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SECTION 1 

1.0 INTRODUCTION 

This report contains informatlon regarding the prepara- 

tion fo r  and the  conduct of a "Composite  FY84n vehicle 

Fuel System Integrity T e s t  relative to Federal Motor 

Vehicle Safety Standard (FMVSS) No. 301-75. This test 

was performed under Contrac t  Number DTNH22-82-D-31140 

by National Technical Systems, 1536 East Valencia Drive, 

Fullerton, California JOVSC) Laboratory Procedures 

(TP219-02). 

The epecific purpose of this teat was to check the per- 

formance of a 1984 Dodge Daytona - 2 Door Hatchback, 

NHTSA CEO308 to the requirements o f  FMVSS 301-75, along 

with vehicle crush and.'iV measurement data r e l a t i v e  

to accident reconstruction. 

.. . 
.?.. _ .  ' 

Section 2 contains all compliance related data, whiLe 

Section 3 contains veh ic l e  damage summary data, along 

with d e l t a  -V measurement data. Section 4 d i s c u s s e s  

NTS'a teat facilitiea and data acquisition and reduction 

system. 

-,  

- 1 -  

. . . . . . . 



1.1 

SECTION L 

ADMINISTRATIVE DATA 

A. Re fer enc e s 

1. Federal Motor Vehicle Safety Standard 361-75 - 
"Fuel System Integrity," as published in  the 

Federal Register, Vollrme 43, No. 48352,  dated 

15 October 197s. 

2 .  National Highway Traffic Safety Administration, 

office of Vehicle Safety Compliance mboratory 

Procadurms "Windshield Mounting' FMVSS 212 - 
"Windahie1.d Zone Intrusion" PMVSS 219 - "Fuel 
System I n t e g r i t y '  PmVSS 331-75, TP219-32, dated 

9 Junuary 1979. 
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B. 

SECTION 1 

Deecription .of Test Vehicle 

I. 1984 Dodge Daytona - 2 Door Hatchback 

2. Vehicle Identification No. lB3BA44D8EG122275 

3 .  NHTSA NO. CEO308 

4. Manufactured Date: September 1983 

5 .  GVWR: 3 , 5 5 5  pounds - 

Dates - C. 

1. V e h i c l e  Received: March 21, 1985 

2. Start  of Teott July 3 0 ,  1985 

3 .  Completion of T e s t :  August 2 ,  1985 



SECTION 2 

2 . 0  COMPLIANCE TEST DATA 

The 1984 Dodge Daytona - 2 Door Hatchback was sub- 

jected to a rear moving barrier impact and a s ta t i c  

rollover maneuver as required by Federal Motor Vehicle 

Safe ty  Standard (FMVSS) 301-75. 

- 
Color motion picture coverage of the impact, along with 

the etat ic  rollover t e s t  are considered part of the 

accumulated pertinent data. Where applicable, still 

photographs are presented i n  t h i s  report: w h i l e  the 

motion picturea coverage i a  eubmitted separately. 



SECTION 2 

2.1 GENERAL TEST INFORMATION 

The 1984 Dodge Daytona - 2 Door Hatchback was subjected 

to a fear moving barrier impact along with a s t a t i c  roll- 

over teat in accordance with the procedures referenced 

i n  Sec t ionn  1 of t h i s  report under Adminhtrat ive  Data. 

The reau l t s  presented here relate specifically to vehicle 

performance under Federal Motor Vehicle Safety Standard 

(FMVSS) 301-75 - " F u e l  System I n t e g r i t y " .  
- 

The test was conducted essentially in accordance with 

NHTSA Office of Vehicle Safety Compliance Laboratory 

Procedures. The critical parameters were impact velocity 

and the fuel spillage cr i te r ia  defined in FMVSS 301-75, 

paragrapha 9 5 . 5  and S5.6. 

Impact velocity for the moving collision barrier impact 

w a s  regulated by the  fixed tow propulsion system and 

cert i f ied by the redundant timing traps described in 

Section 4. 
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TABLE I 

SUMMARY OF TEST CONDITXONS 

TEST VEIIICLE INFORMATION: 

. I  

Manufacturer: 

Make/Model: Dodge Daytona 

Body Styleg 2 Door Hatchback 

VIN : 163BA4408EG122275 Build D a t e :  September 1983 

NHTSA NO. : CEO308 Color: 

Engine Date: Four.--(4) Cylinders; _2*2 L 1  tcrs 

C hry 5: 1 er Corporation 

1984 M o d e l  Year: 

Pearl 

Transmission Data: Three ( 3 )  Speed ( I Ma.nUal ( x )  Automatic 

Major Options: A i r  Condition, Am-Fm StereQ Cas S e t t e  

VEBICLE ATTITUDE: 

Delivered A t t i t u d e :  LF 2644 in.1 26.8 in.; LR 26.9 in.; RR 26.5 in. .-  
IZ 26.0 in.1 RF 26.0 in.; LR-25.5 in.; I(R 25.5 in. - Test Attitude: 

VEHICW TIRE! DATA: 

