
by ) g q. ) T i 1 I ) T
mm — 4J\ - )
¢ 11te 10T
01D G2
| S e ! C ) T T T 0]
-] —~ 071 '
6LTE 9T0€ ~
50 2%

-
U‘)“(
o]
N
o~ -
|
;
3
1
o
- a0304

0T

©
O
™
O
1S

TS6E 9¢tt
s Lo [4S]
® P ! T SN— T T T T T 0
q
p 8 -] . . —0T ]
: cese YIVA MOT
N
b 8D 10

' |
T OGS E N EE N N S OE BN N T EE B b BE O e =



- dWIL

i 1

09 k4 0c 0
T

YLYd MOT -

TSP -

30EZ0 «S £ZEB 09

*(T°G-LZEQ 3ISOL) O MOY UO BUTT mswum> 30x0J GWDT "SI~z 2anbtyg

OdSW - JWIL
00T 08 09 0p 0¢ 0
T T T T T
YIv¥d MOT1 L
sa
o T T T T
YILVYd MOT 1
¥a
I T T T T
YIYd MOT -1
ed
r T T T T
YLV¥d MOTI =
cda
{ I T 1 1
YIVYd MOT -
Ia

0T

0T

0T

0T

0T

a04904

9T

. . |
"SI N G mE BN UE BN A B i BN N TR BE En B B =l

2-16



: : *(T1°g-LC€8 3IS8L)
SWTJ SNsSI9p) 20104 TBIOL pur ‘uotbey xaddn ‘uotboy I9mMOTT 91—z Danbig

OdSNW = UNWIL

0rT 0€T 0CT OTT 00T 06 08 0L 09 0§ 0v 0t 0¢ ~. Ny
— TN~ et

0T

0¢

\ N
/ 0v

2-17

I0404

| ¥YIVJ TTID dYO0T WOHJd TINIWIILIA JDU0J : 09

|

HSOYD dovd "I°S
ODIWYNAQ WANIXVYW ——f—

o YU

g1

3 YOLOVANWT 108
~ qAIS gWDT

¢ 20404 NOIDIY WTdd[) —— = === AO¥Od J0 NOTLOAMIQ <——

o [ @0¥0d NOIHTY YIMOT —— —=—— — 106
o dOU0d IVL !

5 _ | d | o.H__ _ NOTIWMNDTANOD LSAL o0

| 1 1 A 1 1 1 OOH

S . |
]
S N N O N P B S BT BN B E e B BE bE e Bm m



: *(1°S-L2€8 3ISSI) O3sw g 3e
UOT3INAIIISTQ peoT 30edwWl TRIUCII UO-pesH 1030edW OPTS-03-gWDT - *LI-z 2InbTa

(8WD'T J0 ¥YVIY WOHJI MIAIA)

A ﬁ
g°8
FAMAD AVOT TVIOL NI MVId ISHId - Da8W §  dION
SL°T2| ¢
6-0zt [
11
i
v
[o o]
—
]
oN
Y 1€ T O D - N -G T 1" " eq
I ! / 11
|
| |
. e e £2 b0 e 9O | o 80 / 60 |l oo
| T
- - T — IIPIIF ||||| e W\ !
% | !
_.||.|.||l llllllllllllllll |.|.I|N llllllllll —_ e e
“ y 1q za : £ ba sa @m\ LQ sa | \sa 01d
~ \
s FIVIE WANTWATY o2 YAWNE 40 dOL
0
(871)
(€7) F0oWod TIID avol 005 L avol
ST $aNEOFT




(T°S-£7€8 3S91) 29SW yZ 3IB UOTINGTIISTA PrOT
3oedur Te3UOIJ UO-peESH IojoedwWI SPTS-03I-dWDT

*8T-¢ @anbty

(dWIJT J0 ¥YId WOdd MIIA)

i ! a
$* 8
TAMND A¥OT TVIOL NO X¥Ad ANODIS = D3ASW vz *IION
Y
seozz|h " 1]
IR AR 085 L6 6091 L09 s09'T | ezt Tl |
6°02 B It ittt St i e Rntehen) bt i
143 4] £Y vy S¥ 9y LY 8y 6v | oTvY
[o)]
—
|
N
£S _Tet’9 1
Y 14 69 % 01d
2 6L1°¢€ 69
= s 62 012
5 sLTet \
o —_———d
” I.vHv L
. -
= v 1a 60 01a

dIdNNE 30 dO&

JIYTd WONIWAQTY 2

(d71) d0¥0d TIID A¥0T

SANJO3IT

: , ]
T I N - BN I O N I B B BN B B B B En EE Ea



*(T°G6-L2E8 3ISd®L) DO°sw Zg 3e
UOTINGTIISTY peo] 3oedwl [BIUCIJ UO-pedH I03dedwI IPTS-03-dWIT ‘61-7 2anbtg

{gWOT JO YVIY WOHd MIIA)

A 4
5 8 AAMND QYOT TYIOL NO V34 QHIHL = D3SW ZE :dEION _
sLUze) |
! | |
) I LA L2 T3 A S S -1 _
6'0¢ v 0Tv
~
_ {
z9 €0z’ | _90z'9 | €66°7 | 108’z [ cep’y | 9Tn'S | LTI’S | 196'S ] -
Y 18:4 ! [4:! £d vd qg a9d Lg BYE 69 %l ot14g
B L
|eet’e | e9s’e 9T0°‘¢€ LoL'z L8y‘e Lv9'e Z1s'2 0s0'¢ “ 881
cL' 82 0 | 2 £2 vo i 9 % | 82 60 [ o12
! _ 1 ! |
- 39 [T et [ vt | veT _
= Y 1q . za ; £a va | _sa L oaa \r La sa [ _eax M o1a
3 / \
pe ALYId WANIWATIY ,2 ¥ddwnd 40 doL
Nt
ot 0
- (g713)
avol
3
(€7) FDM04 TIID GYOT 00sL  |cp \ aNgoTT




COLUMN
0 1 2 3 4 5.6 7 8 9 10 =
- ' o
f [ o
; s
I b
! | ©
200 -4 - 1" - : N
' N ! @
U 1
[Py] |
m .
= 1
} t
! | [
1] 40 '
8 .- !
£~ \-\, ' L
60f - |
~\\::> | !
80 JD Biosure ~ S0 DURUUN DU S Ao 1 I
-33  -16.5 0 +16.5 +33

