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Introduction

Since the early days of highway safety research, the design of
longitudinal barriers such as guardrails, bridgérails and medi#n barriers
has been greatly influenced by two basic dssumptlohs about the causes of
occupant injuries when vehicles collide with such devices. It has been
assumed that occupants are subjected tovthe highest risk of injﬁry during
the vehicle's initial collision with a barrier; subsequent collisions with
the same or other roadside features were presumed to be less hazardous
becausg of lower vehicle speeds. Secondly, the probability of sevére
occupant injury was presumed to be directly and primarily related to the
intensity of-vehicle collision accelerations. It was thought that by>
désigning roadside hardware to limit high values of vehicle accélerations
the frequency and severity of occupant injuries would be diminished.

This research produced findings which imply that these traditicnal
assumptions may not be completely accurate.‘ This study indicated that {(a)
even when subjected to what has generally been considered severe impact
conditions, occupants- are not severely injured, and (b) vehicle trajectory‘
and stability after the initial collision are major factors in the
causation of occupant injuries. The following sections discuss these

findings in detail.
The Flail Space Model

Traditionally the dynamic performance evaluation of longitudinal
barrier systems has been accomplished by assessing kinematic and dynamic
quantities derived from carefully controlled crash tests. In additien to
requiring that the vehicle be smoothly redirected and remain upright, the
peak 50-millisecond average lateral and longitudinal accelerations were
acquired and evaluated based on the assumption thaﬁ the severity of
occupant injury in a‘longitudinal barrier collision was primarily a

function of the vehicle's collision dynamies. Chi(1) provides an
j ‘ :
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informative historical evaluation of the many pre-NCHRP Report 230 injury-

evaluation eriteria.

NCHRP Report 230(2) advocated the use of the flail space concept and
the occupaﬁt risk criteria which linked vehicle kinematics to the -
oceupant's risk of sustaining physical injuries. The occupant risk factor
is the hypothetical impact velocity of the occupant wiﬁh‘the'vehible
interior: fhé gbea;gr the occupant impact velocity the more severe the
resulting injuries. The occupant is assumed to behave as a free missile
that continues to ﬁravel with the pre-collision trajectory and velocity
while the vehicle responds to the collision forces. In eésence,'the
vehicle compartmeﬁt moves toward the occupant, striking the occupant at a
determinable velocity. This concept allowslall of the previous occupant
severity ind;qes to bé unified in a singlé value: the occupant risk

factor. .

At the time Report 230 was wri;ten, there was little evidence to
establish threshold values for the occupant to passenger compartment
impact veloéity required to prevent severe ‘injuries. Some data were
available for frontal occupant impacts into the windshield from crash
cushion studies. No data‘wére available, hqwever,‘for occupant lateral
impacts inte the’door during redirectional collisions. In addition, there
were no comprehensive data available to establish flail space dimensions

appropriate for calculating the occupant risk factor.

» To better define the flail space envelope, a survey was made of
tybical 1978 to 1984 vehicle interior dimensions to determine the
distribution of flail space distances. The following equation, which can
be used to calculate the occupaﬁt's impact velocity with the vehicle
interior when ;he vehicle i; not yawing, illustrates the importance of the

flail dimension, s.

e o



.A :lé(trto) ‘ ‘ . (2)
where
= occupant-compartment impact velocity (fps)
A = average vehicle accelerations (ft/sz)
ap = actual vehicle accelerations as a function of time (f/sg)
'ty = time of occupant-compartment impact (s)
ty = time of vehicle impact with longitudinal barrier (s)

For relatively long collision events such as redirectional
collisions, the occupant impact velocity increases as the square root of
- the appropriate flail space distance given the same average acceleraﬁion.
This implies that occupants in "spacious" compartments where the flail
space is maximized are‘more at risk. Table 1 summarizes the results of a
passenger compartment survey which was performed using data from the New
Car Assessment'Program {NCAP) on 1978-1984 passenger sedans; appendix A
provides additional details of the passengé: compartment subﬁey. ‘To
create a "worst case" scenario the passenger was assumed to be a éth-
percentile female seated in the right front passenger posiﬁion uith the
seat in the rearmost position. The Report 230 value of two feet was found
to be an appropriately ‘conservative yet realistic value for the longitudi-
nal flail distance compared to 22 inches (55.9 m) shown in‘tabig 1 for the
75th percentile value of the dimension HW. For the lateral flail
distance, values in table 1 range from 7 to 13 inches {17.8 to 33.0 cm)
for the dimension HS and a 12-inch (30.5-bm) lateral flail distance was
deemed appropriate as suggested in Report 230.. The data of table 1, then,
‘indicate that the Report 230 recommendation of 1 ft (617Q cm) in the |
lateral direction)and 2 feet in the lbngitudinal direction‘are in fact

representative of the-vehic;e‘population.



Table 1.  Typical passenger compartment-clearance dimensions.

. Median* 75th Percentile®

Dimension " Range* Distance . Distance
HW 15-24 20 o
cD 19-24 21 22.5
cs . 10-17 13 15
HS 7-13 | s 10
AD | 17 4 o 5.5
HD 5.5-9.5 | 6 | 8
)51: S 11-20 I 13
HR | 4-10 8 N O
KD

3-10.s 2 7 . - 8

+Dimensions are for a 5th percentile female seated in the driver position
with the seat in its rearmost position.

*The dimensions are, to a small degree, functions of the vehicle weight.
The values reported are for 1978 to 1984 passenger cars with core weights
-greater than 3680. ' .
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Anthropometric Dummy Sled Tests

To establish a linkage between the flail space model‘and“opéupant
protection standards used by the NHTSA, a series of.sled tests were.
conducted in which unrestfainéd anthpopometric'dumm;es were observed
during.simulated small gar'frontal'and side impacts. Tﬁé pubpdse of these
tests was to assess the validity of the flail_space-concept, therefore,
actual flail.diStances were used to calculate the:occupant riék.factor.
Fﬁll détaiis‘df thesé'pendulum tests.appear in appendix B. Thfee fronﬁal
tests were perfbrmed-in‘which:the passenger compartment underwent velocity.
changes of 25, 35 and 45 fps (7.6,.10.7 and 13.7 m/s) at acceleration
rates gf 4.7, 9.8 and 16.6 g's, respectively. Four side impact. tests were-
performed in which;thg passenger compartment experienced velocity changes
of 20, 30, 35 and 45 fps (5.1; 9.1, 10.7 and 13.7 m/s) at constant
accelerations of 2.6, 9.4, 14.1 and 18.4-g's, réspéctively. o

A 1979 Honda Ciﬁic passenger compartment;body buck with standard
bucket Seats,qas‘usedvin thesé seven tests. A Part 572 Sth-percentile
female dummy instrumented accerding to FMVSS 208(3) was'positibﬁed in a
normal attitude w;fh'the seat in the rearmost pesition for the frontal
tests. A 165-1b 50th-pércéntile male side'impact dummy {SID) was used, in
the side impact tests. ,Figures'1 and 2 shoﬁ'sequential photograbhs from
;he’test series and illustrate typical trajectories of ‘the bccupant in .
frontal and side impacts: A summary of the Sléd tgst.findihgs'is

containéd in table 2.

The findings shown in table 2 confirm the hypothesis that the
simulated occupant behaves like a free missile. The océupaht‘riSk factor’
‘cbmputed from the sled acceleration pulse using thelfree missile
assumption compares favorably with test signals produced from the dummy
acbelerometers for both frontal and side impacts. The cAlculated occupant
impact speed wWas reasonably close to the observed values as shown in

‘table 2, thougn the calculated values become more accurate as the



Reproduced from
best available copy.

Figure 1. Typical frontal impact.
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Table 2.

Testc No.

SLed'Response(a)(c)

‘Change in Velocity (fﬁ&)
Acceleration (g's)

‘-0ccupant Risk Data

Time to Head Impact (sec)(b)

Average Sled Acceleration (g°s)
Measured Occ. Impact Velocity (fps)
Calculated Occ. Impact Velocity (fps)

Head Injury Criteria Data

. HIC
HIC Duration (sec)
Head Severity Index

Thoracic'Trauma Index Data.

Spine g's - Tl2y

Upper Rib g's - LURy
Assumed Age (yrs)

Weight (lbs)

TTI

Probabili:y of AIS > = 3 (%)

(a)
YD)
lateral and used in velocity calcula

(c)
female in frontal collisions.

12534

12.5
10.7
41
165

Buck was a 1979 Honda Civic passenger compsrtment

tions.

Sled test resuits.

2533

30
-800

0.049
-9.4
14.8
18.1

121
0.006 .

163
36.4
30.4

165
91

2535

35
-15.0

0.048°

-14.1
2l.8
22 2

193
0.010
221.

32.1
47.7

‘165

97

Flail distances were measured as 22.5 inches longitudinal and 6.5 inches

Side impact dummy was used In side impacts and Part 572 S5th percentile

2540

40

-18.4

©0.042
-18.4

4.9

25.3

316
0.006
569

65.2
46.7
41
165
113
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Table 2. Sled test results (continued).

FRONTAL IMPACTS

Test No. o 2538 2537 2539
Sled Responsé(a?(C)
Change in Velocity (fps) ' . 2% 35 45
Acceleration (g's) " ‘ =5.6 -10.9 -16.8

Occupant Risk Data
(b)

Time to Head Im93Ct ‘ 0.140 0.105 0.085
Average Sled Accel's (g’ s) : -4.7 =-9.8 =16.6
Measured Occ. Impact Velocity (fps) 21.1 33.2 45.6

Calculated Occ. Impact Velocity (fps) 23.5  34.4 45.8

" Head Injury Cri:e:ia‘Daca-

HIC . 87 468 1345

HIC Duration (sec) ” 0.061  0.030 0.014
Head Severity Index ‘ 30 55 94
Peak Chest Accelerations (gis) B - 29.7 " 55.0 94.4

(a)

Buck was a 1979 Honda Civic passenger compartment.

(b)

Flail distances were measured as 22.5 inches 1ongitud1nal and 6.5 inches
- lateral. :

(c )Side impact dummy was used in side impacts and Part 572 5th percentile

female in frontal collisions.



accelerations increase, tending to overestimate the occupant risk factor

at low accelerations.

For frontal impacts,vthe dummy responses tend to support the 30 fps
(9.1 m/s) occupant risk value suggested in Report 230. A Head Injury.
Criteria (HIC) score of 1345 occurred when the anthropometrrc,dummyvheadv
impacted the windshield at about 46 fps (14.0 m/s). By interpolating the_
data in table 2 it was estimated that a head impact'velocity of 40 fps
(12.2 m/s) would result in a HIC of 1000, the critical'value established
in FMVSS 208. 1In Repoft 230 a safety factor of 1.33 was applied to the
40 fps (12.2 m/s) limit to arrive at the 30 fps (9.1 m/s) design limit.
Chest accelerations also exceeded the FMVSS 208 60-g criterion for the-
46-fps (14.0-m/s) dummy impact condition. In redirectional testsj‘how-
ever, the longitudinal occupant risk is generally not a critical parameter
since longitudinal accelerations are rarely sufficient tojﬁrbpel'the
occupant to the instrument panel. For this reason, the remainder of this

volume will be primarily concerned with the lateraIVOCCUpant risk factor,.

For side impact sled tests, the anthropometric dummy responses were
surprisingly low. Historically (i.e., NCHRP Report 153)(ﬂ), lateral
vehicle accelerations of 5 g's were considered high. For test 2540 in
table 2, the sled was accelerated laterally at -18.6 g's, and the
resulting HIC was a mild 316, well below the FMVSS 208 threshold of
1000. The maximum occupant risk factor was calculated to be about 25 fps
(7.6 m/s) which exceeds Report 230 suggested design limit of 20 fps. It
should be noted that the actual lateral flail distance of 6.5 inches
.(16.5 cm) rather than the 12-inch (30.5-cm) value suggested in Report 230

was used in deterhining the occupant impact velocities,shdun in table 2.

Another injury measure better suited to side impacts is the Thoracie
Trauma Index (TTI). Eppinger, eﬁ al(S) developed a family of curves which
relate the TTI to the probability of sustaining a given level of injury.
This relationship is shown in figure 3 and the TTI is defined by the

following equation.
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Probability of Injury (%)

100

80

- 60

40 -
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so 100 150 200

Thoracic Trauma Index (TTI)

,
Figure 3. Probability of injury versus TTI.(A)
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TTI

. Weight o
.4 Age + 0.5 (LURy + T12) AeLE (3)

where
(AGE = occupant ége (years)

LURy
T12

left upper pib y acceleration {g's)

y Spinal y acceleration (g's)
Even éb a vehicle lateral acceleratjon of -18.6 g's and an occupantiimpact
veloeity of 24.9 fps (7.6 m/s); the probability of a hypothetical 41-year
old 165-1b (74.9-kg) occupant (TTI = 113) sustaining an AIS of 3 or
greater is only 0.16, and the probability of sustaining an AIS of 4 or
greater is nil as shown in figure 3. The probability of severe injury
(AIS >=4) is very remote for this cccupant even under impact conditions
which are generally considered to be severe.

' The sled tests illustrated two important points. First, simulated
occupants do behave like free missiles during collisions and their impact
velocities can be calculated knowing the compartment geometry and the
vehicle accelerations. Second, the lateral occupant risk design limit of
20 fps (651 m/s) shown in Report 230 as well as vehicle acceleration

values contained in NCHRP Report 153 may be unnecessarily conservative.
Accident Analysis of Oecupant Injuries-

To further investigate the apparent noncriticality of the lateral
occupant risk faetor during redirectional crash tests, a number of
" longitudinal barrier accident cases were examined in detail. Since
5 perceht(e) of all fatal acecidents, as shown in table 3, can be’
attributed to an impact with a longitudinal barrier one'mightlreasonably
question the conclusions of the last section,

In order to examine the importance of lateral impact velocity in real

highway accidents, it was necessary to isolate those accident cases in

12



‘Table 3. Distribution of most harmful events where the first:
object struck is a longitudinal barrier.(3)

Longitudinal Barrier is the
First Harmful Event

Most Harmful Event ‘ E _ No.)  _(™

Overturn, Non;collision o : 453 31

~ Other ﬁon-collision ' : 116 8

Non-fixed Objects ‘, 115 8
Longitudinal Barrier* . 442 31 :

Pier/Abutment/Parapet End , 73 5

Other Fixed Objec£3' : ' . 242 17

?otal Longicudinai Barrier** - 1,441 100

Total Fatal Accidents’ g 27,516

*Most .harmful event may not necessarilv be the first harmful event.
It may include subsequent impact with same bridge rail or a bridge
rail across the highway.

**longitudinal barrier accidents represent 5.2% of the 27 516 fatal.
acc;dents



which the lateral occupant impact velocity was the principal injury
preoducing mechanism, All cases where some other aspect of vehicle
dynamics or barrier performance that could have caused the occupant

injuries were screened from the data base leaving only those where the:

. Barrier was .the first item struck by a passenger sedan;

. Vehicle was tracking before the first'impact (i.e., heading
angle and velocity vector were within 10 degrees);

. Vehicle was smoothly redirected after the first impact with no
signs of vaulting, penetration or severe post-wheel snagging;

. Flrst 1mpact was not wlth a brldge pier, barrler termlnal or
‘ end treatment;

, Vehicle did not roll over as a result of the first impact.

Using these criteria, 25 accident cdses were selected from the Narrow
Bridge Study data base of 124 bridge related accidehﬁs.(7) Of the 124
narrow bridge cases 43 were eliminated because they involvéd a first
. collision with an end treatment or guardrail-bridge rail transition.

Table 4 shows characteristies of the remaining 81 narrow bridge accidents
which occurred along the midspan of the barrier system. The vehicle was
not tracking in 46 percent of the cases and of the cases uhere'the vehicle
was tracking, only about half met the "proper” petformance ¢riteria listed
above. Occupants suffered. serious to critical injury in only 3 of the 26

eligible cases.