Recommended Cold Tire Pressurn: Front - 35 psi 

(Up to Vehicle Load Capacity] Rear - 35 p s i  

Rtcommendtd Tire S h e :  p i ~ 7 n ~ i 4  . Load R a n g e :  1 3 u  7c; pfi 

Tires of Vehicle: , PI-4 - w p a r  

Spare Tire: X Ye51 No i Space Saver : Yes; 

Note: T115/70D14 Goodyear Spare 0 60 psi  

No 
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P 
TABLE Ia 

SUMMARY OF TEST CONDITIONS (Cont'd) 

TEST CONDITIONS: 

Date of Test:-t2, 1985 T h e  Of T e s t :  1120 

Ambient Temperature: 84 "F at Impact Area 

VEHICLE CAPACITY: 

T y p e  of Seats: Bench; x Bucket; S p l i t  Bench 

Designated Seating Capacity: Front 2 
Center 0 

Cargo : 

Total 

GVWR: 

GAHR : 

R e a r  2 
Total  4 

115 lb6. 

715 lbs. (Vehicle Capacity weight) 

7 ~ 5  Ibs . (Taken From- Certification L h d )  

Front 1,qtis lbu. i Res&T640 
-I d 

2 .  -- - - - .  

VEHICLE DELIVEREIY WEIGHT: 

L e f t  F ron t  890 lbs. 
Right Front 81 2 lbs .  
Total Front Weight -1.702 Ibe. .( 63.1 % of Total Vehicle Weight) 
Total R e a r  Weight 996 lbs.  ( 36.9 % of Total Vehicle Weight) 
Total Delivered Weight 2,698 lba .  

CALCULATED VEHICLE TEST W I G S :  3,141 . lbs. 

(Fuel - 93% o f  NPC) 

Lcf t Rear 476 l b s .  
Right Rear 520 l b s ,  

(With Required Dummies and 115 lbs. Cargo) 
L 

ACTUAL VEHICLE TEST WEIGHT: 

Left F r o n t  968 Ibs. 
Right Front 895 lbs. Right Rear 656 ,lbs. 
Total Front Weight 1,863 Ibs. ( 59.5 8 of Total Vehicle  Weight) 

1,267 lbs. ( 40.5 % of T o t a l  Vehic l e  Weight) T o t a l  Rear Weight 
Total Test Weight 3,130 lbs. 

Weight of Ballast Secured in Vehicle Cargo Area 100 l b s .  

- 
- 
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TABLE Ib 

SUMMARY OF TEST CONDITIONS (Cont'd) 

TEST FLUID DATA: 

T e s t  F l u i d  Typex Red Stoddard Solvent ; Specific Gravity: 3.764 . 

Kinematic Viscosity: 1.31 

Nominal Fuel Capacity: gals.  ( W C )  14-m 

T e s t  volume: gals. (92-943 Of NFC) 

Fuel System Capacity: I P  nn gala 
(Data from h e r ' s  Manual) 

Electric F u e l  Pump: x Yes; No1 Fuel Injection: Y Ye31 No 

Does Electric Fuel Pump Operate w i t h  Ignition Switch "On" 

And the Engine N o t  Operating: x Yes; No 1 N/A 

Details Of Fuel SyStm: F u l e r _ _ l f l c a t e d _ j n r l a r , m r  n u n  

wheel opening recessed behind a hinged dom, fuel tank located horizontally 

between frame side rails under rear sea$+fioor pan. 
.A 

=* 

VEHICLE TEST CONDITIONS: 

Temperature in Occupant Comgartmsnt: N/A O F  

Temperature of Windshield Glazing/Moulding: N/A OF 

VEHICLE CRUSH AND REBOUND: 

Overall Length of- T e s t  Vehicle8 Pre-Teat  - Lsft 172.0 in.1 R f g h t s  3 in- 

Post-Test - L e f t - 1 5 5 . 3  h.; Right 155.3 in. 

- 

Crush: Left 16.7 in- I Right 17.0 in. 

Rabound (From Rigid Barrier Only): N/A in. 
I 

- 8 -  

. . . .  . 



TABLE I11 

POST IMPACT SUMMARY 

Vehicle 1984 Oodge Daytona 

NHTSA No. CEO308 Test Date Augu_st 2, 1985 

TYPE OF TEST: 1-1 O 0  Frontal Impact 

1 1 3a0 Oblique Impact (Drivrr/Passengar) Side  

[TI R e a r  Impact 

R E W I R E D  IMPACT VELOCITY RANGEr 28,9 to 29.9 w h  - - 

IMPACT VELOCITY: (Traps within 5 f e e t  of impact event) 

Trap 1 = 29.42 , . mPh 

Trap 2 * 29.43 mPh 

Average 2 9 . 4 5  mPh 

Actual distance from vehicle  reiW&-+o b k r i e r  : 
face when entaring timing trap 56.0 - i n .  