INCHES FROM CENTER
a) Horizontal Centroid of Load Cell Force

+14.5 ; \ } . ROW
; © D
) : |
+7.25 ] - —t—-
; ‘ ]
i \ t - C
U 1
= . .
2 0
<9
3]
Z
H -7.25
' A
! .
-14.5 T T T |
'/ 20 40 B0 BO
-~ - : ; TIME-MS : ‘

b) Vertical Centroid of Load Cell Force

Figure 2-20. Centriod of Load Cell Force for LCMB (Test 8327-5.
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TABLE 2-6. SUMMARY OF GROUPED LOAD CELL DATA (TEST 8327-5.1)

Passenger Side Center of Driver Side
Parameter of Impactor Impactor of Impactor
‘Load Cells (No.) D8 - D10 & D4 - D7 & D1 - D3 &
- (C8 -~ Clo c4 - C7 Cl - C3
Force (klb) 6.69 13.74 6.49
Time (msec) 24 23 18
Load Cells (No.) - B8 - BlO & B4 - B7 & Bl - B3 &
A8 - AlO A4 - A7 Al - A3
Force (klb) 13.80 23.15 » 14.93
Time (msec) 33 32 26

TABLE 2-7. COMPARISON OF TOTAL LOAD CELL FORCE FROM LOAD CELL
AND ACCELERCMETER DATA (TEST 8327-5.1)

LCMB Inertia Side Impactor
LCMB : Acceleration Acceleration
Parameter Load Cell Data* Datat Data**
Force (1b) 76,380 86,768 88,414
Time (msec) 24 32 28

*Sum of 40 load cells.

tAverage of LCMB accelerometers 1 and 2 times LCMB weight.
**pyverage of Side Impactor accelerometers 1 and 2 times Side

Impactor weight, in direction of LCMB.

Note: LCMB and SI longitudinal accelerometer data unreliable (see
Section 2.3)

2-22



"{T°S-Lz€8 3Isal) e3aeq

J930WOIDTI0OY S©TOTYSA pue TI=3D PROT WOIg 32104 Te3I0L JO uostaedwo)d *Tg-g 2anbtg
OFSW - EWIL

06T OPT DOET 0ZT OTT 00T 06

08 0L 0NN 0F 0E 07 0T 0
N / |
N\ \ ‘ | {
ANV ot
o] [
< “ 1 _ ON
MR
N
_ ” A (-oe
1 ?
i i 11 Q
< (£°z NOILLOIS FHS) FTEVITIIND A { { Hi\—oy A
YIVAd YILINOYITIOOVY | | o
TYNIQALIONOT IS 3 WEDT :JLON | a
. ) . \ . i N i 0S o]
| H ]
_ __ ! \ !
™
T 30¥0d VILYENI YOLOVIWI IAIS — ——= — i / 09 e
I0Y0d YIINMIANI dWOT —=—— | \
AON0I TIID AY¥OT TIYLOL gWDT "
® . _ 0L
- ~ — _ \ \/—*\\
3 ) \ YR 08
UOLOVANT \, 1
p 4dIS  gWOT - \
- dA0¥0d JO NOILOTEIQ = \
R - 06
N
w NOIILWINDTANOD ISIL o0
1 1 [} L 1 1 1 OOUH

. m



.mumﬂm WZ 3O 2bps oeq 3JO paemaold ,0f dueTd 2I0UaA23I3Y
uor3Tsod a9ATAP a030edWll 9PTIS WOII,

-  6°L 6'L 6°L 6°L 6'L 6°L 0°'8 0°8 08 0°8 0°8 0'8 6°L - T°0- 12497 aadung
9°S - ¥'S S°S 9°G S'S 9°S 9°S G°S ¥°S ¥°S ¥'S ¥'S - TS 1'I- 12437 ¥2e3s-PINW _
€€  ~ €£'€ €€ €£'€ €'€ €°¢ €'¢€ '€ S'€ 9'€t 9'¢ 9't -~ 9't G§'T- 12497 3de3s 3o dog
A.Cﬂv ysna) O13e3s
-~  G°LT $°9T ¥°9T #°9T ¥°9T7 $°9T ¥°91 S°9T $°97 697 6°97 G'9T ¢°LT - 0°LT Toad7 aadung
2'8T - 0'8T T°8T Z°8T T1'8T Z°8T Z2°8T 1°81 0°8T 0°8T 0°8T 0°8T -  8°LT ¥°2C T3A37 YO®v3IS-PINW ~
2°9T - 2°9T 2°9T 2°9T 2°97 2°97 2°9T €791 $-9T S°9T §°9T §°9T -  S°9T T-T€ Taaa] yoe3s jo dog A
(*utr) sjuswaansesaw 3Sa3-3sod
-~ 9°6 G'8 G'8 &°8 G6'8 G'8 S8 S8 §'8 G°8 §°8 S8 G°6 - T°LY Taa97 aadung
9°ZT -+ 9°2T1 9°CT 9°2T 9°TT 9°2T 9°TT 9°2T 9'2T 9°2T 9°2T 9°21 - 9°CT G°¢€¢C Taa27 YOv3IS-PIW
6°21 - 6°27 6°'2T 6°C21 6°2T 6°21 6°C1 6°ZT 6°Z1 6°21 6°C7 6°271 ~-  6°T2T 9°2¢ 1an37 3oeis jo dog
(*UT) s3juswaansesdy 3Isa3-aid
€€ € 0E ¥Z BT TZT 9 0 9 2T 8T #¥Z 0E z€ €€ (°utm) uoT3ed07
«(-Uut) a93u3)d ) £ ("UT) a33ud)d 3 3e
30 3ybty adue3stq Jo 3397 8due3lsiqa 3ubray

(T°6-L7€8 IS3L) HOLOVAWI dAIS ¥Od HSAHD DJILVLIS HOIY3ALXd °*8-Z7 JTEYL

|
I I BN I T D TN BN BN BE BE B B BE B BE e B .