In order to supplemeht this small sample size, the Longitudinal
Barrier Special Studies data base from the National Accident Sampling
System (NASS) for the years 1982 and 1983 were surveyed and 139 cases were
deemed eligible out of a total of 555. The tota; number of eligiblé cases
was therefore 165. |

One of the most b351c and w1dely used measures of occupant 1njury is
the Abbreviated Injury Scale (AIS) (10) which is briefly llsted belou

14
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of 81 bridgerail accideﬁts.(ﬁ)

Table 4. Characteristics
Result of Second Impact o
No Redirected _Redirected o o I
Second " or Spinout Into Another © Vault/
Impact "~ to Rest Roadside Feature Rollover Override Totals
g .Redirected or 7 9 8 o 2 26
o0 skid to stop
oo
Za s 4
x 9 nagged 2 1 ?
O g -~ . —_ - - -
e = .
& | Penetrated 1 1
¢ o ,
C B V1 y .
E Al “Vault/Override 2. 2 3 1 8
o -
> Rollover 2 2
Total 14 13 13 - B B C 2 44

o Redirected or. 7 13 - 20
ks, ~skid to stop
! .
o :
& ol Snagged 3 75 1 1 10
L4 '
2 Bl Rollover ) 3
© o — -
3 @ Vault/Override 1 2 1 4
@ | Total 15 20 2 1 37

Totals 29 33 15 . 2 ‘ 2 81




AIS ‘ Injury
1 " minor -
moderate non-life threateﬁing
’seriousl' '
severe
critical " life threatening -

unsurvivable

B e LSRN | B~ VST N

Each individual injury is assigned an AIS scofe by the. accident
investigator. For example minor cuts and scratches on the face may be
scored as an, AIS of 1'andva broken rib may be reported as an AIS of 3. A
frequently used measure of the severity of all occupant trauma is the
maximum AIS (MAIS). The MAIS is the highest AISvexperienced by the
occubant. Thus, the MAIS of the occupant ﬁith facial cuts (AIS = 1) and
broken ribs (AIS = 3) would be 3. N

An AISlofVH or above is defined as life-threatening. The intent of
Report 230 was to select an occupant risk design limit such that occupants
would not sustain an AIS 4 or greater injury. Report 230(2) on page 30
states that: S )

"An attempt has been made to set threshold values at a level
equivalent to the American Association of Automotive Medicine
Abbreviated Injury Scale (AIS) of 3 or less.(9) AIS-3 classifies the
resulting injury as severe but not life threatening.” .

- Report 230 states in the passage quoted above that all injuries of
AIS-3 or less are acceptable though hardware developers should always
strive to minimize occupant injufy, Hence, the intention of Report 230 is
primarily to eliminate life-threatening injuries, that is injuries of
A1S-4 or g;eater.' ' | '

Table 5 shows the distribution of the MAIS in each of the three data
sources. Nearly 90 percent of the eligible cases shown in table 5 (134
minor cases and -4 serious cases) exhibit injuries which are below the
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Table 5.

Distribution of injury in three data bases.

‘ Eligible Cases'?®) 7
Known Injury Severity Unknown Severity
‘Total Minor Serious Severe ‘ o .
Cases in 0<MAIS<2 2<MAIS<4 4<MAIS<7 | MAIS = 7 MAIS = 9
Source Data Base| No. b4 No. 4 No. . 7% No. 7 No. 2
1982 NASS LBSS 1292 61 209 | 6 2.1 {1 03| 4 1.4a) 1 0.3
1983 NASS LBSS 263 50 19.0 | 7 27| 0 00| 4 1.5 5 1.9
Narrow bridge 124 29 18.5| 1 0.8 | 2 16| 0 o0.0| 0 0.0
, | - - 7, - ___1 _
Total 679 134  19.9 | 14 2.1 k| 8 1.2 6 2.3 | 165
(a)Eligible cases are those where (1) Longitudinai barrier struck by a passenger car
: ' - (2)

velocity vector are within 10°)

3)

vaulting, rollover, severe snagging or penetration

(4)

Vehicle tracking before impact (1.e., heading angle and
Vehicle was smoothly redirected after ‘first impact; no’

First impact was not with an end treatment or transition




design injury limit of 4. Only two percent of the eligible cases exhibit
severe injury. It appears that the majority of vehicle occupants escape
severe injury when the vehicle is smoothly redirected and remains upright
‘after a longitudinal barrier collision. Unfortunately the severity of
occupant injury is unknown’in almost 9 percent of the eligible cases

(8 AIS 7 and 6 AIS 9 cases).  There areltwo ways'in which a NASS investi-
gatién can code an unknown injury. An AIS of § is used when the occupant
cannot be located or departéd the accident scene before any officials
arrived; Generally an AIS of 9 indicates no injury or onlylminbr injury

since the cccupant was capable of leaving the scene.

An AIS of 7 indicates there was an injury but of unknown severity.
Unlike the RIS of 9, an AIS of 7 is often used by NASS investigators when
severe injury occurs but supporting documentation such as autopsy or

hospital records cannct be obtained.

- The NASS Continuous Sampling System (CSS) data for 1984 was used to
calculate the prbbability of an AIS of 7 being coded when severe injury -
occurred. As shown in.téble‘6, the‘probability that any of the eight
cases coded as AIS 7 included injuries greater than or equal to an AIS of
4 is very low. All 8 AIS 7 cases and all 6 AIS 9 cases can therefore be
grouped with those below. the AIS of 4 guideline. Thus, the 8 AIS 7 cases
and the 6 AIS 9 cases can -be grouped with the 134 minor cése$ and the 14
 serious injufy cases to show that 98 percent of the eligible cases
indicéte an acceptable level of,occuﬁant injury. Severe injuries were

noted in only twoe percent of the eligible cases.

The 17 serious and severe injury cases in table 5 weré.recohstructed
in detail to determine exactly uhat'feature of the accident caused these
injuries. Each of the 17 cases studied with sericus to unsurvivable
injuries would have passed the two provisions of the Report 230 criteria
requiring the vehicle (a) to be smoothly redirected and {b) to remain
upright. With onlj three exceptiohs, all of the cases in table 7 involved

a subsequent collision with the same or another roadside feature. The
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Table 6. Relationship between AIS of 7 and police reported accident severity.

Thése are the 8 cases with AIS 7 from Table 5

Police Reported . . Probability of(a)r' No. of Eligible(b) Probable Ho. Probable No.
Injury Severity . AI1S>?2 AIS>4 AIS 7 Cases Above AIS 2 Above AIS 4
0 - none 0.0050 | 0.0001 V] 0.0 0.0 l
C - possible 0.0927 0.0016 1 0.0927 0.0016
B - nonincapacitating 0.1592 0.0057 -3 0.4776 b.0171
A - incapacitating 0.4181 0.0438 3 - 1.2543 0.1314
K - fatality 0.6104 0.4416 0 0.0 0.0
u- uhknoun 0.2210 6.0166 1 0.2210 0.0166
| rotaL 8 2.0456 © 0.1667
USE - 2 0
;a;nén 1984 NASS CSS data
~ (b
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Table 7. Summary of'caseé with serlous to ',unsurvi\fable injuries.

: N Firss lapact Second lapsct
Data Vehicle Number - Speed Angle MALS Occupant Speed Angle KAl
Rasse Case No. Role Velght of lmpacts {mph) (deg) First lapact Rlak (fpw) (ogh) {deg)  20d lmpact Qbjact Struck
MASS 81-53-0107 rul 13165 2 90 26 2 Y 66 » 2 " sridge retl
MASS 82-81-078v DUl 3397 ] e - 2 1 6 Y] T 2 Cusrdratl )
"MASS 82-75-507v oul 1813 2 46 15 0 15 t %0 ‘. Bridge piller
MASS 8)-12-932v DUN 2546 ? 56 3 0 1 . 7 - 90 ? Ueilicy pole
mss.  8)-5)-0107 DUN 1365 2 % 26 1 » 6 1 2 Bridge rail
wss $3-19-10v - DUN 61 ) 6 - s 0 12 ” " ) Medisn barrier
mass - 82-52-08)7 oAl 2444 1 n o % 3 46 ‘ Wone
. mass 02-15-125¥ oAl - 3541 2 ? 2 0 K} ? s ) Cuardratl
mss 02-78-5111 oal 43535 ' $7 3 2 4B . ) Mooe
nass 63-02-07%t D&l " 2 9 Y () 18 » 0 S S Tree
uss  82-33-293v oaN 2041 ] Iy 7 n [ s 12 2 Dicch
MABS - 82-06-5112Z onN 1981 0 3 0 3 » . : . Wona
NASS . 8)-30-3)6T DRN 1062 2 n . 3 - 0 10 49 [} ) - Median barriar
MASS 8)-72-%17 Dan ) 28 2 0 1 2 9 45 1 Madian barcler
. MASS 83-02-52W oaN 4208 2 64 10 0 ) Y 39 T ] Madian barrier
Nas €0-03-04-068 DUN 1977 2 61 8 1 Y LY 1 ) Bridgeratl
NS 80-03-22-01 DUl . 1980 4 T 10 ° 12 T n % s Sridge pillas
NAS  79-12-0%-049  Dam 4318 3 52 s [ ' 10 %0 4 Winguell



reconstruction process therefore involved determining the speed and angle
for 2 or 3 collisions. The vehicle deformation energy was calculated
using the damage analysis portion of CRASH3(8), barrier deformation energy
was estimated using BARRIER VII, (9) and energy dissipated by tire- ground -
'frlctlon during the trajectory Was estlmated by hand analy515 methods. By
proceeding from the last event to the first and summlng all the energies -
of vehicle and barrier deformation with the energles lost through tire-
ground frlctlon ‘and braking a reliable estimate of the impact speed can be

produced

Occupant injuries were.assigned to'péfticular impact eventé with, in
most cases, a high degfee of certainty. Where there was uncertainty the
‘injury was assigned to all phases equally. Figure u shows a typical
diagram of the vehicle trajectory, occupant injuries and vehicle interior.
'Using these pieces of information, it is-‘possible to match'injuries with
the events which caused them. For example, the dislocation of the
occupant's left shoulder shown in figure 4 can be assigned to the first
collision. This is confirmed by tnhe damage to the driver's side door
shown in the interior sketch and the vehlcle S pOSltlon shown in the
trajectory sketch. The lacerations on the right side of the head can be
aésignéd, based on the occupant contact poxnts in the interior sketch, to
the second collision. Slnce it is dlfficult te determlne which phase of
the accident caused ‘the concussion it was attributed equally to both
impacts. The occupant risk factor can be calculated from the impact
conditions using the methdg‘presented in volume III and then compared to

‘the actual level of injury experienced in each phase of the accident.

4 summary of the 17 cases studied in detail is shown in table 7.
When thé MAIS for each of the multiple imbacts is examined, it becomes
apparent Ehat none of the occupants suffeped‘severe injury in the first
impact. Recalling that these. 17 cases are-those 2 percent of eligible
cases where severe or serious injury occurred, it abpears that the first
impact in all 165 eligible cases in table Svresultéd in injuries less than

the design limit of 4. In fact, 96 percent of all eligible cases resulted
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in only minor injuries: '13u minor injury cases from table 5, 13 of the 17

cases summarized in table 7, & of the. 8 AIS 7 accident cases, and all

4I5S 9 cases.

The original intent of this research was to discover some
relationship between Ehe dccupant risk factor and the actual level of
injury sustained in real highway accidents. Figure 5 shows a plot of the
occupant risk factor versus the MAIS for the first impact of each of the
serious and ‘severe injury cases shown in table 7. None of the 17 accident
cases resulted in a life-threatening injury after the first impact.

Figure 5 lllustrates the apparent relatxonshlp between the cccupant risk
factor and the MAIS. Injuries greatef than or equal to an AIS of 4 do not
appear likely until the occupant risk factor is in excess of 40 fps

(12.2 m/s), twice the Report 230 suggested design limit.

Typical Values in Full-Scale Crash Tests

The sled test data indicated that serijious 1nJur1es were not llkely to
ocecur for what has generally been considered to be severe impact
conditions. How useful, then, is the occupant.rlsk factor for evaluating
'longitudinal barriers?

~ Since Report:230 was published in 1931 nearly 300 full scale crash
tests have been perfofmed at Southwest Research Institute alone. Rarely.
has a test device been disqualified due to the occupant risk c:iteria
alone. Table 8 shows a brief summary of the impact conditions, eccupant
risk measurements and 50-msec average accelerations from a research
prbject (1) which involves a number of crash tests of operationallbfidge
"rails. Bridge rails are generally rigid'barrier systems, and therefore
provide minimal energy dissipation during collisions; the highest values
of the occupant risk factor should he observed during bridge rail tests.
Table 8 shows that even in rigid barrier collisiohs the occupant risk
factors are generally in the same range that was shown to be non-critical

for the sled tests in table 2. The probability of an occupant sustaining

ra
(V%)
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Table 8.

Occupant risk values for 15 bridge rail crash tests.(10)

a. 20-degree tests utilized Honda Civics and 25-degree tests utllized
Plymouth Furys. o ’ '

b. From transducer data.

Impact a.

Conditions. Occupant Risk b.
Test Speed Angle Frontal Side
No. (mph). (deg) - (fps) (fps)
NBR-1 60.i 19.3 7.2 21.8
NBR-2 61.4 24.9 3.0 21.6
NBBR-1 61.4 20.0 5.3 20.7
NBBR-2 58.4 26.3 - - 9.9
~ NCBR-1 59.7 18.8 14.0 22.7
'NCBR-2 60.0 25.0 16.6 31.2
OBR-1 58.6 18.8 0.8 19.9
OBR-2 60.8 24.3 20.9 26.0
OBR-3 60.0 25.0 0.9 28.2
KBR-1 61.9 20.3 11.5 1 20.4
KBR-2 60.5 24.0 10.0 23.3

OHBR-1 60.6 19.6 1.3 20.6
OHBR-2 60.0 25.0 7.0 . 25.1
LABR-1 60.4 18.8 - 23.6
LABR-2 59.7 19.1 ° 14.0 22.8

50 m-sec Aigb'
Vehicle Accel

Front
(g's)

-5.8
-6.3

~-4.9

-5.9
-8.1
-6.9
-3.3

- =5.2

-5.2
-7.5
-8.3
-5.6
-6.1
-4.4

-5.3

Side

(g's
12.6

8.4
13.5
8.2

12.9

17.9
10.2
13.7
15.9
11.2
13.4
11.4
12.1
12.8
10.8

-- Hypothetical occupant did not displace the required 24 -inches.

Comments

Smooth Redirection
Smooth Redirection

Smooth Redirection

Smooth Redirection

‘Smooth Redirection

Smooth Redirection
Smooth Redirection
Snagged Hood

Smooth Redirection -

Smooth Redirection
Severe Snagging

Smooth Redirection
Sapqtﬁ Redirection
Smooth Redirection
Smooth Redirection



an AlS of 4 or greater injuries would 'be remote even for these 15 typical

rigid barrier installations.

Clearly there are two problems with using the ;aterél cccupant risk
criteria for évaluétingllongitudinal barrier crash tests. Firsé, as the
sled test ard accident data imply, sericus injury does not appear likely
at the current Report 230 design limit for.lateral occupant risk of 20 fps
(6.1 m/s) or even at ‘a more liberal value of 30 fps (9.1 m/s). The
accident data imply that severe occupant injury is not likely until
lateral occUhant impact velocities of at least 40 fps (12.2 m/s) ocour.
‘Secondly, the occcupant risk is nearly always below 30 fps (9.1 m/s)'even
in rigid barrier tests. Hence, although the flail space concept is both
accurateland simple to use, it does not provideja measure that is
meaningful in assessing longitudinal barrier crash tests.

Discussion

How then are occupants being injured and killed in the nearly 1500
fatal longitudinal barrier accidents which occur each year?(6) Some clues

may. have been suggested earlier in this paper.