Actual distance f+om vehicle re_z@-bmpertq barrier -_ ---.- 32.0 in .  
face when exiting t iming trap 

- .. VEHICLE STATIC CRUS€!: Driver'8 Side = 16.7 inches 

passenger's Side  = 17.0 inches 

Average = 16.85 inches 

Cruah Details: Roof byckled, over both "A" and ''B" posts, rear window and both 

Quarter windows shattered, frame buckled over rea r  axle, l e f t  r e a r  t i r e  punctured 

and both wh eel s jamned. - 

VEHICLE REBOUND: (Froin rigid barrier only)  

Driver' 8 Side - N/4 inches 

Passenger's Side  = N/A inches 

Average - N/A inches 

- 
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TABLE VI 

POST IMPACT SUMMARY 

FUEL.,-,SYSTEM INTEGRITY - PMVSS 3 01-7 5 

1984 Dodge Daytona vehicle 

N#TSA NO. T e s t  Date 
CEO308 August 2, 1985 

Fuel spillage from impact unti l  
vehicle  morion ceaserr. 

L ounce 
- 0 -  

Fuel rpi l lage for 5 minute period 'I 
following cessation of vehicle :-. 
motion after impact. - 0 -  5 ounces 

Fuel  spillage for next 25 minute 
period . 

Time dW4tiOn from impact u n t i l  
s tart  of rollover test periods. 