0° TEST CONFIGURATION &——— PRE-TEST
v PROFILE
(o] >
. e erea— POST-TEST
LCMB SIDE PROFILE
IMPACTOR

TOP OF

STACK

LEVEL = mmmeeeeseeme s e -

REFERENCE PLANE

VEHICLE FRONT
(DRIVER SIDE}
36 3024 1812 6 0 6 12 18 24 30 36

INCHES
MID-STACK
LEVEL ——— e e
b REFERENCE PLANE
VEHICLE FRONT
(DRIVER SIDE)
36 30 24 1812 6 0 6 12 18 24 30 36
INCHES
BUMPER
LEVEL
A e e e e e e e e —————————
-~ 4

REFERENCE PLANE

" VEHICLE FRONT

(DRIVER SIDE)
36 30 24 18 12 6 0 6 12 18 24 30 36
INCHES

_ NOTE: FOR PROFILE POINT LOCATIONS, SEE FIGURE D-3

l

Figure 2-22. Pre- and Post-test Profiles at Top, Mid, and Bumper
Levels of Side Impactor.
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TABLE 2-9. SUMMARY OF SIDE IMPACTOR STRING POTENTIOMETER DATA
: (TEST 8327-5.1y)
Maximum Dynamic
Displacement Displacement Residual Static
Potentiometer D Time Displacement
Number* (in.) (msec) (in.)
1 6.4 36 5.7
2 7.7 36 7.0

*For string potentiometer location, see Figures D-2 and D-3.
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2.3 SUMMARY AND CONCLUSIONS

The longitudinal acceleration on the LCMB and the Side Im-
pactor are included in this report but these data are considered
unreliable due to clipping aﬁd attenuation of the higher than ex-
pected accelerometer signals during the crash. This anomaly re-
sulted in reduced vehicle velocity changes not consistent with
the dynamics of the crash event (15-16 mph). The longitudinal dis-
placement data used for generating plots involving displacement

were obtained from high speed film analysis.

Table 2-10 shows the comparison of the initial impact velocity
obtained from film analysis and the velocity change for each vehi-

cle derived from film analysis and from integration of load cell

data. The impact velocity for the crash was 29.3 mph, verified

within 0.1 mph by two primary speed traps and two back-up sources

recorded during the test.

TABLE 2-10. COMPARISON OF VELOCITY DATA (MPH)

Data Source
S.I. Driver S.I. Driver S.I. Passenger

Side C/U Side O/A Side C/U Load Cell
Vehicle Camera Camera Camera Impulse
Initial Velocity
e S.I. 0 -0 0 NA
e LCMB 29.05 29.02 28.81 NA
AVelocity Change
e S.I. : 15.3 15.9 15.7 14.9
e LCMB 16.2 16.1 16.0 15.0

During the initial impact of the bumper with the LCMB, the
honeycomb crushed above and below bumper level because of the load

transfer to the .032" thick aluminum face sheet. The top surface



of the honeycomb was pulled downward and sheared from the back

plate when the 8" horizontal leg of the face sheet buckled.

To verify the lcad cell data for the crash, the energy (area)

under the load cell force/crush plot was divided by the dynamic

crush volume of the honeycomb. The average honeycomb crush strength

was computed as 46 psi which is reasonably consistent with the
impactor face honeycomb. Two samples tested by Hexcel of the
honeycomb material used in this impactor face had crush strengths

of 45.7 and 45.8 psi.
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3.0 TEST 8327-5.2 - LOAD CELL MOVING BARRIER-TO-SIDE IMPACTOR AT
30° (ANGULAR FRONTAL IMPACT)

3.1 TEST DESCRIPTION

The vehicle configuration for this test was as shown in Fig-
ure 3-1, with the LCMB striking the stationary Side Impactor Bogey.
The DSL-1266 Energy Absorbing Face (Appendix C) was affixed to the
Side Impactor Bogey. As in Test 5.1, vehicle target weights for
each vehicle were 3400 + 20 1lb, and 3/4 inch plywood load cell
impact faces were used on the LCMB. Additional instrumentation
was added to both vehicles after Test 5.1. The instrumentation

setup is documented in Appendix D.
3.2 TEST DATA

The data from Test 8327-5.2 are presented in Tables 3-1
through 3-8, Figures 3-2 through 3-29, and Appendix B (Calcomp
plots).
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TABLE 3-1. CRASH TEST SUMMARY (TEST 8327-5.2)

TEST NO. 8327-5.2 CONTRACT: DOT-HS-8-01933

TEST DATE: 4-23-80 ' TIME: 13:25 TEMPERATURE: 62 °F
TEST CONFIGURATION: 30° Angular Frontal Impact

VEHICLE NO. l: Load Cell Moving Barrier (Bullet)

VEHICLE NO. 2: Side Impactor Bogey Vehicle (Target)

VEHICLE DATA VEHICLE NO. 1 VEHICLE NO. 2
Overall Length/Width (in.) 147 82.3 187.3 66
Test Weight by Wheel (lb) LF 1082 RF 1128 ©LF 1035 RF 1052

LR 592 RR 582 LR 663 RR 666
Total Weight (1lb) 3384 3416
Wheelbase (in.) 102.0 120.7
Longitudinal C.G. (from Cen-
ter of Front Axle) (in.) 35.4 47.0
Impact Angle (deg)* 0° 30°

Bullet Vehicle C.G. to Target
Vehicle C.G. Perpendicular

Distance at Impact (in.) _ 17.5
Car Speed (mph) " 29.18 0.0
Maximum Resultant Velocity
Change (mph @ msec)** 17.71 @ 69. 18.73 @ 87
Maximum Resultant Compartment
Acceleration (G @ msec) 29.54 @ 49 35.83 @ 50
Maximum Mutual Dynamic Crush
(Corrected Accelerometer Data) 17.0 in. @ 55 msec
Maximum Static Crush (in.)

e Top of Stack Level NA 14.0

e Center of Stack Level NA 13.9

e Bumper Level NA 15.2
Maximum Individual Locad Cell
(B-6) Force (klb @ msec) . 8.238 @ 15 - NA
Maximum Total Load Cell
Force (klb @ msec) 53.029 @ 46 NA

INSTRUMENTATION

Number of Data Channels 45 14
Number of Cameras 5

*With respect to tow track centerline.
**pccelerometer Data (Avg Location 1 & 2 on LCMB, Avg 6 & 7 on S5I)
NA = Not Applicable




Figure 3-2, Pre-test Configuration of Vehicles (Test 8327-5.2).

Figure 3-3. Post-test Configuration of Vehicles (Test 8327-5.2).
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Figure 3-4. Pre-test Frontal View of Side Impactor (Test 8327-5.2).

Figure 3-5. Post-test Frontal View of Side Impactor (Test B327-5.2}.




Figure 3-6. Pre-test Side View of Side Impactor, Showing Bumper
Matchup with LCMB ({(Test 8327-5.2).