In more than 80 percent of the cases summarized in table 7, the
vehicle struck another roadside oEJect after being successfully redirected
from the first collision. For all of the vehicle occupants that
experienced secondary impacts, the MAIS was greater in the second impact
than the first, sometimes by a large margin. For example figure 6
summarizes NASS case 83-02-071T. After the {irst barrier impact the
occupant had sustained no injuries. After the vehicle was redirected,
nowever, it collided with é tree; the MAIS for the second collision was
3. Often, in the cases summarized in table 6, the occuﬁant sustained. no
injuries during the first redirection only to become involved with
another, much more serious subsequent coilision. Clearly,‘redirection

into other roadside features poses a serious hazard to vehicle
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Figure 6. Example of a multiple impact accident case.

27




occupants. The hazardous aspects of the post imbact trajectory will be

discussed at length in volume V.

"There are several possible reasons for this increase in injury rate
for occupants of vehicles redirected from a longitudinal barrier which
subsequently impact other roadside features. Although the impacﬁ speed is
nearly always less in second collisions the angle frequently increases.

In table 7, the second impact angle was larger than the first in all the
multiple impact cases.. Frontal impacts may be more injurious than side
impacts because of the greater amount of flail spaéé in which the occupant
may acceléréte as discussed earlier in this volume. .Therefore; as the
impact angle becomes larger the impact will becoﬁe more frontal and
because occupants have larger flail distances.available in frontal
collisions they may be at- greater risk of sustaining injury.

Another important feature of the secondary collision is tﬁe
occupant's position in the passenger compartment;‘uAt the time of the
initial collision the occupant is usually positioned correctly in the
seat. During the first redirecticnal collision the occupant will strike
the door surface and rebound beyond his pre-impéct position.> Thus, if a
second collision occurs, a larger flail space would be available in which
to accelerate to a higher velocity. Figure 7 shows a set of sequential
photographs of an anthropometric dummy taken during a longitudinal crash
test in which the vehicle unintentionally struck two barriers. The dummy -
struck the door in the first collision, rebounded beyond its original
Seating position, and then struck the door'again at a higher velocity
during the second collision. The dummy's flail distance was more than two

times greater in the second collision.

The ultimate cbjective of longitudinal barrier designers is to
protect occupants by shielding vehicles from more hazardous roadside
objects and to shield pedestrians from traffic. It is often a difficult
task te determine what specific aspects of a design will work best toward

these goals. For many years longitudinal barrier designers. have attempted
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to find a balance between the 'often conflicting goals of barrier
flexibility fob'vehicie occupant protection and barrier strength for

vehicle containment.

The previous sections have suggested that‘these‘éoals‘need not
conflict. A'Iongi;udinél barrier system which“performs correctly;
smoothly redirecting the vehicle without serious snagging, vaulting,
penetration or rollover, will not subject the occupant to lateral
" eollision forces oflé magnitude great enough to cause severe fhjury.
Thus, if designers ensure that longitudinal barriers perform "correctly”,
vehicle‘occupants wili'generélly be well protected in rediréctional
collisions. ' '

¢ : . . .

Although the foregoing discussion indicates that .the occupant risk
factor may not be a critical evaluation factor in longitudinal barrier
tests, the authors récommend that these measurements continue to bée taken
especiaily since they are easily calculated from vehicle dynamics.
Moreover, the vehicle kinematics and occupant fisk determinations are
critical for other roadside hardware evéluation_tests such as crash’

cushions and breakaway supports.
Conclusions and Recounmhdations

Cohclusions

When a tracking'vehicle impécts a longitudinal barrier andis
smoothly redirected and Eemains upright, the risk of severe dccuﬁant
injury in that collision‘is‘very small. Although the flail space model
and the occﬁﬁant risk criteria are useful and simple tools for estimating
the behavior of occupants in a collision ehvironment, they do not appear

to be a discerning assessment factor for redirectional tests. In the

absence of snagging, barrier penetration or rollover, it is not likely

that high values of occupant-interior impact velocity will be observed.



Since Report 230 already requires smooth fedinection and an upright.
vehicle, the cccupant risk factor is a redundant evaluation criteria. The
longitudinal occupant impact velocity of 30 fps (9.1 m/s), however, does
,appear to correlate with other frontal measures of occupant trauma such as
‘the HIC. The longltudlnal occupant risk, unlike the lateral occupant
risk, is a discerning evaluation criteria. The investigation of actual
‘Flall space dimensions lndlcated that the current Report 230 recommenda-
tions of ! foot (0.3 m) and 2 foot (0.6 m) for lateral and longitudinal

flail distances appeared to represent a reasonable worst-case scenario.

Recocmmendations
r
In view of the discussion presented in earlier sections the following

specific changes to the Report 230 specifications are recommended:

Occupant Risk Criteria

The occupant risk criteria should be eliminated as a required .
evaluatlon factor in the redirectional tests, tests 11, 12 and 30. Since
the occupant risk factor is a calculated number, it may be useful to
continue calculatlng and, reportlng its value though the occcupant risk
factor should not be used as an evaluatlon criteria. The occupant rlsk.
factor is, however, still a’ very important evaluation critefia_in

terminal, erash cushion and breakaway support tests.

&n alternative to ellmlnatlng the occupant risk criteria altogether
is to increase the allowable occupant 1mpact velocity for the lateral |
direction from 20 fps (6.1 m/s} to a higher value such as 30 fps ‘
(9.1 m/s). The authors believe eliminating the eriteria in teSts'11,}J2
and 30 is preferable. | :

Anthropometric Dummies .
- As the previous sections have indicated, occupant respohses in
redirectional collisions are far below the critical responses specified by

FMVSS 208.(3} Very'little useful information is gained from the use of

ki
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fully instrumented dummies in the redirectional tests. In addition the
cost of including instrumented dummies in the tests and reducing the
resultant data adds signifiéant costs to each test. It is recomménded
that uninstrumented dummles be used to provide a record of the occupant s
'trajectory in the ecine coverage but that the practlce of using
instrumented dummxes in tests 11, 12 and 30, the redlrectlonal‘tests,rbe

curtailed.
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Appendiz A. A Survey of Passenger Compartment Geometry

Ob jective , . , _

In the flail space cdncept, an unrestrained missile (occupant) placed
in the front passenger seat moves toward interior compartment surfaces
upon collision. After contact with the interior, the occupant rides down
with the vehicle and experiences similar velocities and accelerations.
Thus, a key determinant of occupant deceleratibnlforces and Av's is the
distance the cccupant travels before striking the interior surface af a
time the vehicle is being decelerated. The present Report 230 arrangement
positions the occupant‘two feét aﬁay from the instrument panel and -one
foot away from the door, baséd on a limited survey of passenger sedan
interiors. ' \ ‘ |

A detailed survey of passenger Sedan‘compartment geometry was
initiated to determine if the specific flail dimensions of two feet from
the instrument panel and one foot from the side door are accurate and
representétive of the actual. vehicle population. FigurefB shows a sample

of the MVMA specifications form for categorizing vehicle dimensions.

Analyses and Results

~ Within NHTSA, the Office of Vehicle Research utilizes the‘NCAP crash
test data base. Fiftieth percentile male dummies are placed in the driver
and front passenger positions with the seat in the midrtrack position.
Clearance dimensions are measured priof to a crash test to the nearest
one-half inch, Figure 9 shows a pictorial representation of the nine '
- dimensions measured. Definitions are the following: '

HH - HEAD TO WINDSHIELD HEADER - Distance from center of forehead to
metal trim above windshield immediately in front of subject.

HW - HEAD TQ WINDSHIELD - Horizontal-distance from center of forehead
to point on windshield immediately at front of subject.

HR - HEAD TO SIDE HEADER - Distance from side of head (just above

ear) to point on trim (top of window) or pillar immediately to
" the side of the subject.
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Figure 9. . Occupant clearance dimensions.
(Taken from memo prepared by NHTSA Cffice of Vehicle Research.)
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| HS - HEAD TO SIDE HINDO“ - Horizontal distance from side of head
{ just above ear) to point on window {or plllar) immediately to
the side of subject.

CD - CHEST TOC DASH'- Horizontal distance. frbm chest (near sternum) to
vertical line tangent to dashpanel immediately in front of
sub ject. .

CS - CHEST TO STEERING WHEEL - Distance from chest (near steroum) to
‘ hub of steering wheel for a subject seated in driver's position.

AD - ARM TQ DOOR - Horizéntal distance from midpoint of upper arm to
door (or other) surface immediately to side of subject.

HD - HIP TO DOOR - Horizontal distance from hip (H-point)} to door .(or
other) surface immediately to the side of subject.

KD - KNEES TO DASH - Shortest distance from knees to lower dashpanel
immediately in front of subject.

Data from about 160 crash tests Qere’analyzéd.

The data from printouts of clearance dimensions by make, model year
and weight of vehlcle received from NHTSA were stored on microcomputer,
proofed and then transferred to a SAS data set on a. main frame computer.
- A summary of the data analysis is shown in table § and ﬁhe complete‘daté

set is included in table 10.

A couple of editing steps were then performed. First, non-passenger
cars were deleted from the main data set, as well as a few vehicles where
the seat location was not mid-track. Next, the clearance dimensions and
weights of vehicles of the samé make, model and model year were averaged:
to yield a Single entry. Scatterplotsrof each dimension for both driver
and right front passenger were then produced. These are shown in,Figurés
10 through 26. Variation hés'large and the outliers were checked for

errors.

A few values were found to belcompletely out of range, possibly due
to coding or keypunch errors, Further examination showed that several of

thé questionable dimensions involyed the same crash tests. For example, a.

.37



Table 9. Synopsis of the trends shown in the
clearance dimension plots,

Clearance Seat Range

Dimension Position (fncaqgl ' Other Camments.
H ' RF 12.0-26.0 Modest variation with weight
HW R 12.0-27.0 Modest variatfon with weignt
@ RF 18.0-27.0  Little variation with weight
¢ . R 15.0-25.0  Little variation except for MIN, which
- varies between 15-20.0 inches
cs RF xx No such dimension (chest to steering
‘ calumn) for passenger
s R $.0-19.0  Modest variation and values appear to
‘ ‘ ) decrease with weight
CHS. RF 5.0-13.0  Little varfation except with MAX, and
all descriptors. appear to increese
nght!y with weignt
HS DR 5.0-13.0 L1tt1e variation except with MAX, ang
. all descriptors appear to increase with
’ . we'ight
AD RF 2.0- 8.0 Modest variation, and al? descriptors
- appear to increase with weight except'MIN
AD OR 1.5- 7.0 Modest variaticn, and all descriptors
’ except MIN increase with weight _
HD : RF 4.0-12.0 Little variation except with MAX, which
‘ : appears to increase with weight
HD OR 3.5- 9.5 Modest variation except with MIN, and
- ‘all descriptors appear to increase with
weight
MR RF - 6.0-19.0  Little variation except with MIN
HH ‘ DR 6.0-22.0 Modest variation with weight
HR RF 3.5-11.% Little variation except with MAX, uh1ch
‘ varies between 7-11 inches -
HR OR 3.5-10.0 Little variation except with HAx,_
©o- which appears to increase with weight
KD RF 3.0-10.0  Little variatfon with weignt
KD DR 1.5-11.0  Little variation, and a!! descriptors

appear to increase with weight
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Table 10. Complete new car assessment program data set.

meoIn raes wapry I71R AFIGRT TFAT PLACE  HW  Nw WA WS €3 Cf oAb

VOO RO e E R w F e N wE UnNGPE L OPOINAWELSE C ORI I ANI MO A dDOD S LPOTNNCE LU 200wl s w0y g

up L3
t 01T aeC coxrnep “n 1700 71 < 11.7 20.0 €.6 9.9 24.0 1%.7 4.2 7. V0.8
2077 e concone L4} 31709 rF . C 13.2 0.0 6.2 8.1 Q4.2 Q.0 4.- 8.2 10.7
T2 APT L CCSCOD [h] 3700 0k [= 137 20.0 6.6 8.5 28.0 19,7 .2 7.0 10.6
W 770 =T COnCQFr L1 170 RF < 1.2 3¢.0 6.7 2.1 28,3 C.0 &,9 8.2 1£.7

Tt oms avC CoxXCrED 8t 1910 Ok & 16,0 21.0 A.& G.2 24.% 18,71 @.7 A,7 1.7

[ B LN Ll CORCTED LA 193¢ 122 f T#.0 20.% 6€,) 9.9 J4.0 99.9 4.0 7.0 11.%
7 221 awg FARLF rlY L1 N1YE (F c 6. 19,6 §.% 12,0 21.3 5.1 %.6 7.8 9.%
LEPPREE Lo FICLT R7Y en (RAL fF C 5.4 21,0 9.0 11.0 2).0 99.9 a.8 0.) 9.0
o «p@ 347 PaTADOR T4 unee LR C. 18.% Ju.) 0.6 0.2 23.8 1Y % 6,7 §,% *.9
0 §E% ANC TETADCH T4 uou9y AF 4 16.4 2).8 11,0 10.9 21.9 0,0 . #.27 Yy, 68.)
11 )hu ASC SFIPIY 81 - 310 LR c 13.1 1.0 5.* 8.2 2),! 1%.¢ e.0 6.2 11.0
12 364 AmC TFIFLIT LAl i8¢ £F [ 13.0 7.7 S.¢ £.0 2).0 C.¢ 8.0 &.2 iC.
T 107 aynt #0C0 L] PRI ] re [« 99.9 19,8 ¥9,9 99,9 18,7 10.% 99.% 9¢.9
1w 102 aupt “rao 8% 2038 LY S 99.9 17.0 99.9 49,9 20.8 46.9 95.9 99,9 6.
15 357 aUnt ' tcgo LA} iR LA CR R 19.5% 20.0 6.5 9.0 21, ta.) w.& 7.9 «.
e )& aunt «ro0 L B 16 FF < 16.0 21,0 €.0 6.5 22.0 99.9 4.0 0,0 s.
17 YES SULTE IFmTURY 8 1927 CR C. 12.9 19,2 8.5 1.0 21,9 13,4 s,4 7.2 €.
19 SA4 sp[CxY CENTURY LI A A4 RF < 12,7 18,1 £.8 13,0 21.4 99.9 o, % 7.3 §.
e 042 pulLT Fivlirca 79 wuud i3 c 99,9 21.8 99,9 99,9 99.9 §9.9 99.9 99.9 7.
Moot PYITK PIVIEER | 79 wuud or C 99.9 22.0 99.9 $9.9 99.9 9.9 99.9 99.9 &,
2! W2% CADILLAC FEVILLE . ”w “y1s R C 19.% 23] 99,9 99,9 21,3 13.) 99.9 99.§% €.
DT W25 CADILLAC CSEYTLLF LL uE1S eF c 13.2 21.0 99.9 9.9 20.9 §9.9 99.9 99,9 1.
4) ST¢ CHEYROLTT BLAIEE FPY 81 ups 44 o 12.7:98.6 9.3 0,8 19,8 ©.0 «.® 5.0 ¢,
e %78 CHEVRGLFT FLAUSF vpy #3) LA RF  C 12.9 17.1 0.9 %£,0 99.9 0.8 ).8 7.¢ 6.
% W50 CHEYROLFT CH#mIFC ar Juze 4 [ 16.5 23.0 .0 1.0 21.0 1%.0 6.0 8.2 6.
F 850 CHEYAOLFT CIMSFT 82 Juze WF c 1.0 22.0 €.¢ '1.€ 20.% 99.9 €.0 B.: 7.
27 S1¢ AHRYPOLFT CHFFICE . L 120 ] < 1.7 20,2 €.% 10.% 21.0 15.0 %.% 6.5 9.
+B ®1C CHEVPOLFT CIPPITE L w1z °f c ‘15,0 9.3 6. 0.8 21,7 99.9 &.& 8,9 9.
I C2) CHEVPCLFT ZavysllFm LY 7819 re 4 17.0 15,7 8,2 8.2 18,1 12.6 4.& 4.7 ).
J7 821 THFYPOLTT “AVALIFE [ PL 1) 112 c 12.9 18.0 w.86 9.1 22.7 %9.9 %.1 6.2 =,
31 460% THFYRCLTT TAYALLEF "y yrie nE C F.7 15.5 &.,% 8.0 ¥9.0 1%.2 we,¢ &,3 %,
1. 641 CPSYPCLEY CAVILIFF L BRR1:] FF ] $.7 15.5 4,9 5.0 2.8 99.9 8.7 6.5 &,
31 ACS CMEYRCLET C2YILLER 8y 1020 R ¢ 33.0 17.2 5.2 7.0 19.0 11.3 8.0 €.27 8
T4 ANG CHSYPALFT CaYILIEF a1 J0L0 FF [ 1.0 17.0 $.2 6.3 29.0 99%.9 .2 4,7 7.
T %Y CUEYRCLET CFLFRFITY 82 7y DR [ 12.8 19.0 4.7 9.% 27.% (2.8 5.2 4.0 +.
4 ug T CNEYSOLFT ZFiLFFRITY 82 271 iF < 12.% 19.0 5.5 9.8 2a.% L] G,S 8.
T s@P CMEYEOLET TELrROITY L 1590 ot [ 13,7 20.% f.7 9.3 22.0 .0 7.5 .
18 My CPNFVEALLTT TELTE-1TT LEE 1%90 cb [+ 1).6 40.% 5.7 ¢.q 2%.2 €.0 8.1 ¢
13 473 TyL¥EALIT TURRRLTE 79 1714 h < a7 1.1 w6 %.% 23,0 2.8 8.8 =,
W” AT] FMEVEALTY TUFYATTE 12 TS FF ¢ 9.% 1).,2 8.7 %.8 21.7 €.€ 2.7 S.% <.
WY 4 T dROLFT JREVETOR en e W o 10.6 14,5 7,9 19.¢ 19,8 13,9 fe.0 09 0 . u.
u; Wi Cu-vRCLTT THFYETIF . e 26w re z 1C.7 19,8 79,9 29.9 19,8 95,9 9n,q 3¢, ¢,
L' 870 FUFW¥PALTT C)FNITTE b7 . (a7 ar) Q 1.1 15,3 S,u 7.V 19.& 1.8 2.1 4.5 &,
L S7% THRVROLEY CORNFITL L LR L&} £ 0.1 15,8 5,0 8,8 Q0.4 §9.9% 2.5 6.k 7
4 0% CHYYPOLFT ~17x71ny [ 3310 Ih [« 1.0 16.9 6.5 8.7 2).7 1%.e w7 .0 7.
84 nO% THEYROLET CITATION 80 11310  &F c 1.9 15.7 6.5 £.%5 J6.7 0.0 6.3 M.y 8.
“? «78 CNFYROLELT CITATICHE . 82 2000  DW € 1).% 19,9 7.3 1€.0 5.1 15.9 S.3 T.u 6,
“d u7l4 CHEYNOLET CITATION 82 J000  kf €. 12.1 1703 .1 6.7 27.1 §9.9 5.9 7,3 o,
9 w79 CHEYMOLET CITATION 22 JoQ0 PR < 11.8 19,1 6.0 8.t 38,8 6.8 5.8 1,2 7.
S0 a?% CHIYPOLET CITATION | 92 1000 Kb c 18,7 19.% 5.8 7.3 29,2 0.0 S.v 7.) 0,
S 477 CHEYAOLET CITATION 82 JC00 R K 18,0 21,0 7.0 10.0 26.5 6.0 %.) 6.9 7,
%4 w?? CHFYROLET CITATICH 13 Jooo F L] 4.0 20.2 7.0 10.0 28,0 99.9 4.4 7.% 9,
53 w79 CHEYROLET CLTATIOK a2 3000 . (P N 18,7 21.0 8.9 10,0 24,9 1%.7 %.2 7.1 T,
L4 w29 CYFYPOLET CITATION 32 Jooo PF L] 1We? 29.0 6.7 10.0 ¢9.0 99.9 5.% 7.1 0.