33  
23 minutes Mlnutes 

- I 1 I -  

Fuel S p i l l a g e  Location: Not Appl i cable - 

- 10 - 



TABLE VI-I 

F u e l  spillage during 7th minute 
period from onset of r o t a t i o n  

FUEL SYSTEM INTEGRITY - 'FMVSS 301-75 

- 0 -  I ounce - 

STATIC ROUOVER 

~~~ 

1 9 8 4  Dodge Daytona CEO308 
Vehicle  NEITSA No. 

I 

l 

Fuel Filler 0 cap Location 90' . 

.. . 
Rollover fixture 900  rotation 
t h e  

2 Minutes 
11 Seconds 

I I 
I '  I I 

Fuel spillage during 5 minute 
period from onact o f  rotation - 0 -  5 ounces 

Fuel s p i l h g e  during 6th minute 
period from onaet  of rotation 

- 0 -  
1 ounce 

N o t  Applicable 
Fuel Spillage Location: . 

- 11 - 



TABLE VI11 

FUEL SYSTEM INTEGRITY - FMVSS 331-75 - 

- - Actual .-.- 

STATIC ROLLOVER 

M a x .  Allowed 

CEO308 
NHTSA No, 1984 Dodge Daytona Vehicle  

I - 

90' 

I i 

180' - 

- .  I ~~ 

I 

~ u e 1  sp i l lage  during 6th m h u t e  
per iod from onset of ro t a t ion  1 ounca - 0 -  

_ _  

2 Minutes 'r- 14 Seconds 

*'; 
I .  . I '  Rollover fixture 900 rotation 

time :-_ 
--' 4 1 to 3 

Minutes 

Fue l  spillage during 5 minute 
period from o n s e t  of rotation - 0 -  5 ounces 

Fuel spillage during 7th minute 
period from onset of rotation - 0 -  1 ounce 

N o t  App 1 ic ab 1 e - Fuel Spillage Location: 
, 

- 12 - 
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TABLE IX 

FUEL SYSTEM INTEGRITY - PMVSS 301-75 
STATIC R O W V E R  - 

1984 Dodge Daytona CEO308 
Vehicle &ETSA NO. 

0 

180-  
-. - 
“h 

- ‘? .- .’ J - .  
Rollover f ix ture  rotation .;. 
t h e  

Fuel spillage during 5 minuto 
pexiod from o n s e t  of rotation 

F u e l  sp i l l age  during 6th minute 
per iod  tram onset of  rotation 

Fuel spillage during 7th minute 
period from onset o f  rotation 

d 

2 7 0 -  ‘ 
J 

Actual M a x .  Allowed 
I 

I 1 
2 Minutes 

15 Seconds 
I t o  3 
Minutes 

- 0 -  5 ounces 

Fuel Spillage Location: Not Applicable 



FUEL - SYSTEM INTEGRITY - FMVSS 3 d l - 7 . 2  

STATIC ROLLOVER - 

3 
- 

Actual Max. Allowed 

CEU308 NRTSA No. 1984 Dodge Daytona Vehicle - 

Fuel  spillage during 5 minute 
period from onset of rotation 

270' 

- 0 -  5 ounces - .  

0 

3 6 0  

Rollover fixture 93O rotation 
time 

1 to 3 
Minutes 1 2 Minutes 

13 Seconds 

Fuol apil3age during 6th minute 
period from onset of rotation 1 - 0 -  1 ounce 

-_  I I 
I I I -- 

Fuel spi l lage  during 7th minute 
per iod  from onse t  of rotation - 0 -  1 ounce 

Fuel  g p i l l a g e  Location: Not Applicable - 

. -  - 14 - 
I .  . . . _. . .  ,.,..: ' 

~ :' x- .. , >.' ~ -.. . . . .... , . 



FIGURE 2-1 

1984 Dodge Ouytona - 2 Door Hatchback 

NHTSA CEO308 

?re-Test, Lcf - t Sf de Vtew 



I 
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1984 Dodge Oaytona - 2 Door Hatchback 

NHTSA CEO308 

be-Test, f u l l  Rear V i e w  - 
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FIGURE 2-3 

1984 Dodge Daywna - 2 Door Hatchback 

NNTSA CEO308 

Pre-Test, Right Side View 
- 

. 



- 21 - 



t 

- .  

c 

FIGURE 2-5 

1984 Dodge Daytona - 2 Door Hatchback 

NHTSA CEO308 

Post-Inpact, F u l l  Rear View - 

- 24 - 
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FIGURE 2-6 

1984 Dodge h y t o r r a  - 2 Door Hatchback 

NHTSA CEO308 

Post-Impact, - Rlght  SIde View 

- 26 - 
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FIGURE 2-7 

1984 Dodge Daytona - 2 Door Hatchback 

NHTSA CEO308 

Post-Impact, Ro l lover  Test, 90' Incremnt 
- 

- 28 - 





FIGURE 2-8 

1984 Dodge Daytona - 2 Door Hatchback 

NHTSA CEO308 

Post-Impact, Rollover Test, 270" Increment 
- 

- 30 - 
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NOTE: b = distance between mid-point of L and X ax is .  



TABLE 3-2 . 

VEHICLE S.TRUCTURAL DATA 

POSTTIYE* 
DIRECTION 

CEO308 
NEITSA NO. VEHICLE ._ 1984 Dodge Daytona 

NEGATIVE* 
DIRECTION 

I "C" POST 1 "B" POST 
I 

T- 2 

B 
4 

t 
A 

3 

1 

POST 

f 
I 

F 

*POSITIVE * LONGITUDINAL:  FORWA,',' 'NEGATIVE - LONGITUDINAL:  f?EARWARD I . 
! 

I 
DIRECTION DIRECTION 



JJ 

I- 
# 
d 
6 



3
' r- 

2' 
I- 

a- - 
t' - 

K I I 

I 
1

 
I 

I 
I
 

t 
I
 

I 
t 

+
a

w
 

K
U

 a 
8

1
 

I' 'I
.
 

3
 



c 

+ 
3 
L 

I 
b. 
t 

n 

I 

- 39 - 
.. . . .  . - .  



,. f" 

c-3 

1 



I I ? 

I 



I 



I 

I 
I
 

1 
I 

I 
I 

1 
L 

I 
I 

1 

c
 

- 
I 

- - 
H

d
B

T
P

.6
2

 
:a

3
3

6
 

213Iw
lU

8 

I 
I
 

1 
I 

I 
I 

1 
L 

I 
I 

1 
I 

c
 

I I 
- 

I 

- - 
H

d
B

T
P

.6
2

 
:a

3
3

6
 

213Iw
lU

8 

0
’ 

e’ I 

0
’ 2 

0’ E 

0
‘ P 

1
1

 
I 

1
 

I
 

I 
t 

I 
I
 

I 
I 

c. 
‘ 

... 

3
 





SECTION 4 

4 .3  

4.1 

TEST FACILITIES AND EQUIPMENT 

National Technical Sy8te3ns (NTSI c o l l i s i o n  barriers 

and vehic le  statkc rollover machine test faci l i t ies  

are located at the Fullerton, California Division. 

This section discusses these specialized fac i l i t i a s ,  

along w i t h  associated equipment and instrumentation re- 

quired for the performance of th i s  tes t .  

FRONTAL C O U I S I O N  BARRIER 

4.1.1 The frontal (fixed) collision barrier conforms to the re- 

quirements as det by the NHTSA Office of Vehicle Safety 

Compliance (OVSC) and a8 defined in the Laboratory Pro- 

cedures for E'MVSS 212/219/331-75, TP219-62, dated January 