Fra e T ) e
Byt i e W e

Figure 3-7. Post-test Side View of Side Impactor (Test B327-5.2).
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Figure 3-8. Post-test LCMB Configuration (Test B327-5.2).
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Figure 3-9. Post-test Side Impactor Configuration (Test 8327-5.2).
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Figure 3-10. Area of Bond Failure on EAF Facesheet (Test 8327-5.2).

Figure 3-11. Area of Bond Failure on Back of Bumper (Test 8327-3.2).
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TABLE 3-2. CHRONOLOGY OF CRASH EVENTS* (TEST 8327-5.2)

Vehicle 1: Load Cell Moving Barrier
Vehicle 2: Side Impactor Bogey with DSL-1266 EAF

Time
(msec) Crash Event
0 Impact (visual).
1 Bumper starts to intrude into stack.
6 LCMB strikes full stack.
15 LCMB strikes momentary impact switch,
22 Side Impactor Bogey begins rearward motion.
43 LCMB strikes 2 inch mounting plate on SI Bogey.
46 EAF bumper begins to separate from facesheet.
48 Stack separates from backsheet,
54 Maximum stack separation from backshect,
55 Maximum initial bumper separation.
61 Stack re-contacts backsheet.
62 Minimum bumper‘separation.
71 Vehicles begin to separate.

*Film data - Average of the various views.
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TABLE 3-3. SUMMARY OF LCMB ACCELEROMETER DATA (TEST 8327-5.2)

(0 < t < 250 MSEC)

Maximum- Minimum Max imum
Acceleration Velocity bisplacement
Accelerometer A Time v Time S Time
Number* (G) (msec) {mph) {msec) (in.) (msec)
AlX -29.5 48 11.5 77 64.4 250
A2X -30.8 51 11.1 67 65.5 250
A3X -29.4 51 8.6 250 - 60.9 250
Average of
AlX and A2X -29.5 50 11.5 70 65.0 250
A3Y -10.7 53 -4.0 76 -10.4 250
MY 4.0 40 -0.8 242 1.4 162
Average of
A3Y and AdY -1.7 177 -4.9 250

-4.9 53

TABLE 3-4. SUMMARY OF SIDE IMPACTOR BOGEY ACCELEROMETER DATA
(TEST 8327-5.2) (0 < t < 250 MSEC)
Maximum Max imum Maximum
Acceleration* ‘Velocity* Displacement®*
Accelerometer A Time \Y Time S Time
Number?* {(G) (msec) (mph) (msec) (in.) {(msec)
B1X -27.4 50 -14.7 250 -52.5 250
B2X -32.9 50 ~16.0 65 -57.4 250
B4X -29.3 51 -14.2 64 -47.0 250
B5X -29.7 51 -15.5 76 -52.8 250
B8X -27.1 50 -16.6 240 -57.8 250
B9X -33.2 50 -17.5 240 -62.6 250
B10X ~-37.4 49 ~-17.4 238 -61.4 250
Average of
B1X and B2X -30.2 50 -15.3 66 -54.9 250
Average of '
B8X and B9X -30.1 50 -17.0 240 -60.,2 250
Average of ,
B5X and B10X -32.9 49 -16.0 65 -57.1 250
. B6 (30°) -33.1 50 -18.0 87 -63.7 250
B7 (30°) -38.6 50 -19.5 82 ~-68.8 250
Average of
B6 and B7 (30°) -35.8 50 -18.7 87 -66,2 250
B3Y 19.3 49 10.7 55 35.1 250
B4Y 15.8 55 4.3 93 9.7 250
B10Y 28.3 46 11.2 51 31.8 250
Average of ‘
B3Y and B4Y 7.2 62 22.4 250

12.6 50

*Note: Negative X values are toward rear of bogey.
values are toward right of bogey.

Positive Y
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3-20. Centroid of Load Cell Force for LCMB (Test 8327-5,2)
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TABLE 3-6. SUMMARY OF GROUPED LOAD CELL DATA (TEST 8327-5.2)

Passenger Slde Center of Driver Side
Parameter of Impactor Impactor of Impactor
Load Cells (No.) D8 - D10 & D4 - D7 & Dl - D3 &
cg - Clao c4 - C7 Cl - C3
Force (1lb) 483 20,195 883
Time (msec) 3 48 112
Load Cells (No.) B -Bl0O & B4 - B7 & Bl - B3 &
' A8 - AlOQ a4 ~ A7 Al - A3
Force (lb) 11,507 25,369 315
Time (msec) 43 46 148

TABLE 3-7. COMPARISON OF TOTAL LOAD CELL FORCE AND ACCELEROMETER
DATA IN DIRECTION OF THE LCMB (TEST 8327-5.2)

.. LCMB Side Impactor
LCMB Load Cell Acceleration Acceleration
Parameter Force Data?* Datat Data**
Force (1lb) 53,029 99,944 110,790
Tinme (msec) 46 50 50

*Sum of 40 load cells. Column 4 load cell forces lost during
contact with 2 inch mounting plate (see note - Figure 3-21)
taverage of LCMB accelerometers 1 and 2 times LCMB weight.

**x [Average of SI accelerometers 1 and 2 (cos 30°) plus average
of SI accelerometers 3 and 4 (sin 30°)] times SI weight.

&
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30° TEST CONFIGURATION — — — - POST TEST
PRE-TEST PROFILE

)

LCMB ~  SIDE
IMPACTOR
: €

80 8327 SN 02M13

TOP OF STACK LEVEL
PLANE OF

IMPACT

REFERENCE PLANE

VEHICLE FRONT
(DRIVER SIDE)

] } i { 1

4 3 ) ] Il : + 1
T 1 T 1 t T T 1 t T 4 1 t
36 30 24 18 12 6 0 6 12 18 24 30 36
INCHES

MID-STACK LEVEL

g,

PLANE OF
IMPACT

REFERENCE PLANE

VEHICLE FRONT
(DRIVER SIDE)

A . e 1 1 % 3 1 } 1 1 1 1 i
N3¢ 30 24-18 12 6 0 6 12 18 24 30 36
INCHES

A=MAX. STATIC CRUSH IN DIRECTION OF LCMB
B=MAX. STATIC EDGE CRUSH IN DIRECTION OF
. SIDE IMPACTOR 30°
C=MAX. STATIC IMPACT POINT LONGITUDINAL
DISPLACEMENT IN DIRECTLON OF SIDE
IMPACTOR

PLANE OF

(POST-TEST) ,
17.3 IMPACT

BUMPER LEVEL

LN

Vo -.—-% /
REFERENCE PLANE IMPACT POINT

VEHICLE FRONT

{DRIVER SIDE)

1
L

i 4 L [} 1 'y 1 i e 3 1 1
1] 1) L] L] L4 L] L4
36 30 24 18 12 6 0 6 12 18 24 30 36
INCHES

-

NOTE: FOR PROFILE POINT LOCATIONS, SEE FIGURE D-3.