_ 4% ued CHEYROLET CITATIOS 81 3010 DR [ W.2 20,9 €.0 10.0 2u.5 1€.8 £.2 7.9 7.
S 410 CHFYROLET CITATION 82 3010 fr N ve.5 20.2 7.0 10.0 24.5 89,9 5.7 7.2 9.
.7 vy CHEYROLET CITATION L¥] 3000 L] C 73.8 19,7 8.3 9.0 Ju.8 16.0 5.0 8.8 7.
<% ugt CHEYROLET CITATICH 82 1660 kF c 14.9 21.2 6.7 §.¢6 27,2 0.0 5.3 7.) 8.
€9 ug2 CHEYROLET CITATICY 82 1002 LR € 12.3 21.) 6.7 10.2 24,1 1%.0 5.4 .7 7,
L0 us2 -MEYROLET CITATICM . 82 3002  RF € 12.0 21.m 6.C 9.7 26.% 99,9 S.u4 T.¢c 9.
€1 wa) CHEVROLET ClTaTIonm LE] 2%%) OF [4 1.8 22,3 6.8 9.1 26,6 V0,9 .5 6.7 7.
47 48} CHEYROLET CLTATION 82 2993 «f € 1.8 27.8 '7.¢ 6.1 26.7 99.9 5.5 6.6 6.
%) wpgé CHEYROLFT CITATION 82 JGeo or < 13,3 12.9 8.3 9.8 28,5 1%.8 5.) Y. o7,
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Table 10. Complete new car assessment program data set (continued).
Te 1) *HIYROLLT CCRYETTE B R1.Y 17 wf c 1.4 18,5 4.0 9.0/ 1.0 99.9 1.9 1.0 4.1
19 18R CALYROLET IPPALE 78 31578 OR [ 99.9 20.4 $9.9 99.9 99.9 12.) 9%.9 99.9 T.%
BC " VFIN THEYEQLET [WPALA 78 1375 BF € 99.9 J0.% 99.9 99.5 21,9 99.9 99,9 99.9 7.¢
¥V WY CWMEVFOLET ["FALA 79 w179 1] [ 99.9 19.F7 96.39 93.9 99.9 1A.0 99.9 $9.9 8.}
42wz} THEYROLET [vFALE 79 w179 hF € 99.9 I0.8 S9.% 96,9 99.9 21,6 99.3 9u.4 7.1
) uéd  CHEYIQLFRT [rtall et . 41id,  DF [ 13,5 21,08 7.7 t1.% 20.9 .0 ¢, Y.u 2.e
Ay Tufs AHEYPOLET IPTALA R 110 FF ¢ 12.4% 21,0 AL 17.7 20,% 9¢.9 &.5 T,7 &.%
BT ffe ~HETPOLET efield 74 F LT 1] < 1.9 18.% §.0 7.7 2G.2 €. .0 b.e 5.8
88 NE4  CRFJIPOLTT =0T ‘79 Jiud F c 10.% 14.0 «.¥ 7.5 27,9 .0 .3 5.4 b.&
87 1320 CHEYSCLET TPAILOUS “FY  an 1028 | LA [ 16,0 20.% &.0 7.8 2%.2 V1.0 4.7 7.7 4.8
Fa )28 SueyIALFT TFAILEVS PRV a0 1000, kF [ 14.5 0.2 &.% T.8 29.0 S9.9 e.0 7.3 t1.0
€9 19  (HFYSLFE IRPEFIAL =1 8562 (4] [ W.0 0.9 T.C 9.0 19.5 17.8 %,2 6.4 7.)
ant 33 CuRTYSLER  IREEFLlAL At LA-T 0 Kr [+ 1.% 19.% $.% 9.0 1%.9 §2,9 &, ¢£.)1 5.8
91 178 THFEYSLER LE BAFCN 79 LR oR c 1.0 19.2 «,% 7%.2 20.2 'e.0 3.% 7.0 €.
a7 378 CHRYSLER LE BAFCH 79 ERY ¥ af C 1.0 8.0 m.4 7..°20.0 0.0 1.5 6.9 6.3
9) w27 CHPISLER LE»!I’CI L) jasa  np T 1%.,8 21.% 99,9 99,9 20.% 13.2 99.9 94.9% 4.}
a4 527 CHRYSLER LE EAFOM | a0 i1 g rF [~ 13.0 17.% 99%.9 w¢.9 16.3 93.9 99.% 9¢.% 1.%
9% 827 CHFTSLER Lf BARON W2 1068 CR & 13.% 19, 5.5 0.8 2%.0 Y).8 A8 6.%F 6,4
9¢ 527 CHFYSLER LF BARCH a2 ALLY) RF [ 12.1 99.2 7.8 9.1 J0.) 99.9 .2 6.2 7.¢
$7 550 CHAISLER LT¥ BARDH 82 1000 oF ¢ 13,3 90.4 %.8 9.0 1.9 ts.% 3.3 7.0 8.0
98 £%0 CHFYSLEP LI BAfCY "z ‘co0  RF < A0 12,0 @.5 8.0 30.8 99,9 w.7 8.% 0.0
99 0€7 CHFISLEN LFPANCE 78 LRE Y] CF < e, 0 18.2 o.% 7.7 30.2 1.0 3.8 7.0 ¢.2
100 067 CHFTSLER LEEAPOY 748 “trgQ RF < 1.0 10.0 8.4 7.2 0.0 0.0 J).% $.% €.a
T01 %42 DATSUN STARZA 47 le08 g ] < 1.1 213 7.8 7.8 23.0 1).C 4.9 6.9 4.f
102 462 CATSUN STARLY ! &} Je86  RF < 15,1 21.0 5.8 6.9 23.1 99.9 4.0 7.0 8.0
1¢) 1886 DATSUN 200 51 a0 018 Lh C -~ 99.9 22.0 99.9 95.9 (3,7 16.% 99.% 99.3% &,)
Tc4 196 DATSUN 200 s L1} Jole R} [« 99.9 8.4 §9.6 99.% 231.% 96.9 99.9 99.9 &.2
10% 014 DATSUX 210 79 2% Fh ¢ 99.9 19.0 1.2 te.2 59.9 99,3 $9.% ¢%,9 7.0
¢4 Q)% DATSUR 10 79 w9 RF T 99,9 19.9 9.9 $9.9 99,9 99,9 89.9 95.9 &.%
167 119 DATSUN o LT3 2ulh oa < 12.8 17.8 99.9 $9.9 9.3 12,8 99.9 §%.9 .1
iea 119 catsun ne [1:3 60w (13 Ca 12.3 1%.1 99,9 99,9 19,8 99.9 §5.9 $9.% &.&
toe 381 DOOGE CHALLENGER [ B Jiow Ba < 12.5 16.1 £, 8,2 23.48 18.) 2.0 4.9 .
110 38t DODGE CHALLEKGER [ 4] 3204 F¥ < 12.1 18.9 S.1 2.4 21.0 o.¢ 3.3 S.0 4.9
111 578 DOOGE coL? L¥3 rill] ¢l R 19,6 15.7 %, T.% 19,3 12,8 3.9 7.7 T.e
112 428 DOODCE CCLT 82 240l 33 L} Te.2 10.5 4.1 9.1 0.t 99.9 4.5 8.1 =7
111 5%u ODGE JEYTONA L1 joQo oF o 12.9 17.5% 4.9 §,7 27.0 13,2 6.t 8.7 ¢.0
116 67w DODGCE TATITORA [ X3 FIe]o1] PF = 12,7 17.4 4.9 9.1 23.0 99.% 4.7 .8.7 €.7
114 071 CODCE ageLn 19 LR Y] %] [« 13.2 17,95 f.e A8 2108 13,0 8.2 6.2 1.7
116 971 DOPGE TucAuY ka e &F C 9.3 17,1 6.7 $.2 22.) 0.0 3.0 6.v 4.}
117 320 DCDCE BIRACN (3] ®1138 P < 1.0 19,0 7.0 0.8 20.) 13.0 4.0 8.0 .0
11¢ 220 MOLGE RIEADA 8o stle¢ AT fod 13.0 19.%5 5.0 8.r 0.5 9%.9 4.8 3.0 5.5
149 wus [ODCE orel k2 %70 oP c 12.% 18.% 5.% 9.% 0.7 17.2 &,0 7.0 7.8
120 wau DCOCF Jenl a2 2670 R} £ 12.2 18.2 &.% 3.5 28.5 0.0 w.2 8.5 7.0
121 18} porck ST.RESTS 75 ws? R C. 99.9 18,4 §9.9 99,9 59.9 10.7 §9.9 99.9 9.0
122 187 pOLCE ST.RECIT *9 w«S7 R¥ . € 99.9 15.6 99.9 59.9 9.9 99.9 99.9 99.¢ £.5
123 5 0OOGE [Ei) &7 104w ok < 19.% 19,3 5.5 9.0 4T, 1%.0 ¥, #.8 T.D
tiv %) DODGE uoe 82 Ve Rf o 1109 18,7 7.2 . 8.8°21.) 99.9% w.w 8.7 7.}
12¢ ¢1u poDCE 100 [§! 3t L} [« 1).% 19.0 L.& A.5 71.% 15,5 5.0 5.8 7.1
126 514 pODGE 600 81 1190 RF < 13.) 1.4 50T 8.% Q1.0 99.% 5.2 b.7 4.5
127 196 FIAT STNADA (17 2707 nT ¢ 16.3 9.0 99,9 99,8 24,]) '4.& 99.9 §9.9 4.}
12k 19w FIAT STEADA 80 2107 EF c 11.) 8.9 99.9 99.9 J0.) 99,9 99.5 39,9 6.}
129 4RO FORT PPCRCO (%3 0us On [+ 12.8 17,4 5.4 11,0 29.% 10,0 u.e 6.1 .0
110 S8C FIRC RFCORCD [E) Jjeus RF < 1.1 19.% 7.3 9.% 23.8 99,9 u,s 6.7 0.1
131 INF FUBRD FECoRT L] %30 rh C T1.7 t¢.2 5.8 t.? 20,2 10,7 L% AR 1w
197 26¢ vOPL FSInpEt LK} 2390 Ft < T1.0 t&.% 4.2 &.7 M.E 0.0 3.7 5.0 w,*
1131 &C7? FOBD ESCIRT L8] 2478 of [ 99.9 99.9 99.% 9Y.9 39,9 99,4 9,3 F9,.9 95,9
14 w07 FIED Fremet 82 ] SF c 99.9 99.% 79,3 5§.9 5¢,9 96,5 G¢.5 93,4 J&.¢
i ogel FLAR FLCORET € N TH [ 1%.0 21.1 6.8 Toc iZ.) VeuE 1) 2T 4L
T3¢ w%2 FORD FSCCRT [ 24 % 5F z t8.C 2.1 4.5 7.z ;1.6 99.9 1.% 4.8 T.¢
Y17 140 TRRE ITP L ¥} AT Y [ C 13.¢ 17.5 T,y o=, 0 20.2 1101 2.8 6.0 et
138 )45 FORD (#14 L FELLY “r C 3.9 14,2 7.0 9.,) 1.8 99.9 3.8 S, a.:
119 %49 gaed EXF [ 2090 TR c T2.4 18,5 5,8 8.7 2.0 11.& 3.2 5.7 &.a
120 %49 FIRD EIP L3 2896 aF < 12,5 YE.8 5.5 8.0 1.0 9%.9 1.7 %5.% .¢
1t 047 FCRD ™ ‘FAlRPORET Ty 3Jae h c 13,0 18,5 6.0 ®.C 0.7 14,1 c.v 8.3 6.7
142 602 FoAD " FAIR®OAT 7% 1300 vE C 13,1 16,5 %.% B.: 3)3.61 Q.0 5.7 1.% 7.3
141 283 FORD FIFSTA 79 2188 DR z 16,8 19,8 6.) T.€ 1.9 L0 el 5.4 5.8
Tus 261 FORD FIESTA 79 PR L] if < 1€.2 18,8 6.2 1.9 Y2 0.0 3.0 5.8 6.1
Tus NA& FORD GEANACA .19 1980 R < 15.) 20.2 5.7 R.0 i2.7 17.0 w.% 7.2 8.7
Tudb QB8 FORD GPARADA 79 igse qF < 1$.3 20.0 5.9 7.¢% 2.9 0.0 k.0 7.8 1.3
147 471 roMb CRANADA B2 Jed0 .18 < 17.4 10,7 &.0 9.7 21.2 117 4.5 1.0 e.%
1u u?t FORD GRANADA a2 w0 BT = 12.7 19.0 6,3 9.7 3.0 99.9 .«.7 8.8 7.0 .
T4% 065 FORD iTe 79 =170 opP < .S 19.% 6,2 8.5°21.0 1).* ¢.% 9.0 1.7
140 04% FORD 1T0 19 %70 RF c 14.% 19,7 6.2 0.6 0.7 C.0 ¢.5 9,1 7.%
t41 201 TIRD Lo 79 wg1s  Oh C 99.9 8.0 99.% 59.5 99.9 99.9 99.9 §9.9 4.u
182 201 FORD LTe 79 g Ty aF c 99.Y 15,6 $9.9 98.9 6.9 99.9 99.9 99.9 7.}
19) wé® FORD i8] "2 W1l0 23] [ .0 20.2 5.0 3.7 21.0 13,2 8.2 7.3 ¢.7