9 ,  1 9 7 9 ,  w i t h  tna following special characteristics. 

4.1.2 The fixed collision barrier is a steel clad, ateel re in-  
forced concrete block with a 6 ' 4 "  x 12' face. 

1" steel plate faced w i t h  3 / 4  inch plywood. 

mass of the structure i s  approxfrnately 200,030 pounds, w i t h  

a substantial port ion below ground to provide resistance 

against sliding or t ipp ing  of the barrier during impact- 

Th8 face i s  

The t o t a l  - 



SECTION 4 

4.1.3 The facility consists of a 533 foot  concrete paved runway, 

w i t h  a rtarl monorail embedded in the approach surface. 

Two camera pits are provided to allaw photographing the 

test vehicle at impact. One pit is located h e d i a t e l y  

in f r o n t  of the fixed collision barriar and is 36 inches 

wide (expandable to 4 8  inches), 7 feet deep, and 23 feet 

long ( 3  feet of the pit length extrrlds undmr the barrier 

face). The second (mid) pit with removable monorail scc- 

t i o n  is located approxfmrtely 163 feet  from the fixed 

co l l i s ion  barrier and is - 43 inches wide, 7 f e a t  deap, and 

23 feet long.. 

4.1.4 Tow propulsion is provided by a fixed prlme mover and 

continuous cable drive rystun located near  the mid camera 

pit pos i t ion .  The power plant for the tow cable system i s  

a 233 h.p.  synchrouaur eiectzic motor, coupled to an 

electronically controlled Eddy Current  Clu tch  and a 4 .11  

gear reduction transfar assembly. 
- _  

The endless l/Z-inch diameter steel tow cable is wrapped 

around the drive pulley and is tensioned by a pneumatic 

loaded idler wheel. The tow cable passes through the 

fixed c o l l i s i o n  barrier and around fixed i d l e r  pulleys 

to complete the loop. The t e s t  vehic le  or moving c o l l i s i o n  

barrier is towed by a dolly assembly attached to the veh ic l e  
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or moving c o l l i s i o n  burrieu by a shear p l n  release mech- 

anism. For a fixed collision b a r c h r  tes t ,  the test 

vehicle is towed w i t h i n  25  feet of tha fixed barrier, 

at which point the towing dolly assanbly is disconnected 

from the test vehicle and the t e s t  veniclc p t O C e e d S  under 

its own mosnsntum for the f h a l  23 feet  to impact. For a 

moving col l i s ion  barrier t e s t ,  the moving collision bktrhr 

is tow8d w i t h i n  5 f e e t  of the test vuhicle,  a t  which poin t  

the towing dolly i 8  discoanectsd from the aiming c o l l i s i o n  

bzut i er  and the moving aol l f s ion  barrier proceeds under its 

own momentum for the f inal  5 feet to impact. Heavy steel 

stops actuate the tow cable release mechanism and prevent 

the towinq d o l l y  from continuing past  the paint of impact. 

The towing dolly is designed to fit i n s i d e  the monorail such 

that it i s  constrained the vertical. and lateral directions, 

and capable o f  s l i d i n g  freely along the monorail. 

4 . 2  OBLIQUE ANGLE COUISION BARRIER 

4.2.1 The oblique angle collision barrier confoma to the requirements 

as 38t by NHTSA Office o f  Vehicle Safety Compliance (OVSC) 

Laboratory Procedures TP219-02, with the following special  

characteristics. 
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4 . 2 . 2  The oblique angle co l l i s ion  barrier is constructed of a 

flat 1 1/2 b c h  star1 plate faced with 3/4  inch plywood. 

The barrier face is 6 '  X 12' and 1s adjustable f o r  l e f t  

or right angle impacts by mamr of srvan tubular gussets 

that  attach to the standard f-ed frental ca l l fa ion  

barrier to f o m  a r i g i d  butumcr structure. 

4.3 MOVING COLXJSXON BARRIER 

4 . 3 .  L Tho moving col l is ion b.rriar conforms to the requirements 

as s e t  by Federal Motor VihicLa Safety standard No. 238, 

Paragraph SB.2 w i t h  the ZollowFng special characteristics. 

4 . 3 . 2  The chassis is conjtructed of 12 inch s tee l  channel with 

tubular frame gussets. The flat -acting face plate  is 

1/2 inch steel plate faced w i t h  3 / 4  inch plywood.  The 

face plate fa. reinforced w i t h  6 inch  steal channel hori- 

zontal ly  welded to the chasais to form a t f g i d  symettical 

structure. A camera boom extends above the bazriar face 

p l a n e  to provide a view of barrier to vehicle impact. The 

barrier assembly weighs 3,987 pounds and has a four wheel 

electric brake system- 
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4 . 4  EEICLE STATIC ROLLOVER MACXINE 

4.4,l The vehicle s t a t i c  rollover macUe conforms to the re- 

quirements as set by the m S A  O f f i c e  of Vehicle Safety 

Compliance (OVSC) Laboratory Procedures TP219-02 w i t h  the 

following s p e c i d  characteristics. 

4 . 4 - 2  The vehicle static rollover machine is constructed of 15 

inch rquue  tube w i t h  adjustable wheelbase and tread width 

platforms to accommodate the various test vehicles. The 

t o t a l  usable platform area is 8 f e e t  wide and 25 feet long 

w i t h  special design feature to accmodate vehiclas w i t h  a 

gross vehicle weight rating (GVWR) of 13,300 pounds or 

less w i t h  various body configuration heights to 12 feet .  

The t e s t  vehicle CM be rotated l e f t  or right and can turn 