]

Figure 3-22. Pre- and Post-test Profiles at Top, Mid Stack, and Bumper
Levels of Side Impactor (Test 8327-5.2).
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3.3 SUMMARY AND CONCLUSIONS

Due to the attenuation of some vehicle accelerometer data in
Test 8327~-5.1, additional accelerometers were installed on the
Side Impactor Bogey in both the longitudinal and in the direction
of the LCMB impact for this test. After investigation of the
accelerometer data, it appears that no anomalies occurred during

this test.

To verify the time when the SI face crushed seven inches in
the impact direction of the LCMB, a momentary switch' was installed
on the SI vehicle. The switch activated at 15 ms after impact.
The mutual crush'obtained from accelerometer data at this time was

7.4 inches.

During the impact, the LCMB totally crushed the SI face and
bottomed out on the two-inch face mounting plate at Ehe impacted
corner. The simulated honeycomb bumper bent at the approximate
centerline of the face paralleling the same crush mode as the rest
of the face. The 231 PSI crush strength honeycomb in the bumper
structure crushed one inch along the impacted area. The bumper
bond to the front skin of the face failed during bottoming out of
the honeycomb, causing complete separation of the bumper later in
the crash event. Upon contact of the LCMB into the two-inch alumi-
num SI face mounting plate, the load cells in column four were
impacted near the edge of the load cell impact plate resulting in
loss of load cell data when the plate contacted the load cell
bolts. The load loss during béttoming out accounts for the differ-
ence in the load cell force versus inertia loads of the two vehi-

-

cles in Figure 3-22.
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4.0 COMPARATIVE ANALYSIS OF TEST RESULTS (TEST 8327-5.1)

4,1 INTRODUCTION

The LCMB load cell data/S.I. face crush from this test were
analyzed in order to compare the impactor response with that of
the 1980 Chevrolet Citation (Test 8327-3.1) and the previous Side
Impactor face (Test 8321-4.05). Table 4-1 presents a summary of

their respective test conditions.

TABLE 4-1. COMPARISON OF TEST CONDITIONS FOR SIDE IMPACTOR
AND CHEVROLET CITATION TESTS

Impact
Bullet Vehicle Target Vehicle Speed Angle
Test No. Weight (1b) Weight (1b) (mph) (Frontal)
8327-5.1 LCMB S.I. (Phase II) 29.3 0°
(3389) (3404) .
8321-4.05 LCMB S.I. (Phase I) 30.2 0°
(3994) (3798)
8§327-3.1 LCMB Chev. Citation 40.2 0°
(3991) (3179)

For comparative purposes, the load cell data/car or impact
crush were grouped into the total load cell face, lower load cell
region (rows A and B), corresponding to the bumper region and upper

region (rows C and D) corresponding to the region above the bumper.
4.2 COMPARISON OF TEST 8327-5.1 WITH TEST 8321-4.05

The comparative force/crush plots for Phase II, Test 8327-5.1
and Phase I, Test 8321-4.05 Side Impactor faces are presented in

Figures 4-1, 4-2, and'4—3. The Side Impactor face for Test

8321-4.05 was designed in Phase I of this program to simulate the

4-1



*150°p-1Z€8 pue
T°G-LZE8 S3IS9I) YsSnliD snsIap 20104 Te3ol jyo uostxedwop *T-p aanbtyg

“NI - HSED

0 8T 9z ¥z zZz 0T 8T 9T $T ZI 0T 8 9 b Z 0
: 7 > —
X X
/ / A/l
7/
| 1
X / X
X [ X /
| T 0¢
N v
Vm \/\ o h
X i \ &
| O¥ =
X 3
(S0 V-TCE8) ¥IL¥A X \ M
— YILIWOYTTIOOV @ F \\ 05 £
(T°6-12€8) xlx\./x\lx,(x !
- STSATUNY WIId ® 09 7
:WOMJ QIANIYIHO HSNYD \ w
‘¥I¥d TTI0 avoT Woud )
— QEANIWIIIAQ FO¥0d T r/?\\\\ 0L

r (HaAW z°0€) "4OLOVANWI 08
G0V LSHL) YOILOVIWI HAIS —— X— qATS
(s0°v ) (HaN € 62) HSN¥D ANV dD¥0d 40 NOTLOZNIQ == gnot
- (T'G6 ISJL) YOLOVAWI dJdIS -9, dos
)

6TET0 &S L2E8 08

7 _ _ 7 _, _ _ NOTILWMNDIINOD LSIAL o0
‘ . . . . , ) . X . 00T

. |
Illlllllllllllllll-



. *{G0°v-TzEg pue
T°G~LZ€8 S3ISaL) YsSnI) SNSIDA 30103 uothay aamoT 3o uosTtaedwo) °z-p 2aInbig

*NI - HSONYD
92 vz 22 02 8T 9T %I 2T  OT 8 9 b z 0
. 7
T
X
e A 0T
ﬁl.xuuHUI \\x x//x
0z
= N—x~
: o€ T
{G0°¥-T2E8) WINQ 4
YILIWOYITIDOY ®
- (1°5—-.2¢€8) = 0y m
SISXTUNY WIId ® \\\\\ 3
@]
L :Oo¥d QINIYIEO HSMYD . 7 o< b
*YIVd TIED a¥0T WOud |
QANTWIELEA TOUOd s
. o
- {HAW Z°0€) 09 o
(50°V ISAL) YOLOVIWI QIS =——X=—
{HAW €£°62)
T 1T°S ISAI) YOLOVAWI ddIS 0L
- YOLOVANI —os
< JAIS :
HSO¥D ANY ID¥04 40 NOILOIYIQ < gWOT
o )
o - >- lom
w NOILWINDTIANOD ISHL o0
” _ _ : . _ L ; : ; . 00T

i
HE Il = =N =N N N O SN B SE B B B BE B B W e



. *{60°py-12€8 pue
1°S-.2¢8 S3IS9IL) YshaD snsaaA 90304 uothsy xaddpn 10 uostaerdwo) ‘*¢-p aanbig