145 udd FCAD 172 82 «130 RF c 13,5 20.2 3.9% 3.] i1.0 99.% ¢.2 9.0 7T.C
155 400 rOR0 Lro [F] 196 pe < P.% 16,7 8.8 B¢ W.0 10.4 1.3 N.4 6.9
155 400 FORD [54] 3) 1%8)  RF C 1oLt el 8.9 10.8 .2 94.9 5.1 m.e 6.8
187 &us FORD [8+-] [ BX 1] 4] < 12.% 19.3 5.8 B.0 0.7 3.8 N2 A.0 7,1
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Table 10. Complete new car assessment program data set {continued).
T4A suu FOP LT} 1680 13 [ 19.3 19.0 %, 7.7 20.8'99,8% w.I w.2 1.2
1qg Its FORD 79 i957  OF C 98,9 22-5 79.9 59.9 59.9 9%.. 99,9 39.9 g3
TAC 1%% FORD 19 LN SF [= 5%.9 17,7 96,9 30.5 9.9 99.3 18.9 v9.9 u.c
1R 481 FIRE du JCeo TR o 9,2 18,7 €.Q EB.¢ Q.5 11.% 3.5 5.9 .8
162 FEY FSAD TLYRC Ay ey (23 <, 9.0 14,9 5.5 8%.% 1.0 99.9 4.0 5.4 .y
163y 271 7% T4UNCEALIRE  EQ 378 Nk [ W,5 19.0.10.0 13.¢ 1.0 13.C 7.07-8.) 6.0
Tha 17T ¥TAD TUINTEACIRD  en 1) & < 12,5 17.0 10.0 17.% 19.3 9.9 &.0 7.0 s,
168 §7* FOFC TWUNPESEIRD B} 180 44 o 0.2 16.0 5.5 E.Y 19,8 12,7 w,0 8.3 <«
YA STS FCOAC ThLMDESTIFD A3 ¥au ' KF < 10.7 18.2 5.9 KR.% J1.0 9%.% w.0 &.1 §,.¢
17 &0% FIPD THUNDERPIRD 81} 1v70 Ch < 10.5 18.2 S.) E.T 0.2 1. .9 6.0 5.
T68 #Qf FCPD THUNCSSALRD B 370 RF < 10,8 18,4 S.2 N, T 70,5 95,5 W,¢ 6,07 4.3
MG )T24FIRD XA ge 3150 Dw c 11,5 17,0 €.5 6.8 21.5 14,0 u.1 €.0 5.5
170 YT12AFQR2 azrx Bo 11490 EF €' 1,0 98,9 S.C &.% 2.3 0.0 .0 €.D 7.%
171 5% HOMDI ACTCRE er 815 oF < 2¢.2 17,3 8.2 7.1 7. .7 W0 7.2 WY
172 uiS HOROR ACCrED 62 415 R C 17.2 22.9 6.2 7.0 2.2 99.9 .4 7.8 wu.u
17} 406 HCENS civice kL] 2140 Lk o 17.0 2C.% 5. F.E 29,0 5.7 .7 5.7 7.0
17 0ty HEWDE civice 79 s180°  RF ¢ 16.7 19.% S.% #.%5 28,5 C.0 2.8 6.2 PR.;
176 217 HCADS civic 8¢ 298 CE < 17.0 23,2 6.0 E.u 2.5 16.0 M.& 6.) a0
11h- 217 RONDR Livie LR i098 PF " Ye.d 22.6 €.0 E.v 8.3 95,9 1.5 (.0 o+
137 171 WAADR ~lvle [ R LY "k - 1w.s 18.9% L.8 3,0 .2 1.8 )8 %5 5.0
LRI RN Y T cretec (B} Jude 43 [ F1.7 91T.7 6.5 0,0 0.6 9%5.9° 1.4 4.5 Q.0
176 16 4PNDS cIvIC e RALE:] oK c Y125 18,0 . £.0 Q1.7 150 0 5.7 L7
g .S uoany crvic [ Jte0 FE 2 13.5 19,0 &.5 (.1 J8.8 0.0 w.0 6.0 5.
T4 869 MDVDA civic L1 ] 23 RV 18.0 21.% wu.§5 1.1 23,2 16.% 4.0 €.7 1.
182 %69 HOMDA clvic Bu 230 NF [ 15,0 27.9 w.3 7.,7°29.8 99.9 &,7 8.7 5.0
'8) 216 HOWDSR PRFLUTE L] 75848 Ck < 19,0 24.% 6.0 10.C 20.% t0.%5 S.0 €£.0 5.8
18a 21¢ WOEDA PAFLULE L1} 15u% sF b 18,0°23.,0 5.J 9.1 2,0 99.9 &,) 5,8 @&,°%
108 631 JEEP Cl »Pv¥ (1 3180 1 < 20.% 23.2 9§.9 §9.9 2t.2 1%5.0 99.9 9%.% 2,0
186 &)Y JEEP €1 =pv By 1ta0 13 ¢ 1.5 21.2 99.9 $9.9 20.0 99.9 99.9 99.9 6.4
187 204 LIWCOLM CONTIAERTIL 7% 5362 OR C 99,9 15.7 99,9 9%.9 99,9 99.9 99,9 99.9 4.0
Tl 20w LImCOLN CONTINERTAL 79 S)&2 Rr < 99.9% 19.0 96,9 99,5 99.49 99.9 99.9 39.5 §.¢0
189 928 LIvCOLM COMTImENIAL 82 [RLT] ] C " 15.8 19.6 9.5 11.% 22.1 1.8 6.1 &6.% .9
19¢ %28 LINCOLY CENTINENTAL 82 L RLT] kF [+ .1 18,86 7.8 9.% 20.) 99.9 3.3 S.e 5.2
191 S22 "alDa cLe LK} 2412 1] ¢ W, 14.5 - 8.8 &.f 20.% 13.7 ws.1 E.0 6.0
192 522 ®AlDA GLC 81 632 F [ T1.7 7.4 5.2 A5 20,0 99.9 )% 5.0 T.C
19 118 A0 [ ) L1"] Jose DR- < 12.0 17.0 99.9 99.9 20.% 12.3 9%.9 99.9 ).¢
194 118 "AZDA ] ] -840 . )068 iF c 1.9 14.0 99.9 99.% 20.0 99,9 99,9 99.% ¢.0
195 470 “alDA 624 82 2%090 4} c 13.5 16,5 .9 6.9 20,7 190.% 2.0 4.0 §.8
196 470 TAIDA (3 82 2500 RF c 13,0 17.9 .2 7.0 32.0 99.9 ),5 6.0 7.0
197 %99 wAZDA 628 81 2500 CH c 12.7 17.7 S.@4 8.8 21.2 13.% .2 7,2 .0
198 %99 "az0N (L] 81 1300 RF c 12.8 17,7 &, B.% 22.% 99.9 S.0 T.r &7
199 137 MERCEDES 2ue a0 17114 LR - c 17,4 72.8 99.9 S9.5 Ju.0 4.2 99.% 99,9 .5
200 137 PERCEIDERS 240 0 1714 LA c 1.3 21.3 99.9 99.% 20.9 99.9 99.% 99%.9 5,72
01 'SE PERCUR! PCRCAT 19 2958 ] C - 939.9 22,0 13.0 11.C 99.9 49.9 99,% 99,9 7.9
S02 196 WERCURY BOECAT 79 2998 GF < 99.9°27.% 1%4.0 195.C 99.9 99.9 99.9 9%.9 7.
203 187 "LRCURY CAPRI 79 1067 oR ¢ 9%.% 17.2 16.0 16.0 99.9 99.9 99.9 9%¢.9 .5
1064 %7 WERCURY COVPE] A Joe? SF [+ 99.9 20.7 1).E 1).8 99.5 99.% 99,3 99,9 4.5
20% 587 rEACLAY CHPRI B3 11%9 CR [ 9.0 ti.u 6.9 6€.% 8.2 0.1 4.0 T.Q 5.)
20¢ tAY wESCURT CAPF! ey, 31%0. RF . C- 5.9 12.5 "%.0 S.1 18.2 99.9 2.6 S.u 6.2
207 417 ®IRCUR! TEUCRE LY 3960 os c 0.6 16.8 5.5 8.7 30.2 1.8 4.0 6.0 5.Q
208 ¢12 MEACURTY ceetan L] 31560 44 |4 10.9 17.2 5.9 0.& 20.% 99.9 u.2 6.2 4.2
J0% £S5 SERCURTY "IRQULS 9 4224 1} [ 99,9 21.5 9%.9 99.9 99.9 95.9 95.9 99.9 7.2
210 Q%) “ERCURY PAPILILS 19 [PEL] RF c 94.9 22.% 99,9 99.9 99,9 99,3 99,9 94,49 ¢.C
171 38N =ERTURT PARLUILS . ‘At 1965 rR [ 1.2 21,0 5.7 T7.f 23.%5 1.5 S.T 8.3 10.}
2127180 <EACURY BARCQULS g 396% nf [ 19.0 21.5 5.6 7.5 21.0 99.% &.2 0.C 10.1}
Z1) %89 S[TCURISY[ CORDIN 1 ERAL] OR [« 6.8 12.2 Wa6 T, 19.4 11,9 3.8 6.5 L.
Il %89 SLTTUBISHL CORCIA B 271 aF c 7.9 12,2 4.4 6.0 20.0 99.9 W.1 B.& r.3
215 S8 *{TSUBISHI NCKTIRD 8] 187) OF [ 1¢.0 21.1 10,1 Bt 22, 15,8 2.% 6.1 2.9
DA Se) WITSUBISHT PCMTERO 41 aT) RF C .8 20,9 9.1 7.0 2t.5 9%.9 2.0 Lt.r s.%
117 75 *ITSUBLISHL PICK-LP LR ] ELRTH 4] c 1. 21,9 8.1 10.C 2203 'T.] 3.0 w.m 5.
198 %75 CITCUEITHL FICK-JP 83 HIL TS AF ¢ a9, 2003 9.4 T1,07°20.8 99,9 5.1 S.e 6.0
21§ %AR ATSThm FULS AR &) 2us0 Jp c 1).2 1.0 w7 8Lt AR N
700 98 w[SCAW MILZ s a) A0 Ab C 13, ) 219 WY Hld ¢, J.@ b.& T..
171 kbe L{SZanm CIRTFA q9; 208 [e [ 6.0 24.0 7T.4C [} TN.7 4.0 4.0 +.%
722 4w NISTwm TENTHD 82 2u5%  FF € 17,4 20,5 8.1 5.t Ll as.a W, 0 4.0 #.u
231 4BE wiSSaw are sy Jate LR [ LUPE T ' Y B SUIVR T L - B B TR B Y-
724 LBE NIECAN LL] 1170 kF c "w,3 1.0 W, T.; 2).0 97,9 1,5 6.5 e.¢
ST€ fT% 0LIIRORTLE 79 1823 CR C + 1),0 18,0 ¢,% 9.7 22.7 11,0 .7 8.0 k.l
226 029 OLDSMEBTLE CLTLASS 79 Y820 ¢ PF C 17.0 12,7 4,2 0.7 27.2 0.0 %.2 5.% 4.7
227 198 cLDSRORILE CUTLASS 19 3799 cR < 13,0 9.0 t.¢ 3,0 22,7 1),% 5.7 8.0 6.0
r20 199 QL2SRCRILE CUTLASS hd y13% wf T 12,8 18,7 8.0 2.0 27,2 99.9 %.0 8.8 V.0
S29 134 DLISROPILE CUTLASS L] ELAE] cr c 99.9 22.% 9%.9 99,5 22.0 12.% ,9-9 @%.v .0
230 116 QLPSROBILF CUTLASS 80 - 1819 Fr ¢ 99.9 24.2 9%.9 99,5 24,0 99.% 3.9 99.9 7T.)
S)1 t7w QLODSMOBILE CUTLASS L L] 1700 R C 12,0 19.0  S.% 9.2 22.0 11.4 1.7 %.a A}
732 A24 OLTSACETLE CUTLACS .13 yr00 KF c 11,5 16.7 S.8 9.5 26.5 99.9 «.% 5.0 9.¢
231 219 PEUCTDT “0u " 719 1538 ce < 14,9 20,% 9,0 &.%f 1.0 te.5 J.% 8.0 1W0.D
23u 119 fEUStOT 40w 79 1824 Fr c 19,8 19,5 7.0 #.° 20.0 %9.% 3.5 %.0 “.¢
2315 A% FFUGEQT coe 'Y 817 ok ¢ 4.0 12,2 4.0 &, 5.2 9.% ),2 6.9 8.°
216 A8 FFUCEQT 50% 3] M7 &F c 9,2 Ye.1 £.9 €,8 18.2 99,9 J.u 8.0 7.0
217 %65 PLYPOLTH CCLT YISTA L1 29m0 aE C 13.% 20.0 %.& 7.1 7).% te,2 2.7 6.0 .2
218 8eS pLYROUTH ceLT rIcTA u 9800 FI < 13.0 20,7 &.% 7T.] 24.Q 99,9 J.% %.7 9.0
T3 &R PLYPOUTH CCPIUEST [1] J170 (o] ¢ 1).2 19,0 ). t.% 22,2 16,0 1.8 5.4 &)
20 COMCUEST 1] LALL- T ] ) c 1.5 19.0 ). LB 22,0 99.9 3.1 t.s 8.0