each 90* rotational increment h approximately two ( 2 )  

minutes. 

- 

- 

4 . 5  IMPACT VELOCITY MEASuREMfiJT 

The test vehicle irnpact velocity is measured by two ( 2 )  

separate certification t h i n g  trap systtxw located within 

five ( 5 )  feet o f  the vehicle to fixed collision barrier 

face and to one side on the approach apron. Each t h b g  
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trap system contains  two (2) optical beams, mounted 

twenty four  ( 2 4 )  inches apart, in a mechanical housir.,: 

assembly providing a start-stop signal to a digital dis -  

play countex. 

apron, a blade attached to the test vehicle rear fender. 

interrupts each optical beam providing the  precise mca- 

surement of time interval for  the t 4 r t  vehicle to advance 

As the test vehicle traverses the impact 

the known distance between the Optical beams. Each 

interval of time measurement is stored Fn the d i g i t 4  

display counter and photographically recorded. - 
- 

The moving collision barrier impact velocity is measured 

by two ( 2 )  sepaxatt certification t u n g  txap oyotama loca- 

ted within  f ive ( 5 )  faat o f  the movlng collision barrier 

to vehicle impact loca t ion  and to one side on the approach 

apron. Each tining trap system contains t w o  ( 2 1  optical 

beams, mounted twenty-four ( 2 4 )  inches apart, in a mechani- 

ca l  housing assembly providing s start-stop signal to a 

digital display counter. As the moving barrier traverses 

the impact apron, a blade attached to the moving barrier 

s i d e  interrupts each optical beam providing the precise 

measurement of t b  interval for the moving barrier to ad= 

vancc the known distance between the optical beams. Each 

in te rva l  of t h e  measurement is stored in the d i g i t a l  dis- 

play counter and photographical ly  recorded. 
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4 . 6  PHOTOGRAPH COVERAGE 

4.6.1 Because FMVSS 212/219/331-75 may be a combined t b d t ,  i t  is 

necessary that all photographic covttage of the t a r t  vehicle 

be done at on. tima w i t h  specific photographs to document 

the arcas for Vehicle Safety Compliancro consideration: 

windshield axea and the tu41 system. Each report will 

utilize only those photographs pertaining to the Vehicle 

Safety Compliance Test baidg reported. 

4 . 6 . 2  FIXED BARRXER W A C T  TEST 

Motion picture coverage of the event employs f i v e  ( 5 1  16nnn 

LB Photo-Sonics cameras and two ( 2 )  1 6 m  5 1  Redlake Locam 

cameras usiag color film at 530 frames par second (fps). 

Also 4 1 6 x 1 ~ ~  Canon Scoopic 2 4  frames per sacond ( fpa)  

. caneta w i t h  color f i l m  is used to record vehicle pre-test 

condition, vahiclc in-run, impact, and postaimpact vehicle 

C Q A d i t i O r l 8  including the rollovaz increments for documentary 

purposrs. The seven (7) high speed cameras are located at 

stationary positions near the point of impact. One is an 

overhead camera mounted on A tower above the fixed barrier 

face on canterlint of the test vehicle at impact. I t s  f i e l d  

of view includes the barrier face and the front of the vehicle 

to B po in t  about one foo t  aft of the windshield. A second anC 

t h i r d  camera i s  mounted on top of the fixed barrier w i t h  
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their field of vf8w concentrating on-the windshield =ea 

(FMVSS 212/219). The f o u r t h  and fifth :amrra each have 

a s i d e  view o f  tha t w t  velzfcle at impact. The sixth 

and smventh camera are located in the p i t  and poaitionad 

to photograph tha undatside of the engiae compaztauent 

and fuel tank area. 

4 . 6 . 3  MOVING BARRIER W A C T  TEST 

Motion picture coverage of the event eraploys thxer (31  

161x1 18 Photo SonfUS cameras and two ( 2 )  16m 51 Redlaka 

Locam camexas using color  fi lm at Silo frme per second (fps), 
- 

Also a 1 6 m  Canon Scoopic 2 4  framer per second (fps) camera 

w i t h  color film is used to record vehicle pre-test cond i t ion ,  

barrier in-run, *act, and post-impact vehicle condition3 

including the rollover increments for documentary purposes. 

Four ( 4 )  of the high speed cameras a r e  located ut stationary 

positions near the point of impact. Two ( 2 )  cameras a r m  

located in the p i t  and positioned to photograph the under- 

side of the enghs  compartment, with overlapping field of 

views, aft to the fuel  tank area. The third and fourth 

camera each have a side view of the test vehicle at impact. 
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The fifth cammra i r  attachad to the moving col l i s ion  barrier 

to photograph t h m  contact tntuem the barrier and the test 

vehicle. 

4 -  6 . 4  TZHE PULSE GENERATOR 

Tima data frm two ( 2 )  satarcas are contained in tha high 

speed film coverage. The f i r s t  i 8  tiw r r fer .aco o f  100 

pulra par second (pp.1 light d t t f n g  diode evmt mark along 

the film edge. This pulse i s  generat& by the tiam pulse 

generatot and f a d  to all-high speed camarm. Thua, it is 

poaa&bls to relate f i l m  data to a real t h e  baac. The 

srcond tima record is an indication of t h  zmro ( m o m e n t  

of inpact,. T h i 8  f 4  wcomplirhed by a t r i p  swatch and 