‘NI - HSMIO

0t 8¢ 9 24 A4 0z 81 9T Al AN 0T 8 9 [ Z
7
X X
! /{
R X
V.A \ 0T
_ X
02
| /
(50" y-TCEB) WIVd \x //\\

I LIROYITIOOY @

L
(1°6-L2€8) r\\xl‘x\/x/\ &

SISXRIYNY WIIJd ®

{WOMA QANIVIEO HSOUD v
‘wIvd TIED aY¥0T WOdd . 3
QEINIWJILIA IDU0J P
1 ' 1 [ . Om 1
{Haw z - 0¢€) \
{S0'V 153L) YOLOVdAWI JQIs —X— .
(HdW €°62) 09 G
> (1°G 1S3L) UOLOVAWI HAIS w
o HSOMD ANV MOLOVAWI - —os
S 204904 J0 NOILDIUIA —~—— JdIS 8N
i <~ o8
>
w NOILWYNDIANOD LSAL o0
3 | | | L

| ] | I 06

I
Il I N &N BN B BN I BN BE BN B B BE BN T e S e



the frontal load/crush structure of a 1979 Oldsmobile Cutlass at
0 degrees. The Side Impactor requirements in Phase II were re-
defined to reflect the continuing downsizing of newer designed

passenger cars, i.e.; 1980 Chevrolet Citation.

The total force/crush plots of these two tests show higher
peak forces occurring earlier for Test 8327-5.1 during the initial
bumper crush phase, and secondary force pulse during the later
part of the crush. The generally higher loading is reflected in a
significant reduction in the total crush distance. As might be ex-
pected because of the differences in the total force/crush plot of
these two honeycombed faces, the load/crush phase relationships for

the lower and upper regions show similar differences. However,

‘the lower region shows higher loading and the upper region shows

lower loading for the current Test 8327-5.1 than in Test 8321-4.05.
4.3 COMPARISON OF TEST 8327-5.1 WITH TEST 8327-3.1

The 0 degrees frontal impact load cell force plots for the
total, lower, and upper regions for Tests 8327-5.1 and 8327-3.1
are presented in Figures 4-4, 4-5, and 4-6. It should be noted
that the impact speed of the Chevrolet Citation was 40 mph in Test
8327-3.1, compared to the nominal.30 mph impact speed for the side

impactor test.

VThe total force and lower rcgion force of these tests show a
characteristic steady rise in load when the bumper is contacted,
followed by a slight decrease in load, and then increases to a
peak load near the final phase of the impactor/vehicle crush. The

load Peaks for these plots for the Citation (3.1) and Phase II
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impactor (5.1) show comparable levels, although their peaks occurs
at somewhat differenct values of crush distancg. Also, the force/
crush slopes are slightly steeper for side impactor Test 8327-5.1.
Because of the difference in-impact speeds for the two tests, a re-
duction in the total crush would be expected for the 30 mph side
impactor test. (However, it is not expected that the force/crush
slope for the Citation would be appreciably affected by this dif-

ference in the initial impact velocity.)

In comparing the upper region force/crush plots, the peak
load for the Test 8327-5.1 impactor and the Citation are the same
magnitude. However, the load pulses initiate at noticeably differ-
ent crush distances, with a substantial difference in the force-

crush slopes (the impactor slope was much steeper).

The comparison of Tests 8327-3.1 and 8327-5.1 are quite sim-
ilar except for the crush distance at which the two characteris-
tics force-crush pulses occur. To provide a better correlation of
the impactor face and the Citation, additional force/crush plots
(Figure 4-7, 4-8, and 4-9) were generated for comparison by shift-
ing the initiation of the impactor loading curve by four-inches of
crush distance. This is physically equivalent to adding four
inches of soft material (on) in front of the bumper. It is as-
sumed that the Citation load/crush curve would not be substantially
altered except for reduction of the later load-crush area if the
impaét speed were reduced from 40 to 30 mph. The impactor face
for Test 8327-5.1 could be modified to produce this force/crush
response by adding four inches of foam or weak honeycomb in front

of the existing bumper structure in the lower region.

-

4-9
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5.0 COMPARITIVE ANALYSIS OF THE TEST RESULTS (TEST 8327-5.2)

5.1 INTRODUCTION

The LCMB load cell data/SI face crush data from this 30°
impact angle test were analyzed in order to compare the impact
response with that of the 1980 Chevrolet Citation (Test 8327-3.2)
and the previous design Side Impactor face (Test 8321-4.04).

Table 541’presents a summary of their respective test conditions.

TABLE 5-1. COMPARISON OF TEST CONDITIONS FOR SIDE IMPACTOR
AND CHEVROLET CITATION TESTS

Impact
Bullet Vehicle Target Vehicle Speed Angle
Test NoO. Weight (1b) Weight (1b) (mph) (Frontal)
8327-5.2 LCMB S.I.(Phase II) 29.2 30°
(3384) (341e6) .
8321-4.04 LCMB S.I. (Phase I) 30.5 30°
(3994) (3798)
8327-3.2 LCMB Chev. Citation 29.7 30°
(3991) (3214)

For comparative purposes, the load cell data/car or impact
crush were grouped into the total load cell face, lower load cell
region (rows A and B), corresponding to the bumper region and upper
region (rows C and D) corresponding to the region above the bumper.
The load cell versus face crush are plotted by three different

methods:
(1) Load cell force/crush in the direction of the LCMB impact.

(2) Load cell force/crush in the direction of the SI vehicle
corrected to the static edge crush.

~(3) Load cell force/crush in the direction of the SI vehicle
corrected to the longitudinal displacement of the impact
point of the impactor face.



I

5.2 COMPARISON OF TEST 8327-5.2 WITH TEST 8321-4.04

The comparative force/crush plots for Phase II, Test 8327-5.2
and Phase I, Test 8321-4.04 Side Impactor faces by the above men-
tioned methods are bresented in this section. The Side Impactor
face for Test 8321-4.04 was designed in Phase I of this program to
simulate the frontal load/crush structure of a 1979 Oldsmobile

Cutlass at 30 degrees.