6% PLIfQUTH



Table 10. Complete new car assessment program data set (continued).

Ju1 0%1 PLIRCUTH HCRITON 7% P11 3] of

< 9.9 1).92 99.- 5.9 99.9 €9.3 89,9 Q4.3 T.{
.77 T9Y} PLYSOLTM wQfIION 19 2661 Ff c §2.9 TH.u 3.7 89,9 49,9 99,9 99,3 e9.9¢ £ 1
SyY 1128 RPLITOUTH HoRITON LD 2840 jod ] 9 1.3 18, B S.f 23,9 'P.Y .8 S} 8.
Tel 1120 PLYIMOUTH HCRITON 30 2re0 EF c 10.) 5.0 &.F 5.8 23.5 99.% .8 6.0 s.»
[us 1728 PLYECUTH  enRIION ag 2740 GF 4 11.3 15,0 8.3 6.1 20,5 16.C .- &.§ @.%
Jug JTIB OPLYNCUTH FORIICH 30 1789 Ff ¢ 19,2 19,5 5.0 .Y J4.] 0.0 w.) 4,4 @a,p
TN 207 FLYSOUTH PELLANT LA 1900 oR < 13.0 17.2 %.%. 6.% 20.0 1%.5 w.T K., w.§
w8 29T TLYTOUTH RILIIRT LA 2950 EF [ 19.% 15.% 6.0 7.% 20.% 0.0 5.0 6.2 .0
49 w0S  PLY®QUTH RELIANT LB 910 oA c 13.5 th.Q0 8.5 7.0 22.% 15.7 w,% 8.2 6.3
780 4D09- PLYTQUTH Filiam? 81 2910 RF [= 17,9 7.7 5.3 7.0 22.) 0.0 #.5 T.% 4.}
51 wur  PLYTOUTH PFRLIMNT LF FLEN 1] < 11.% 13.% 8.0 9.6 21,0 14.) S.) 7.5 5.1
I52 wuB FLYPOUTH RELIAYT A2 807 LF [+ 71.% 13.0 &.3 1v.8 31,0 99.9 7.0 B.5 5.9
%2 447 PLYIMCUTH PELIART a) 930 on [+ 18.% 22.% A.0 9.4 2).2 7.0 €.% 8.0 8.&
J%U R&T  PLYTQUTM BELIsNT e 7%10 (14 C 15.9 11.9 4.2 9.5 23.0 9.9 §.C T.¢ R,¢
i%% %9 PLYROUTH FELIAYT LD 2913 DR [+ 18.8 20.4 4.1 9.8 27.9 8.8 .1 m.0 £.7
e4 S9)  PLYTOUTH RELT+NT 3] 910 rr C 18.7 70.5% 6.5 9,2 22.0 99.9 6.2 9.0 4.9
‘T8 28 PLY®IUTH YOLAFE | 78 1820 1] c 1.8 18,2 e.% T.f 20.2 1).2 .y 7.8 7.¢
D84 Ce1 PLY®QUTH YOLIEE kL] ALEFS:] EF c 1.8 15,6 4.2 7.% 19,5 ¢.0 1 7.0 e.¢
2%3 °3) PLINO . CHAPT - A Idte Ok [+ 12.) ¥7.7 99.9 99.9 19.) 11.) §9.9% §9.3 49 5
80 431)  PLTAQ CHAST 79 118 KF c 12,8 17.8 99.9 59.9 19.7 99.9 99.9 $9.2 ¢9.%
767 202 FORTIAT FIREe1kD 79 lege 4.4 4 99.9 72.0 18,) 16.) 99.9 99.9 99.9 §9.5 8. ¢
$82 282 PoETIAD FIPELIRD 79 ne RF < §9.9 22.0 99.9 39.9 9v.9 94,9 49.9 §9.9 6.%
287 “7a ponTiac FIFF=1PD 3} 3310 UK C 18.0 18,7 S,0 9.7 19.0 12.7 S.@ 7.7 *.s
264 STu  POUTIAC FIRE®IFD - 82 Y30 RF C . 10,0 1%,% S.0 9%.% 19.3 §9.3 €.% V.7 8.7
I8% 467 PCYTIAC FIPEFIFD | L] 1c0¢ 1 S 1.5 Jr.6 3.7 &.0 6.5 )7 2.8 8.7 e.0
Tk6 FAT PONTINC T FIRELIFE ] 10Q0 3] < 11.0 18.% 3.7 E.C 78.7 99.9 1.9 8.7 1W0.;
D67 A5 PONTINC FAE[SIERNT sy CALT:) L& [+ 5.2 12.% 6.8 10.6 22.0 15.2 1.5 5.8 ¢
TER S35 PaANTINC PAFISIEANE s [Sr1 113 [« 17.5 22.0 A7 10,7 21.2 99.9 2.0 S.T7 4.7
Jee £37 FrERULT Fer-:g Ll 7600 oF [= 3.0 18.% 5.% €,7 20.% 1%,2 1.5 A0 8.
17X 432 REWAULY EWCTEF su 24970 FF < 1).2 18.3 %.% €.7 23.2 %99.9 s.1 £E.C ",
271 a3 ) PERIOLT - FLESQ 82 9302 or < 8.7 32,0 6.% 10.9 22.8 74.% 6.0 T.8 u.?
272 as) pEwATLT FOLco L¥i ™02 ry < 4.7 18.0 4.0 9.u 3%.6 99.9 .0 T.0 1.9
i7) 112 areauL? LECAR a0 i19¢ 1] ] < 4.6 1M.0 8,8 8.2 1.7 19,2 3.8 3.7 1.9
iTe 18 pEwaQLY LECAE 83 2198 RF c 15.F 19.0 6.5 A.) 21.0 #9.9 1.3 a.% Y.»
2Tt 381 RERAQLT 1 8t £75¢ be ¢ 13.% 18.0 6.0 7.) 21.0 6,1 %.0 T.0 10.%
o786 151 PTHAQLT 19 LR 1750 AF € 13.% 18,0 4,0 7.0 8.0 0.0 S.0 1.0 9.9
7T aus  syaq . 800 82 1210 Dn C 0 19.% 23.% 8.5 9.8 1.5 18,3 &.0 1.0 1.8
ITH 4WE  SAAR 200 02 3220 RF c 18.7 23.0 6.) 9.5 .7 0.0 =.1 T.0 4.0
179 1331  SUPCRY cF 40 it 13 [« 5.8 22.) 99.9 9.9 1.0 13.0 F.9 99.9% 4.}
280 133 SUBAPU GcF- a0 594 RF c 8.0 19.) 99.9 99.9 19.9 99.9 9.9 99.9 1.}
181 289 SUEAFU [ X 1rged | L1 967 ol C 3.2 18,7 %,) T.R GG.D 12,0 3.0 6.0 .8
2602 389 <cyBaRy WAnON RO u? RF z 12.2 17.0 4.3 &,% 180.5 §9.9% ).0 T.s %.%
283 494 TOIOTA CAREY 8) 2980  OF < 2.7 18.% S.7 8.7 I1.% 13,8 3.) 4.2 S.¢
204 94 FNTOTA CARFY 8) 2980 RF < 12.% 18.%  S.2 A2 33.0 99.% 4.0 4.7 .0
285 G217 TOTOTA CELICK 79 028 DR [« 11.0 16.% 6.7 6.2 70.7 1%.8 1.2 s.0 .}
i88 D27 TATOT#H CRLICA 19 s RF C 17.% 15,9 «,% .7 .0 2.0 8.0 S.7T %5.¢€
<87 a%4  TOTOTH CELICA 282 J06d DR < 17.5 23.¢ 5.8 -8.7 1.0 ta.1 x.0 &.5 %%
8P 4ty Q10T FELICA a2 10860 RF . [« 18.3 25,0 S, W, J2.8 $9.9 M.) S.& &8
289 099  TQTOTM CORAOLLA 79 691 L] [ 189.% 23.6¢ 7.7 9.0 2.8 1%.) 2.8 5.8 t.2
2990 074 TOYOTH COPOLLA 7 PR Ry [+ 17,8 21,9 6.8 7.8 11,9 0.0 1.0 5.0 6.5
%1 %43 TovoT CCROLLA . 81 7180 oR < 13.7 17.% 5.5 7.2 Qv.0 1.5 2.8 s.1 1.9
ie2 61 roveTa COMOLLA 8) 2768 KE T 1.5 7.8 %T.e 7.2 IV.0 989.9 3.4 4.3 .0
i9) %82 t3TOTA “OPCLLA T aa 680 IR < 7.5 18,4 .5 7,2 21,0 8.2 3.5 6.0 8.0
284 &80 TQTCTA COPGLLE  8n w0 FF 4 7.8 9802 w.1 7.3 27,7 99.9 st $.0 8.2
296 €A% TOTOTH TOROLLA L 2410 ° CF ¢ 19.2 17.% 5.9 A.0 19.7 18.86 w.0 s.8 t,0
I96 &85  TLTITA CoROLLA 8s 2810 aF < t1.7 178 8,0 7. i1.1 99.9 8,2 8.3 &.7
297 w98 TAYATE . CORCEeA L} o0 nE 4 12.9 17.0 9,0 7.% 0.0 12.0 3.0 e&.0 .7
2u8 u3&  THYATA cePCus "2 1060 RF < 2.3 4.7 .0 7.5 0.7 499.% 3.0 5.7 £.%
299% 1} TCTOTA CRESSIDA LR FL R DR [+ 1.5 t8.0 .0 7.7 §2.0 1e.0 .0 6.0 I.%
AIL I 5 PR S 2oL XY CRFSSIDA . 81 T RF [« 15.% 20.0 5.0 7.8 1'.4 99.9 1.0 8.3 1.8
IT1 33) ToYATA STAMLIT LI e tK [+ 8.2 25,2 8.9 B.% 6.5 14,7 3.0 S.% 6.0
T10113 toyota STARLET e 2218 RF o 17.9¢ 20,0 5.2 7.t 12.0 99.% 2.% u,8 A,
101 122 =argTa TEPCEL a0 b2 ALY LR < 2.1 4w 10,0 9.3 Q0.0 1.f .9 99.% 4.1
It 122 TOICTA . TIrCHL (14 i A [ 13,8 17,5 9G.9 99.9 0.8 99.9 99.9 96.9 ¢£.0
1r5 £8Q0  TOYCTA TIPCHL LB} 2828, I'h ¢ 11.6 17,5 4.9 7.1 8.9 13.% 3.1 4.1 &.2
106 530 TATOTA TERCEL 8) miE 8F c 9.4 18,2 B.1 B.S5 19.2 99.9 . 3.6 S.F é.¢
16T )¢S T ¥ALESHAZEN JFTTH LR} 1880 o (= 19.8 25.2 7.0 K. 13,1 14,9 3.9 8.0 .7
3GR OYES  voLaSWaAtEN JETia 81 €% RF € 1B.9 2%.7 8.7 K1 i2.¥ 94,9 )& 5.6 &)
196 85  WOLTSWAALN SUBNTU® #2 3% DF ¢ 17.2 25.0 8.0 E,0 32.0 17.5 u.% 8.0 f.7
JIN USE  FQIRSANFN CUANTUR 02 295 EF 4 17.1 2%.6 7.¢ 8,0 2.7 99.9 0,% 4.7 4,2
311 00 ¥rLxSw FAIPELT Ty ihC0 +13 < 15.0 23.% .0 R.% 22.7 18,0 u.% 0.0 l.s
117 €T wCLPIWAZ PAGRLT 7% PLY-I- 2NN 3 4 ¢ 1.5 3.0 6.5 B (.0 0.0 4.0 5.2 2.6~
YT Gl FCLRSWAnNFN e ARRIT 8o 2147 4 [ 19.2 19,4 99,9 §9.9 1.0 Ta.! §5.9 e2.9 1.4
S )le WIE  VALYSWAZEN FARPLT 1] 2767 FP < 1.0 0.1 99.4 98,9 ;3,0 99.9 5.9 9%.9 4.0
1% uEE  yn[FIVRTEN ENEECT m 1999 1 U $9.9 99.% 99,9 €9.9 €9,3 95.9 €9.9 99,9 9¢.9
114 wdq TVOLXSYAGEN PARBIT LB} 9999 PF i 99,9 99,9 99.9 99.9 99.9 99,9 99.9 89.9 8q.9
117 8a%  YOLESUASEN SCIRLCTD 1? hOY 3B } [ e, 19,8 £.0 pB.% 2.0 1€.7 .0 «.% 7T.&
118 wa%  yoLRSENIPR SEIFCCCR LI 480 FF < 13.0 19,2 8.% 8, 71.§8 ¢€.0 e.0 s.% 8.0
118 atg  YHLYD L L 315« - 0P o 39.9 99.9 99.3 99.9 59,9 99.9 99.9 99,9 99.9
120 wre YOLYD 134 L} )1%4 re’ [ $9.% 99.9 99.% 4% .2 49,9 99,9 99.9 99.9 95,9
Y21 487  ¥YOLYO A 82 Ja1? OF €, 19.0 21.) 7.3 9. i2.8 1e.d uw.) 6.8 5.8
322 4&7  YoLVD o 02 T HF C 18,8 20.8 7.} S.4 (1.1 99,9 8.1 7.8 8.5
321 87)  voLvg cLt 83 1540 bR [ 18,2 21.2 4.0 8.0 J1.5 1.2 .7 5.7 .0
114 S7)  YQLYD GLF *) 560 FF < 13,5 1.2 €.0 2.0 3),%5 99.9 4.4 3.2 4.2
123 D)6 ¥OLYD H 79 1174 cr ¢ 17.9 12,0 7.9 9.6 22.) %1 e.) .5 .}
136 0319  YOLYD Juw ?e '3)7e Fr c 19,5 73.1 4.¢ 4.2 3.5 C.0 8.1 T.3 .0
377 14)  QLasw ap 73 w39 -1 < 99.9 19.6 99.9 $8.9 9.9 95.8 95.9 93,9 <.¢
4 1wy gtrew ' 78 4709  KF € 99.9 19.% 99.9 99,9 65,9 99.9 9¢.5 93.9 6.5



Toyota Tercel (Crasﬁ Test Identificétion Number 122) had six qﬁestionable
dimensionsp All such dimensions were physically measured by staff, using
volunteer subjeets of approximate 50th and 95th percenﬁile malé sizes, in
thicles of the same or equivalent hakes‘and models as those inl
qUe;tion. Measurements weré made from the mid-track and rearward-most
seating positions. The physical measurements left no doubt that the
questicnable values were in grror. These erroneous measurements were then
converted to miésipg‘values. This left about 150 data points for each
clearance dimension. ' o |

The distribution of data was then plotted by weight categéries. This
would allow,. for example, examination of parameters liké the median, '
maximum and minimum values for each clearance dimension by ueight of -
vehicle. The quartlles of the vehicle weight distributions” were examlned
‘to produce groups contalnlng roughly equal numbers of observatlons " The

resulting weight categorles were:

< 2701 1b (1226 kg)
2701-3050 1b (1226-1385 kg)
3051-3680 1b (1385-1671 kg)
> 3680 1b (1670 kg)

Figure 10 is a plot of the head to windshield (HW) dimension by the
vehicle weight categories for the,right‘fron: passenger and is typiecal of
the remaining figures. For each weight category, the distribution of thg
HW dimension is refleqﬁed by the following points:

. MAX . -- maximum value of gu

+ 75 PCT -- 75th percentile value of HW

. MEDIAN -- median, or 50th percentile value of Hw
. 25 PCT --" 25th percentlle value of HW

. MIN -- minimum value of HW~

43 .



L£E 9O WO—HASBIB-HVO

X WO W) OAmrem-A -y

Ja

7

s

FAl

BL.)

Fa)
Fi)
ral

bt

SEATI®G POSITIONFRQIT RILK?

l LEGEND: A s 1 DBS..
B = 2 0BS., etc
*
l 2 ' A '
A ]
._:l } A A .
' ‘la nl [T S | W y Loy
[} b AR B i AL [} AR M
A A dA ] [ n [ 1
2 ] AMA A2 RA A [
3 BAL BARA R A A ? A
A AR A [ 3
l AbAR A MR [
A A LA A ]
I ll . l. a
l . . |
: '
R .
b
0

cambwereb P L e L L L T T T T .-

2908 2200 2!00 2600 ZIGQ 3000 1200 Je0Q JiOO Jlﬂﬂ IODC -zno';uao IOOO IIOO !000 5200 5!00
WEICWT OF YIHICLE (POONDS) '

v

SEATISC POSTTION=FRONT RICHT

l BAI .
LT3 nax
LT}
l 78PCT ’ 15PCT T5RCY
) ! L] ]
1 . FSOIAR ;EEEE' REDIAR 2::::
89T
l 2%PCT - 2%0CT )
.34 . At
l' ’ nIe -
l .34 }
creesasecccetesammsesabmmenenen cmeeeseabomneemame b ancoomemms emmmmn e s smea
<2701 T17800 3050 265123400 3 Jsao

WEICHT? OF TYIRICLE (POUONDS)

Figure 10. Head to windshield (HW) for right front passenger.
. ‘



1¢
27
T

1t

|
|
|
|
|
ol
|
|
|
|
|

X MO WO eImeE
-

ATy

30.

?