event m x k  syrtlm. Tha t r i p  switch is p a s f t i a n d  at the 

impact po int  80 that it trigqrrs rha light emittfng diode 

event mark along the film edge at the momrnt of bumprr- 

b a l e s  Contact. Thua, t h m  particular film frame corra- 

spanding to the p o i n t  of impact as clear ly  indicated on 

a l l  thm high spaad f i b .  

. .  I 

.. . ~. :,- 

- 55 - 
._... 
. . .  .. . ..5> . I ... .,: . . . 
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4 . 7  DATA ACQUISITION AND REDUCTION 

The data acquisition and analyPis system used for  

acquiring barrier and vehicle accelerations is shown 

schematically in Figure 4-1. A complete list o f  

instrumentation is shown in T a b l a  4-1. An itemized 

procedure for acquiring data i t  provided Fn Table 4-2. 

Prior to the vehicle impact test, onboard instrumentation 

i s  i n s t a l l e d  and a calibration and null reference check 

Fs performed to check out all data analog devices including 

FM magnetic tape trcorders. 

- 
- 

Immediately following 

vehicle impact a post-hpact calibration and null ref@- 

rence check is performed. 

Analog data is r t p l a y d  and digitized using a Hewlett 

Packard Digital Fourier Analyzer ( D F A ) .  The data is 

d i g i t i z e d  three channels at a t h e  and placed i n t o  

permanent storage on magnetic disc. 

cat ions to the data at the time of permanent storage 

are: the application af a 253 Hz predigitizing analog 

f i l t e r  (24 db/octave r o l l o f f )  , the filtering and digitizing 

The on ly  modifi- 
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process of the FM tape recorder (2533 Hz) and the DFA 

(13Oi) Hz sampling fo r  a 1 second window) ,  and the appl i -  

cation of the appropriate calibration scale factors. 

As t he  data i.8 recalled f o r  integration or plotting, tho 

appropriate S A E  f i l t e r  is applied. These filters arc 

in accordance w i t h  SAE JZlla, Instrumentation for Impact 

T e s t s .  

of an S A E  class  63 filter. Velocity and'clisplacement 

data is plotted after: the-application of an S A E  class 

1 8 0  f i l t e r -  

Acceleration data i s  platted after the appl icat ion 

The f i l ters  - are shown in Figure 4-2. 

Before plotting,.the test engineer determinds vehicle 

onset and vehicle separation timss. This i o  done by 

looking f o r  characteristics cantained in both the vehicle 

and barrier acceleration. signals which indicate when 

there events occured. Impact onset i.s verif ied with 

the trigger signal .  When a velocity,  or displacement 

trace is to be plotted, in tegra t ion  of the appropriate 

acceleration signal is performed digitally in the DFA. 
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A l l  'jmpact data is presented in computer p l o t s  of a 

I second time window. Impact onset and vehicle  sopa- 

ration times art shown, as well as appropriate labels 

d e f i n i n g  the test vehicle, filter class and data p l o t t e d .  

The descriptions on the p l o t s  are self explanetory. 

In addition to the data plots, a table listing tho barrier 

cloeing speed, Fmpact and vehicle separation times and 

d e l t a  velocities is given. Delta velocity io taken a5 

the difference between the velocity at the moment of 

impact and the velocity ht the m o m e n t  of separation for  

the barrier or Vehicl8. 

The aforesaid process from digitizing data th rough p l o t t i n g  

data is cont ro l led  with standard Hewlett Packard Fourier 

software in conjunct ion  w i t h  NTS designed software 

wri t t en  spec i f ica l ly  for crash data reduction. 
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TABLE 4-2 

DATA ACQUISITXON AND REDUCTION PROCESS 

3'l!E;P DESCRIPTION - 
1 DA System Installation 

2 DA System Prs-Impact Calibration 

4 Vehicle Impact Performed 

5 DA SyrtQm Post-Impact Calibration 

- 
6 Data Reproduced FroaLFM Tape In to  Computer 

a) Data analog filtered at 253 Hz 
b) Data dig i t i zed  at 153 XIS Sample rate 
c )  Data sychronized by impact tr igger signal 

7 

8 

9 

1il 

D i g i t i z e d  Data Examined 

Data Tzmrfored Pexmammt Disc Storage 

Appropriate SAE Filters Are Applied. 

Each Data Signal Plotted W i t h  Labels 
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4 . 8  FRONTAL FIXED BARRlER IMPACT DELTA VELOCITY C ~ C X U T I O N  

The data acquisition and reduction process for  a f r o n t a l  

f i x e d  barrier impact d e l t a  velocity calculation is out' 

lined in the step by step diacussion which follows. Fi- 

gures 4-3 through 4-7 illustrate each step fn the process. 

Reflected in  the proceased data is: 

1) Relying on the optical speed trap data us the 

moat accurate source of the  test vehicle  impact 

speed, the Calibration - factor, which converts 

the vehicle longitudinal accaloratfon signal 

from v o l t s  to g ' s ,  is forced to produce a velo- 

c i t y  consiatant with the optical speed tzap data. 

- 

S t e p  1: Acquire a two ( 2 )  second time h i s t o r y  of the  test 

vehicle longitudinal acceleration signal at a 

sample rate and w i t h  a pre-digitizing f i l t e r  that 

is in accordance with the guideline established by 

SAE JZllb. (Figure 4 - 3 )  