5.2.1 Load/Crush Comparison in the Direction of the LCMB
(Tests 8327-5.2 with Test 8321-4.04)

The total, lower, and upper regions load/crush in the direc-
tion of the LCMB are presented in Figures 5-1, 5-2, and 5-3. The
total and lower load regions are similar to 4 inches of crush, the
slope of Test 8327-5.2 is much steepei-; from 4 to 13 inches of
crush, The slope and lcocad up to 14 inches of crush are compatible

in the upper lcad region.

5.2.2 Load/Crush Comparison Corrected to Static Edge Crush
(Test 8327-5.2 with Test 8321-4.04)

The load/crush comparison plot in the direction of the SI
vehicle corrected to static edge crush is shown in Figures 5-4,
5-5 and 5-6. The total load region is identical to'5 inches of
crush. At this point, the initial slope continues for Test 5.2
with Test 4.04 changing to a more gentle slope - up to 16 inches
crush. The lower region is very similar to the total region
comparison except that the Test 4.04 slope reduces to zero from 5
to 16 inches of crush. The load/crush plot of the upper region

shows a lower slope for Test 5.2 - up to 11.5 inches of crush.
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Test 4.04 shows no load for the first 5 inches of crush. Between

11.5 and 16 inches of crush,

the load/crush curves are identical.
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5.2.3 Load/Crush Compafison Corrected to Longitudinal Displacement
of the Impact Point (Tests 8327-5.2 with Test 8321-4.04)

The load/crush comparison plots in the direction of the SI
vehicle corrected to 1ongitpdinal displacement of the impact point
is presented in Figures 5-7, 5-8, and 5-9. As might be expected,
the total and lower region load/crush comparison are similar. The
load/crush slope for Test 5.2 up to 13 inches of crush is constant.
Test 4.04 curve is identical for 2 inches of crush, then changes
to a lower slope from 4 to 11 inches of crush. The upper region
load/crush for both tests are reasonably comparable up to 14 inch

crush.

5.3 COMPARISON OF TEST 8327-5.2 WITH TEST 8327-3.2

The comparative force/crush plots for PhaseAII Test 8327-5.2
Side Impactor Energy Absorbing Face and Phase II Test 8327-3.2 of
the Chevrolet Citation by the above méntioned three methods are
presented in this section. The Side Impactor requirements in
Phase II were redefined to reflect the continuing downsizing of

newer designed passenger cars, i.e.; 1980 Chevrolet Citation.

5.3.1 Load/Crush Comparison in the Direction of the LCMB
(Tests 8327-5.2 with Test 8327-3.2)

Figures 5-10, 5-11, and 5-12 present the load/crush compar-
ison of Tests 8327-5.2 and 8327-3.2 in the direction of the LCMB.
Comparison of the total load cell force are practically identical
for the first 12 inches of crush. The lower region force for the
two tests are of the same shape with the Test 3.2 load, slightly
lower from 4 to 12 inches of crush. The upper region force of
Test 3.2 is approximately twice the force of Test 5.2 - from 8 to

12 inches of crush.
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5.3.2 Load/Crush Comparison Corrected to Static Edge Crush
(Test 8327-5.2 with Test 8327-3.2)

The load/crush comparison plots in the direction of the S5I
corrected to static edge crush for the total, lower, and upper
force regions are presented in Figure 5-13, 5-14, and 5-15. The
total and lower regions of the corrected load/crush are very sim-
ilar through approximately 14 inches of crush. From 6.5 inches to

16 inches of crush, the upper region force of Test 3.2 is nearly

twice the force of Test 5.2.

5.3.3 Load/Crush Comparison Corrected to Longitudinal Displacement
of the Impact Point (Test 8327-5.2 with Test 8327-3.2) '

The load/crush comparison for Tests 8327-5.2 and 8327-3.2 cor-
rected to longitudinal displacement of the impact point are pre-
sented in Figures 5-16, 5-17, and 5—1?,_ The total and lower region
of the two tests follow the same path from 0 to 10 inches of crush.
The upper region forces are quite different from 5 to 13 inches of
crush. The energy absorbed in Test 3.2 is approximately twice

that absorbed in Test 5.2 during the crush distance.

5.4 RECOMMENDATIONS

The Side Impactor face used in Test 8327-5.2 (30° angled impact)
compares favorably with the 30° angled impact of the 1980 Chevrolet
Citation (Test 8327-3.2) in the total and lower crush regions up to
10 - 14 inches depending on the method of load/crush comparison
analysis as described in Section 5.3. The upper region shows the
greatest disparity between these two tests. However, efforts to
obtain better correlation in the upper crush region would complicate
the side impactor face construction by requiring different crush

stréﬁgth honeycomb in the upper and lower crush regions.
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APPENDIX A
CALCOMP PLOTS FOR
TEST 8327-5.1
(STRUCTURAL DATA FILTER 315/100 HZ)
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APPENDIX B
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APPENDIX C
INSTRUMENTATION FOR
TEST 8327-5.1



1

a —
1 ~
— I
_ I [ °
‘—1.{‘_’1— 1 _ i =
'] T T Twsen ] [wee] E: v
. i 2 't ~
‘ INSTRUNLNTATION i -
BALLAST | ARCA I: ©
ARLA i -
I : ] -
| RSCM rser | [ O I [:
i “4 13 8
-_u-xl“ A_.—-<£—~——>— . - I _— I:=
== R ) |
B3 Lone L ACCELEBOMETER (2) i
l}]:m;.:.o;z:zwmrmmn (2) L_.J:_
mgﬁ“ ANTENNAE ASSEMBLY (3) :i:ﬂ‘s/”?i‘f HORIZONTAL ;’;\é:OOD
PLATES
REMOVABLE
—— RerovaLE sTRuCTUNL 7 ﬁ“/<<
-if?%é%%..*__a. - 4 1"z'_ A 1
X ; — — Y
A2 . -
J80) DAl (1810
MAXTIMUM
VEHICLE INSTRUMENTATION EXPECTED READINGS
LOCATIONS AND PHYSICAIL COORDINATES (G)
No. Description of Location X* y* 7* LONG LAT VERT
Al LCMB accelerometer
frame rail right side 84 23 20 25
A2 LCMB accelerometer
frame rail left side 84 -23 20 25
A3 LCMB accelerometer :
front crossmember 130 -1 23.5 25
Ad LCMB accelerometer
‘ right rear frame rail 9 22 i6 25
40 Load cells 15.0 Klb

*Reference Points:

X Direction - Rear end of LCMB

Y Directicn - Centerline of LCMB - left centerline (-), right
centerline (+)

7 Direction - Ground level.

Figure C-1. LCMB Instrumentation (Test 8327-5.1).
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< SP1>]

80 8327 S5k 02005

—£§3 B] BALLAST R%g“ [[
| ARED l l | |
[
\\\\ B2
LONGITUDINAL — H =
— ACCELEROMETER (2) F";Ll_—T
L—-— LATERAL

mACCELEROMETER (2} ,i<—sp 2

% . //j
T Caca
) O 2) H

_//’_‘\\

% » Nz
‘ MAXTMOM
VEHICLE ACCELEROMETER EXPECTED READINGS
LOCATIONS AND PHYSICAL COORDINATES (G)

No. Description of Location X* Y* 7* LONG AT VERT
Bl Lleft side of bogey 153 -17.25 23 25
B2 Right side of bogey 153 16.75 23 25
B3 Front crossmember of

bogey 159 -1 19 25
B4 Rear section of bogey 31 0 19 25

SP1 Driver side of E/A face 162 =25 18 24"

SP2 Passenger side of E/A
face 162 25 18 15"

*Reference Points:

X Direction - Centerline of rear bumper

Y Direction - Centerline of vehicle - left centerline (-),
right centerline (+)

%2 Direction - Ground level.

Figure C-2., Side Impactor Bogey Vehicle Instrumentation
(Test 8327-5.1).
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H

TABLE (C-1. INSTRUMENTATION SUMMARY (TEST 8327-5.1)
LCMB Side Impactor Bogey Vehicle

Required Required
Number of Number of
Channels Channel Function Channels Channel Function

40 Load Cells 4 Accelerometers

4 Accelerometers 2 String Potentiometers

44 TOTAL 6 TOTAL

4 RSCM's Required (56 Channels

.Available)

1 RSCM Required (14 Channels
Avallable)
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INSTRUMENTATION FOR
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| z
L _ - @j -
- v/ —— T ———1 s
E. ] __!-_‘-—_-PSCH I Rsb; YT o ] ) s v
: l 8?2 " E ~
I INSTRUILNTATION O BALLAST 2| :
BM‘LU‘ST I ARLA O AREA T [ i
IARLA Al =
I = 0, 2
. |
= | = O a
N = -J——-—-— —_— - — 1
Sty L Al JI ] g__
@ =3 LONCITUDINAL ACCELEROMETER 12) I
[§) LATERAL ACCILEROMETER (1) ) _._ﬂ
) EXr¥IKL ACCELEROMITEK (X,Y) -
KEMOVABLE REMOVABLE BORIZONTAL PLYWOOD
BALIAST BEAMS {4} FACE
PLATES
REMOVABLE
SR I %
s I . A
K \‘ MB j Py “
A2 .
JHOY 10l (B0
MAXIMUOM SENSOR
VEHICLE INSTRUMENTATION EXPECTED READINGS SCALE
LOCATIONS AND PHYSICAL COORDINATES (G) (G)
No. Description of Location X* Y* Z* LONG LAT VERT
Al LCMB Accelerometer
Frame Rail Right Sige 84 23 20 60 75
A2 LLCMB Accelerometer
Frame Rail Left Side 84 -23 20 60 75
A3 LCMB Accelerometer 130 -1 23.5 60 60 75
A4 LCMB Accelerometer
Right Rear Frame Rail 9 22 16 - 60 75
40 Load Cells 15.0 Kib

*Reference Points:

X Direction - Rear End of LCMB
Y Direction - Centerline of LCMB - Left & (=), Right € (+)
7 Direction - Ground Level

Figure D-1.

-2

LCMB Instrumentation (Test 8327-5.2).
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. :
: == G AR s
/ Bageell -
RSCHM B3 ~
I S e =
B4 BS L B10—— o
BB2 -
LONGI'I'UDINAL\ B1G " 4
— ACCELEROMETER (5) ——
=1 | LATERAL —
ACCELEROMETER (1) [+-sP1+
BIAXIAL
l ACCELEROMETER (X, Y) (2)
/130° ACCELEROMETER (2)
B4 . iga
l N85 B10
B8 B6 B1 |
3\98782 J SP1
I NS N
MAXIMUM -SENSOR
" VEHICLE INSTRUMENTATION EXPECTED READINGS SCALE
I LOCATIONS AND PHYSICAL COORDINATES (G) (G)
No. Description of Location  X* Y* z* LONG LAT  VERT
I Bl Left Side of Bogey 153 -17.25 23 25 37.5
B2 Right Side of Bogey 153 16.75 23 25 37.5
l B3 Front Crossmember of
Bogey 159 -1 19 25 37.5
B4 Rear Section of Bogey 31 0 19 25 25 37.5
I B5 Rear Section of Bogey 36.5 0 19 60 75
B6 Left Side of Bogey
I (30°) 146.5 -21.5 23 60 75
B7 Ri%ht Side of Bogey ‘
(30°) 146.5 +21.5 23 60 75
l B8 Left Side of Bogey 148.5 -17 23 60 75
B9 Right Side of Bogey 148.5 +17 23 60 . 75
I B10 Back of 2" Mounting
Plate 166.5 -1 26 60 60 75
I TS1 Driver Side (Momentary Impact Switch - Mounted at 30°-7" back from
impact point)
SP1 Passenger Side +10 in.
I_ *Reference Points:
X Direction - Centerline of Rear Bumper
Y Direction - vVehicle Centerline - Left § (-), Right § (+)
I Z Direction - Ground Level
l Figure D-2. SI Bogey Instrumentation (Test 8327-5.2).
— D-3
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i

TABLE D-1. INSTRUMENTATION SUMMARY (TEST 8327-5.2)
LCMB Side Impactor Bogey Vehicle

Required Required
Number of Number of
Channels Channel Function Channels Channel Function

40 Load Cells 12 Accelerometers

5 Accelerometers 1 String Potentiometer
1 Momentary Impact
Switch
45 TOTAL 14 TOTAL

4 RSCM's Required (56 Channels
Available) '

1 RSCM Required (14 Channels
Available)
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APPENDIX E
ENERGY-ABSORBING
FACE SPECIFICATIONS
FOR TESTS 5.1 AND 5.2
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Figure E-1 shows the Side Impactor face mounted on the Brown

Bogey and Figure E-2 defines the face components for Test 8327-5,1

and 5.2.
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