LT A T
-

o MO O

Figure

SEATING POSITION=DRIYER

x
[
’ i
A : o )
Ak Y 9] : [}
A I A A A A Ao
" ] LYY Ab 1
(S 3 2 h i
A ¥ AAR B PR | A
A i 1 A [ A A
N B B AK A B Adaa A i oA PO Y
A oA [ [ b
i PP OA A RBAR A [y
A AL A A
»a Y A
A 1 : 2
A A :
A
1
H 3

——pm—— mbissipsssslesuntevssivsnabravefnrendrnsndsasujaasstavunteavednuaviunnnbenn sdn

2000 2200 2!00 2600 800 2000 3200 1400 1800 31800 8000 3200 4u0Q 400 800 5000 3200 suoa
hthMT OF VEMICLE (POUNDS)
1 0BS HAD RISSING YALUES

STATING POSITICR=DRIVIX

RAX

“ax
- . . T
: - RAI
2113 T , © o rtper
| 79967 TsreT ' PECIAN
FLDIAS AEDIAT oA 215FCT
i i 130T '
l . 2s0eT
1y
l (3]
‘ azs a1y
- [ J S g
€ 2701 2701-)038 JO%t-)4 3 1343

VEIGET QF YENICLE (POUNDY)

11, Head to windshield (HW) dimension for the driver by weight.
45



ON MO MOR-ICBABIA—D

10

— - [ - .~
w = - [ <

-~

§OTE:

B3O IO QG e NIno

30

27

SEATING POSTTIOREFPONT RICHT

l B A A
k A A
. A A ] A
) A A A

LI | : : | ] l‘ :l [ ) ' [ s

: . ¢ AkRA R A

1 LA AA AL A A MR KA A
H o TR YL LT A6k [+

: b L] A AL R B¢
P BA I AA A
AAoa AR

1 AL A
P e e A ]

2000 1200 1800 360C 2800 !DDG J?OO )lDO 3500 )lﬂﬂ 1000 1200 4e00 w802 w200 SpO0 4104

YEICHT OF vzncu (POUNDS}
12 ©8S_KAD WISSING YALUES, '

SEATIG POSITIONAFRQYT FICHT

prx LT}
nv
TERCT Lo
15?5? TSPCTY
FEDIAD NEDIAN rEDIAR
25pCT '
. 25PCT
e
L3¢ ]

|
|
|
|
o
|
|
|
|
|

..............................................

1701-]050 JO!‘-JSIO
WLICHT OF YEAWICLE

Figure 12.
46

(POURDS)

nax

"T5PCT

REDLAN
2SPTT

L3¢

Chest to dash (CD) for right front passenger.




TN MO WD) OB D

Jo

7

%

21

&

ROTL:

TN MDD MO C W SR

Jo

7

n

21

14

12

SEATIVG POSITION=DRITER

(1 A L]
L A L) ar L]
LI S 1 L1} 3 L1}
A 1113 8 A [ A kA A
[ 1Rk 8 2 AKA A AAN KA 1) A
B OAACA B kBB & L} LI} R P
: ‘l ll: : A kAR A [} ] LA B

|

|

|

|

[ .
L .
| |

|

|

3

|

“mpmmvebeanasan

09 5000 3200 5400

e L L L LT L T T T L T N L.

2000 2300 2400 2600 2800 1000 3JC0 Ja00 3400 1600 3000 200 4300 8400
' MFICHT QF YEHICLE (pOCUNRDS)
14 OBS HAD FISSIRG VALUES

- SEATING POSITIQOReDRIVER

l nr RAL
FAX PAX
7!???
rEDI AN T5PCT
I5PCT 75PCT
+ LAZYY | REDLAN REDIAT
73PCT 2498CY 25PC? 15PCY
i nin miw
F1s
% nla
............ deccecsreaprossnansctecssnannnboncactasePansnasaned = sTE T L P e acme ad s e ima
< 10 2701-30%0 3051-2¢00 > 1840

SEICHT OF TEMICLE (POURDS) ~ -

Figure 13. Chest to dash (CD) fér driver.
47’



M MO MOy QA - T

16

7

ROTT:

VI3 MO BO+ACE— B =

30

27

i}

21

e e e e e s — . —— ——
-
-

SEATIVG POSITIONSDRIYEN.

A A
A b A dka B oA Ak
AA A : 91 AR B AR [l A
] A BC Ad AR B A [ ] I
A A & A A A & A AR (1]
A8 AR 2 A Ay A A " »
A ARR. € A A A B 1 A
k Ak e '
) ] Iy }
A [
A A
‘
cemfmccndmarmrbnnvrdeesrbontindna-rbnurfurmafanrccfasnnfennsbovandatnndvrrafosmnbonaadnnen

200G 2200 700 2600 2000 2000 3200 5“00 JS00 )E00 8ODO 4200 HRCO 600 4902 Sﬂﬂo 5200 5“00
YEICKT OF VERICLL (Poumds:.
11 CES HAD AMISSIAG YMLUES - !

SEATING POSITIONDRITER

FAX
vy

LA} 4

:EE?II Tepcr aPCcT TSECT
Kggé‘. reoIa REDIAN

per : T 25PCT 25FCYT
A1E

e

.94 ]

e e — — e e Pt et e e e
=
-
-

tecaasemwmenfemenarnssdacanmunued R mnnn sfessaccmcatmavessnnasana s

< 2701 . 273!-]0!0 JD!‘-!.ID > 3800
WEIGHT OF VEMICLE ¢(POUNDS)

Figure 14,  Chest to steering wheel (CS) for driver.
48



M MO WOy SR S

"oTE:

-
»

-
Lo

i

- -
a ~

N MO ROre SO
o

2

S S

SEATING POSITIONSFRONT RICHT

)
A
[y ) [l
A 1
L]
1] a" A ORMR . AR
T A2 an A [ Y
A AR AR RA [T BN ) )
cAAR BCA A% 4 A A '
A A A A A A s
A R AR . A A A
A A [ ]
A

eesamvicncnbcsnvbrventmm—md R

2000 2200 2!00 26CC 2800 1000 3200 ICOO )|00 JIGO DUOO IZOG lIBO IlOO ICOU !Oﬂﬂ 5100 $800

VEIGHT OF YENICLE (POUNDS)

" 27 0BS KAD WISSING, YaLUES

l
!
l
|
|
|
|
l
|

Figure 15.

SEATING POSITIONSFRORT RICHT

X
RAR
L}
I3pCT
rax : ‘
78RCT 1apeT .. mgplax
biae ol 25':? o 25p€T
2Epi8 25pCT ATH
RI®
I8
nn
e mmeeemmengecmmreeeeteesennenctan tmmeaamammgeseeeeseetenncommentosneenoaetnennemnncan

AL A 2701-1050 3031- 840 b 111
’ | WEICHT OF YENICLE (POUSDS)

Head to side window (HS) for right front passenger.
49



SEATING POSITIOW=DRIYER

18 !
? 18 I
P
; 1 = )
1 A A
i ' '
; A 3
A i
e l A [ 8
AL A AR A AAA A A
0 1) 1) A1 A A
L l A ] A A AA AC A A
B | ) AE AR CBA ARAMA A A A A
[ ) A A Ao 1
S j : A A A AR A i L]
Y 8 X i ] 1 A
€ A 1}
l A
4
1 l .
0 l *
ERA L DAL ER R ELE L3 EEI T TR L ERY REETE ERTTE R R Ry R W 00 -
3000 2300 7400 2800 :pco 3000 3260 3300 1800 1800 2000 8700 4400 $500 8300 5000 5200 %400
VEICHT OF YENICLE (POUNDS)
wOTE: 27 oes u'un NISSING YALUES
" SEATING ROSITIONSORIVER
16

-
o
—

H
T 18 + .
E l BAL RAX
9 12
g l ma 789c? ‘
"0 LT} ®
Q 7sPCT  79PCT. REDIN
13 | 130CT Y ol
IR T ApRlle  meonae 5pce 25pCT
g aspet
2%0CT 131
nin . RIN
o .
*in . .
4+ )
N
] l _ .
EE R L e ) Pmmm .- SnPreovasnsvabuane ER Y T -------.--c------.---------.---------.----. -------
<"37017 270723050 T05 11880 > 3680

WEICGHT OF YEWICLE (POUVEDS)

Figure 16. Head to side window (HS) for driver.
50



“EATING POSITIONSFBONT WICHT

L] [}
A
A A

é ] A A ] ] 1

[ ] A A

A A RA ARR & A AR A A | . | LI |
A A 8 8 [ Y T T |
L A LB BADR A ACA ARR A A A
A A 2 EBR A AR B A A |
.l. ] N AR ]
: A A

. OF MO OGO s IO )
-
)
— e e . — . . Yt . o e et

-t e ma acgaacasasrasanrmteerrdunrebens=donwvbunrnt e ven

“3o00 2200 :-oa 3800 2000 1000 3200 1400 1400 1600 8000 8700 ea00 400 $800 000 5300 3400
WEIGHT of v:uICLl (POURDS)
noTr: 27 0BS unn RISSIVG YALUES

SEATIVG FOSITIONSFEONT RICHT

O" MO WOrAS D -
-
»
r— Gt et s e i, Gt e, e e,

10
] N [T}
(T} .

[ ] BAL ' 7%PCT
PRE 75pCT T5PCT REDIAN

] L] ] REDIAR 1L 259CT
{13 SO P .

L]

[3{] LI

1 , ' nty

[

............ Germme e gematamaatfeoacacoecbannemcnsateenaneessbuaneen s e——— e ee e
€ 2701 2701-30%0 }0S1-)680 > e8¢

WEICKT OF YEMICLE (POUNDS)

Figure 17. Arm to door (AD) for right front passenger.
' 51 ‘



SETATIVC PUSfTIUIIDl['El

O» MO WOSHC TSI

l
|
l
ol
|
|
|
|
|

ceedenacsa P vebemea tm—- ewmdecacdessrbrncadunosbarmnbonnndan

ac00 2300 ]“OU 2600, ?600 ]DOU J2oe JIOO J‘OO JIOO IOGO $200 Le00 4800 P00 5000 $300 sSa0¢Q
. WEICHT CF YEKICLE (POUADS)
ROTE: 27 ORS HAD MISSINGC YaLUES

SEATING POSITIONSDRITVIR

1 }
Rl l
4 /
I l !
s
T te
]
1
! l
g 12
by
! l
¢
N to
° [
F -
]
A
o l L3 9
s LEE O mt rspct
nx ) REDIAR
. 759C 7%
| SO 11 asrct
[‘ !s;é? : I5PCT
2 L2 4 2 a1
LR |
0+
------ AR L bbbt bt il b ba o Soub R DL DD LT DI PP ELEEET SRR PP PP PP

R <« 2701 1701-30%0 30%1-1680 > Jens
i VEICNT orF Vﬂlﬂ.l\(’ﬂl}lﬂS) -

Figure 18. Arm to doof (AD) for driver.
52



OE MO WO A

- -
- (-] ~

B P S ——
>

o

MOTE:

O "0 SO0~IaW~—IE4NO

18

1

12

A1

s e P § e — . gy e, e G e

'SEATING POSITIONSFRONT RIGHT

A A A o
', AdR ) Az oa
YR A T

mevdtemsdusanjasecbocnadoncrdcesnbanncprenrdicosdaccafuavatoncnducacPonncpunnabsnradancabnm

2000 2300 2600 2!00 2900 3000 3200 &30 3800 )IOQ 4000 3200 4400 %400 00 5000 5100 5000
. WEICHT OF ¥ERICLE (PODNDS)
27 Q8BS HAD MISSING ¥ILUES ' . '

'SEATIVG POSITIONSFRCAT RICA?

RAZ
. nAx
n
" 18pcT
1861, el '
759CT REDIAN  NEDLAS AEDIAN
Mwplis  2%ece -
2590 aspcr EH I
e 144
e ‘
« .
----- meswmerndusrnennmcadonewe - .- -_;-.--‘-------‘-‘---------‘-;-'.----.-—--.------'
378777727075 3050 73081~ 3440 > 1880

WEIGNT OF YEMICLE (pOURDS)

Figure 19, Hip to door (HD) for right front passenger.
53



SEATING POSITIONSDRIVER

X WO WOrjSm D
-
~

L]
[ | A A
’ A !l A LR T []
ARBAR .l lA AM ARdA A 2 1 : A
AL A A B A .
6 ! £ BAC A AR DCEARD Ak AB A A A 1 ]
A8 2 [] A A A N
. L3 :
»
[ A

o

..................... P tdd oo [ P S

2050 ZZDO JlOO 2!00 2!00 1900 120@ JIOO 3600 ;IOO lﬂoﬂ l:ﬂo-lldo 400 5300 3000 %200 SaQ0
) . NRICHT CF YEIHICLE (pPOUNDS)
SOTF: 27 OfS HAD MISSING YALOLS

1
SPATING POSITIONSDRITER
18 l
1 1
-
T m
n
1
Ll
¢ o2
¥
fl
n
LI a1
s |
[} - ) nAX LI ' TSPCT
? LT} 7% 759CT ARDIAN
JSFCT nv“%l
[ ridian . 2§ REDIAN 25PCT
J 25pCY 24pCT (3]
[} |34 ] .
l (38 -
2
a l
- e 8 B e B 8 AN S G AR AN SE NS em et an s, a
€ 2701 2701-3080 3051-3840 > 3880

WIIGET OF YERICLE (POUEDS)

Figure 20. ' Hip to door (HD) for driver.
| Cose



SEATING POCTTIONSF208% RIGHT

10 l
17 l
H l
n [
I
o
s
; I 3] A A
g 18
I l ..I ] A A A= .
0 A A .
[ A [] A A A
[JBL ] A L A T c A
0 R B R AR AA A A c aA
| 4 A AAR AR BC A A A B A A
" ' at 1,0 . * H
P . Lo,
o ! A W A
A
{ '
€ A
) l
o I R
mmebmammbpmacmfrmucfisssduasatana=onn L Y R e Sl ...--o..-....-....
2000 2200 2800 2800 2800 1000 )I00 Jaoo 3800 3300 9000 4200 aA00 4800 800 3800 5200 Aaca
: WEIGHT OF YEHICLE (POOBDS)
noTE: 164 OBS HAD PISSING YALUES
_SEATIEG POSITIGN=FRORT NIGHY
30 l
27 l .
? n l
F l
]
1 [ LTV
] nAx mal
u 1 .
T FAL
tz. I TSPCT )
"o —— 78PCT
o REDIAN T5pCY nEDIAN
F " 25PCT AEDLAN REDIAN 250CT
W FELI cr L3
H . - 59
9
L}
] l (1 X
3 [
0 [
------------ HeemtsmGemgesecmnsssfessearassdmmrransaadacmrranamafanbemcrasfoan s nabannm—. s
€ 2707 2701-)0%0 1031-)880 - > 3800

WETCHT OF TEWICIL (POUNDS)

Figure 21. Hedd to windshield header (HH) for right front passenger.
55



T WD WOl i O

otr:

X WO DA O

1o

21

FL]

21

18

1%

L

—————

SEATING POSITIONSONIYER

[
A A A
"AAd X 3
A 2
A A LI} A
A A A
[ A A A
[
A 4 ) A A AA A [
Ch 1B A A
A Azlyanlill A A :A
A | 31 KA R A lll
) [
2 [ Y 2 A
A

cmstvanagan

[ ST T PP PR Y S S S P S anpn
2000 2300 280 2600 2900 3000 3200 1e00 400 1000 3000 s200 «40C w800 ap0c 8000 $300 $m00

. VEICHNT OF YEMICLE
17 OBS wAD PISSIPG VALUES

ammmtmssapmvssona

(POUENDS?) -

SEXATINC POSITION=DRIYER

. mI
r FAY %Ax
75PCT
L1429 1 ]
. rSpCT
T4PCT
8CT AERIAR REDIAY
25rCT
28pCT
L4 ]
L34}
nie

AKX

15pCT

i3

RIN

asesmesssscbseemssesvicmacscasrboansancecdasansacaebaanasaaaatstns e aararaSaaamagaranaasanann

< 3701 2701-3080 30%1-3s00

> Jsdd

VEIGNT OF YENICLE (POUNDS)

Figure 22. Head to windshield header (HH) for driver.