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Step  2: Remove b i a s  from the longitudinal acceleration 

signal. Bias removal i s  based on the assump- 

tion that the test vehicle cmms to rest at 

some p o i n t  in t h e  prior to the end of the two 

( 2 )  second time history window. ~ r o m  t h i s  

po in t  in tima through the and of the two ( 2 )  

second window, the acceleration signal should 

be at zero, and the velocity trace should ex- 

h i b i t  no change ( f l a t ) .  (Figure 4-4 and 4-51 

- 

Step 3:  Calculate the t e s t  vehicle longitudinal accele- 

ration calibration factor. The optical  speed 

trap reading is used in 'this step, along w i t h  

the knowledge that the r e s t  vehicle comes to 

rest, i . e .  a known d e l t a  velocity from impact 

to rest. (Figure 4-61 

Step 4:  Calculate the delta ve loc i ty  at the time of test 

vuhicle  and barrier sepnration. The t h e  of se- 

para t ion  i s  detemined by examining the test 

vehicle longitudinal acceleration signal and 

velocity trace w h i l e  noting that:  
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1) Since any external force actlng to decelerate 

the test vehicle in the positive forward direc- 

tion become zero upon separation, the vehicle 

should reach its rnwimtrm negative velocity (re- 

bound velocity)  immediately prior to separation . 
and should exhibit no further deceleration in 

the positive fomard direction aft- this time. 

2 )  A f t e r  sep~arat ion,  the vehicle is slowed from its 

rebound velocity to a stop by the f r i c t i o n  forces .  

The vehicle velocity trace should exhibit  a slight 

positive slope (max 1 GI inmediately after. separa- 

t i o n  w t i l  the vehicle comes to rest, 

4-7)  

- 

(Figure 
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4 . 9  REAR MOVING BARRIER LMPACT DELTA VELOCITY CALCULATION 

The data acquisition and reduction process for a rear 

moving barrier impact de l ta  velocity calculation i s  

outlined in  the step by step discussion which follows* ' 

Figure 4-0 through 4-17 illustrate each step in the 

process. Reflected Fn the processed data i s :  

I) Relying on the optical  speed trap data as the 

most accurate Source of the moving barrier im- 

pact speed, the calibration factor, which con- 

vert3 the moving barrier longitudinal accale- . 

r a t i o n  signal from v o l t s  to g ' s ,  i s  forced to 

- 

produce a velocity consistant w i t h  the opt ica l  

speed trap data. 
- 

. 

2 )  S i n c e  there is no comparable method of forcing 

a calibration factor on the t e o t  vehicle longi-  

tudinal acceleration signal, calibration factor 

for the t e s t  vehicle data are the result of the 

p r e t e s t  accelerometer calibration. 
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Step 1: Acquire a five ( 5 )  second time history of the 

moving barrier longitudinal and test vehFclc 

longitudinal acceleration signal. (Figure  4-8 

and 4-9) 

Step 2: Rwnova bias from the longitudinal acceleration 

signals. Bias removal i s  based on the assump- 

tion that once the moving barrier and t e s t  ve- 

hicle come to rest ,  the acceleration trace 

rhould remain at zero and the ve loc i ty  trace 

should .xhibit no change (flut) from the 'stop" 

time through the remainder of the f i v e  ( 5 )  se- 

cond time history window. (Figure 4-15 through 

4-13) The five ( 5 )  second time history was 

selected to allow sufficient time for both the 

moving barrier and the test vehicle to come can- 

platsly to rest. 

- 

Step 3:  Calculate the moving barrier longitudinal accele- 

ration calibration factor .  The optical speed trap 

reading is used in this step, along with the know- 

ledge that the moving barrier comes to rest, i . e .  a 

known delta veloc i ty  from impact to rest. (Figure 

4-14). 
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Step  4:  Acquire a one (1) second t h e  h i s to ry  of the 

moving barrier Longitudinal and teat vehicle 

lonqitudinal accelerati~n signal a t  a sample 

rate and w i t h  a pre-digitizing f i l ter  that  is 

i n  accordance with the guideline established 

by SAE J21lb. Remove bias and apply calibration 

factor calculated from the f ive ( 5 )  second 

time history data. (F igurm 4-15 and 4-16) 

Step 5 :  Calculate the delta velocity at the time o f  - 
moving barrisr/tast vehicle separation. The 

tima of separation is determined by examining 

the moving barrier and test vehicle longitudinal 

acceleration signal and velocity traces while 

noting that:  

1) The moving berxier exhibits no apprecible de- 

celeration ftQm the time caf separation until the 

moment the moving barrier brake8 are applied, 

i . e -  a prr iod  of constant velocity should be 

exhibited by the  moving barrier immediately 

following bztrritr/tsot vehicle separation- 
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2 )  since any external force acting to accelerate 

the t e s t  vehicle in the positive forward direc- 

tion becomea zero at separation, the test vehicle 

should exhibit m a x i m u m  velocity immediately p r i o r  

to separation and only deceleration due to friction 

forces thac&ftor. ( F i g u r e  4-17) 
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