56



'SEATING POSITION=FRCET RICHT

18 |
16 l
! 1
I
3
; ™ R \
l l
g 12 :
1 l t A
[}
N 10 [}
-] l Iy I
f [} A ]
-] L} L]
[ ] [} AR a B
A AABA LA (Y} ] [ )
[ A AA P A Al A A A
Ak A O AR AR AR Ba p R L8
A A AAABAA BAA AARE ] A
l A A AR 2 Ak A ]
4 a ] I
l A A
2 .
0 l ' !
rrfremcfasmatmvmatecsabeasninnestessrdnrnndunnmbnnanbdrrordrnnnbrnnnburnedunnatrrvabourrbon
2000 2200 2400 26Q0 2800 3000 1200 1600 3600 1500 =000 #4200 uedO #4600 &800 000 %200 $eCO
' - - WEIGHT QF YEIWICLE (20USDS) ' '
mtr; 27 OBS KAD RISSI®G VALOES
a SCATING POSITIONFRCAT RICHT
18 ‘
16 l .
o
x [
s
T 1.
P | |
g 12
T
I l LR
I
& 10 -
[} l ’ nAL '
F © . . .
H s Az 7%pCT
k AAD
7%9C? I5PCT .
& » . TSPCT . ‘. 111240 ]
Jg“ REDIAN 2!%? 25FPCT
« ity I5FCT Al
l RIN {34 ] .
H
] J
........ eeeetmrecemeamfasacsemdmguacctmratfonanaessebeasceenoboacacsenefoseaasransraatansannnna
< 21701 2701-30%0 J0%%v-3s880 . > 1680

VEIGHT OF ¥INICLZ (POUEDS)

Figure 23. Head to side header (HR),for right front passenger.:
57



BE WO WOrACG eI

§OTr:

WX WO WOre SR WA

e e Yt st e e e W S — et
-
»
E

SEATING POSITIONSDAIYER

-
-
-
L)
-

A A A .
A A Ad A A BAA . x
X a A € AR Chh_ap Ba 2 %
. ll' LI Y] I!Il‘ AR & KA N A

L} A A
i A

cmmtecmstacesdmaangusmmbnv—adon cteoccae ctesncdesseteccoboncepraccdtonnfuny toe

2000 2200 2!00 1500 2!00 3000 1100 JIOO JGQO Jl°0 IOOO 4200 4200 SJ00 #8000 9000 SI00 SaCO
GEICHT OF YFHNICIK (POUBDS)
37 OBS WAD RISSING YALUELS

SEATINC POSITIOReDRIVER

i
: wat
’ nt T 130CT
15PCe
NEDIAN 75pC? T3FCT RIDIAE
59t REDLAw Y ispcr
L} Ate )
rIn NI
- wwbweweweewenbdreesmanwed Ll etttk el b il ettt
- < 270) noxaaaso 1051~ 2400 > lemo

VEICKT OF YEICLE (POTIOS)

Figure 24. Head to side header (HR) for driver.
| ©s8



SEATING POSITIONSPRONT RICHT

» l s
77 [
? 29 l !
i 21 l A
Pl
% 1)
il
118
9- l
|4
R 12
[ l A [ ] R '
T NY) Aoa A [ 1
'  ° ARS ARAR A A i A B
AAA A A A AR A ADA A ]
TR T I RN TY RN ¥ 1 i A% A
s L. B A TR Y Ak 1 A Ao
B A AA B AT A B | T
Ak [ H
A M 1 1
3 )
¢ l
smtfrmmcf-ssadmaavdsunandn tecaabonan [ -
2000 3200 2800 2600 2800 )040 1200 I8 3800 I 0 000 4760 aa00 MO0 800 5000 5200 800
SFIGHT OF YEMICLE (POUSDS)
T 1 085 WAD RISSING YALURS '
SEATING P‘OSIT!ﬂ"I’IUIVT RICNT
30 l
7 l
2 l
b
I l
$
[}
X l
1
LIL ,
-
o '
IR
o l
f
172 ‘
x '
D l FAz rex LT}
? rAX 7SPCT‘ 7 TS?C"Y
T4PCT 7SPCT REDINY
FEDIAY AEDIAR. .
t REDI AN . 2%9CT
%CT %pCT %PCT Kl
e (33 ]
5] ‘ (34 1
°
.-.--.-.-.--¢-----.---.---.-----0---.-----‘------..-.-----.---.----.----’-.------..---.----.---
€ 2701 2701-30%0 )a31-3680 » 3888

VEIGHT OF YIMICLE {POUNDE)

Figure 25. Knees to dash (KD) for right front passenger.
59 '



SEATING POSITIONSDALYER

30 1 !
27 l
. 2-1 :
[
i
1
H [
.0 18
1
bl
[}
ERTY
[}
N
[ , [
H l ’ '
A
) ] . . [ A
3 A ] (R N | [ )
| x '8 a1 . N -3 A A
3 C  AMAAR AL KA Ak RAA 2 A A
€ o pa A IR AN 3B ] A
A and B7mas an ac can 1 A
l 2 YL ] [y -
E 3 A A R A '
] ] A ]
R .
| . : =
° . . .
| emadmesctecavtmannbman méoamsdencenan - Smmm-y - Sbmamapestnfecreprnasfonccpammndecnndm.
2000 2200 7400 2800 2860 3000 1200 Je0o- 3430 14CO #3006 w308 €500 w600 ¥800 3000 5200 3800
WEIGHT OF YEWICLE (FOUNDS)
011 1 0B HAD RISSIKG VALUILS
) SEATING POSITIONeDRIVER
!
:al
27 l
20 l
2
i l : ]
i F3] -
8 18 -
* E -
1 l .
B s e K -
9 - iR
r | :
T PAX
o 1 [T}
M na 150CT
' l 73pCe 789¢T I8pC REDTAN
. aebiin I : 25pct
26pCY [1173 1) .
l 2spct
(41
3 L3}
L34
l wte .
o S L L L L L T T T L L TR D e Shermmesresbessraecongon s o At
. < 2701 2701-3050 J0%1-3680 > e’

WEICNT OF TEWICLE (POUNDS)

Figﬁre 26. Knees to dash (KD) for driver.
60



An examination of figure 10 shows only modest variation of HW within
the various descriptors noted above. For example, the median values for
all weight groups range betweén approximately 17.5-19.5 inches
(L4 .5-49.5 em). The largest value of HW is about 26 inches (66.0 cm) ‘and
occurs in the <.2701 1b (1226-kg) weight group. 'The smallest value of HW
is about 12 inches (30.5 ecm) and occurs in the 2701 3050 1b (1226-1385 kg)
weight group.

Figure 11 °is the plot of HW for the driver. The plot is quite
similar to that for the right front passenger, with’modgst variation in
the descriptors except for the minimum value. The minimum-maximum range

is 12-26 inches {30.5-66.0 cm):across all weight categories.

The remaining,plots‘of the clearance dimensicns are Teasonabiy
similar to the pair discussed abeve. The eftire set of graphs are shown
in figures 10 through 26. For convenience, éach plot (s shown with the
corresponding scatterplot. 'In a few instances, two descriptors (e.g.,
MEDIAN and 75 PCT) are apprbximately the same and thus plot on top of one
another. Table 9 presents a synopsis of the plots.

What about the representativéness of this NCAP data? Does the data
"predict" the real world variation in passenger compartment clearances?
Limited examination of the makes and models'tested in the NCAP (see
table 1059) certainly shpws a gcﬂ& dlstﬁlbation by manufacturer.; There is
a mix:. afhfnrelgn—qu db@ei.ﬁnghmangp.‘ Vehseie siges are well dlétrlbuted

from small to large:; -




Ceonclusions and Recommendations

The NCAP data base used to develop plots of passenge?.éompartmént
clearance dimensions appears to offer: an objective basis for examining and
perhéps modifyihg the clearance dimenéiohs'preéently used in the flail -
space approach. As long as NCAP continues in its present formJ.Ehese
plots can be updated in the future to check for changes. The evidence
from within the U.S. auto industry indicates little changés in passenger
car compartments in the next decade; and thus tﬁe dimensions gléaned from
the NCAP data -should be useful for representing vehicle interior

dimensions,fbr'the next decade,



Appendiz B. Sled Tests

Introduction
Purpese.

Purpose of this bortion of the work effort was to provide,Validation
of the mathematical model of the flail spéce gbncept and correlate current
repommendations based upon Flail\spaée models for occupant risk. This was
accomplished by a series of sled impact tests with the Honda Civic buck

oriented in both longitudinal and lateral impact.directions.

Scope.
Eleven sled tests were performed at impact speeds ranging from 20 to

45 ft/see (6.1-13.7 m/s). Seven of the tests were head-on impacts with
the remaining four impacts occurring on the vehicle Eight‘side.
Instrumented anthropomorphic dummies weré used in All teSts‘andAtEeir
transducer data were processed to provide the needed occupant risk
assessment. A complete description of test procedures and equipment,

findings, and conclusions is contained in the following sections.

Experimental Procedures
Test Facility. .

Tests were conducted in the SwRI Crash Simulator facility whieh is
centered around a Monterrey Testing Service Model 858.05 rebound sledL
Rubber bungee cords were utilized to accelerate the raii-mounted sled and

.paylpad, which included the bedy buck, dummy and instrumentation. ‘An air-
pressurized cylinder or programmer at the end of the#raiis was impacted by
the sled/payload combination and provided the desired impact pulée. For
this series of tests the impact pulse shape chosen was a square wave

- typified by a very fast rise time to a constant g level, then followed Ey

a very fast return to zero. As is typiecal of rebound sleds one-half Qf 

the pulse was applied as the sled was deéelerated to zerb velocity with
the remaining half apblied'as'it was aécéleratéd;ih the teversel |
direction. Verification of the desired decelération level was provided by

sled-mounted accelerometer signals which were continuously recorded along

63



‘with data from dummy ‘transducers. Photographs of the sled test and

equipment are shown in figure 27.

Body Buck.
The body buck used in these tests was fabricated from a 1977 Honda -

Civic hatchback. Since the forward portion of the passenger compartment
was the only area of interest the Civic body forward of firewall and aft
of the "B" pillar was removed with the remaining structure reinforced and
adapted to the Sled top plate. For fhe early frontal tests the windshield
was replaced with‘Lexan”‘Polycarbonate to reduce shattering and resultant
cleanup, but when it was realized that the Lexan™ stiffness was
influeneing the results; the standard Civie glass windshields were used.
The glass in the right door Qas also replaced with Lexan™ but the material
difference did not seem to be a factor . in that most dummy impact was
concentrated on the door strueture at the chest level. Dash pahels,,seats
and right dqob assemblies damaged during frontal or‘;ide impact tests were

replaced as necessary with undamaged units.

Dummies. . _

Either of two dummies was used in the right front passenger'seatihg
position for all tests: (1) for frontél impacts a Part 572, Sth percen-
tile female dummy weighing 105 b (48 kg) or (2) for side impacts a 50th
percentile, side-impact, male dummy weighing 165 1b (75 kg). Seat ‘
position was full forward for the female dummy and full aft for the side

impact male dummy.

The dummies were fully instrumented for data gathering during each .

sled test., Transducers were located as follows:.

5th Percentile Female Dumﬁy‘

. Three head accelerometers - one each in the x, y and 2

directions
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(a) Frontal impact setup

. Figure 27. Sled test setup.
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(b) Side impact setup

Figure 27. Sled test setup (continued).
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.. Three chest accelerometers - one each in the x, y and z

directions

. Two load cells - one in eéch femur

50th Percentile Side Impact Male Dummy

. Three head accelerometers - one each in the x, y and 2z
directions '

. Three upper spine accelerometers - one each in the x, y and z
directicns '

. Three lower spine accelerometehs'- one each in the x, y and z
directions - ’ ‘

. One upper rib accelercmeter in the y direction

. One lower rib accelerometer in the y direction

e ' Three pelvis accelerometers - one each in the x, y and z

_ directions '
Documentation.. . . B T S

Film coverage 1ncluded:$retest and post- test real- ftzzinovxam of test
details and high-speed (10&& fram:s/second) movres dur*ng each ei?ht The
high- speed camera mounted eﬂ-board the sled, uas—located orthogonal to
dummy travel dlrectlon so that the entire sequence from sled impact to
dummy impact and rebcund was documented. In adqltlon, still photographs

~wWere taken before and after each event.

Transducer signals were continucusly recorded on magnetic tape
throughout the impact sequence by high-speed recorder. 3ignals were
played back through appropriate filters to an oscillograph immediately
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after test for a quick visual cutput, and later, they were converted from
analog to digital data for processing using Institute- developed computer
programé A summary of data recordlng and processing equipment is

contalned 1n table 11,

An imbact event marker was included on the magnetic tape in order to

synchronize-the start of the impact sequence for all data channels.

Findings _ _ .
Tests which were performed can be .categorized into three groups as

—

folloﬁs:

. Longitudinal impact using Lexan™ windshield
. Longitudinal impact using glass windshie¥d
. Lateral (side) impact .
Table 12, which contains a summary of test results, has these categories

grouped together,

Longitudinal‘Impact Tests Using Lexan™ Windshields

In this group of tests the 5th percentile female dummy's head was
initially 21.0 inches (53.3 em) from the windshield. Although the dummy
chest was closer to the dash the upper torso rotated slightly sueh that
the head impacted .first in all tests (see sequentzal photos of
figure 28). Data calculated'frum'therfeun tsstsrindicated bhat only the
higher speed 35 and HO ft/sec Elﬁ 1 "and J2 - mtsf‘EESts had*HIC values in
excess of 1000 which lsngan31dered the crltlcal threshold value. Typical

' post-test photographs are shown in figure 29,

Dummy chest transducers indicated that peak resultant chest
accelerations over 60 g ueré reached in those tests in which the impact
velocity was 30 ft/sec (9.1 m/s) br above, 'Maximum value obtained was

" 87.8 g's (test 2529) and duration above 60 g's was 10 milliseconds.



Recording:

1.

Table 11. Data recording and processing equipment.

Accelerometers 1.

Endevco Model 2264-=2000
+2000 g, 0.24 MV/g

sensitivity . 2.

Femur Load Cells

GSE Inc. Model 2430, 3.

+5000 1b

Signal Conditioning Unit
SwRI design

Attenuator

SwRI design

Processing:

Electronic Filters

SwRI design per SAE J211, Class 180

Oscilllograph
Honeywell Model 906C

Analog to Digital Converter

' Sangamo Sabre III 3600 Magnetic

. 4.
Tape Recorder
Sangamo Electric Co.-
Sabre VII, Model 8246 FM .- 5.
Recorder, DC to 20khz
bandwidth
" 6.
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Tape Reducer ,
Memodyne 3783 Digital Cassette
Shugart SA 831R Diskette
TFelevideo 920C Console

GANDALF LDS-120 Model ‘
SwRI Design Micro-Processor

Compufer‘

CYBER 172

Plotter

Houston Instrument CPS20/3A
Printer

Texas Instruments OMNI 800-810RO
Terminal '



oL

SLED TE31 NU.

Buck
Type
Orientation
Windshield

Dusmy
Type
Slxze

Seating
Location
Positien

Flail Disranre (In.)}
Head to Windshield
Head to Side Window
‘Cheat to Dash
Bady to Door

Sled
Test Condition (Nominal)
Deles Velocity (fps)
Acceleration (g)

Teat Dats
t|-p (time to head {wpact{n))
llnv {coaputed} (=)
Deltsa Vorep 2t ('-p (fps)
Agrgp (ava) &'e o
Dunmy |
HIC

HIC (time duration - aser)

Head Severity lndex

Chear .
Peak B Accel (g's) .

Tiwe of Accel Above 60 E{!f:

Fewur Losde (1ba) ',j{

Right ‘ ll;»

Left

Table

252

Honda Clvic
0"
Lexin

=

]
FroéiRight
Forward

21.0

17.06

176

0.182-0.196

12. Results from

452

Honda Clwic
0
Lexan

“Part 572
S5th Female

Front Right
Forward

2r.o

17.0

10
-0.7

0.100

0110
28,84
-8.96

646
0.111-0.12)

146]
2228

S

Honda Civir
0*
Lexan

Part %72
Sl Female

Front Right
Forward

21.0
17.0

35
-10.9

0.110

0,105
15,00
-9.9

1225
0.112-0.1214

0.010

49)
17720

_ 8

Honda Civic
U.
Lexan

Part 512
3th Female

Front Right
Forward

1.0

17.0

40
~14.2

0.085

0.09%0
16.97
~11.51

2088 -
0.0%0-0.098

sled tests.

LR LI

Honda Civic
Y

-Glass

Part 972
2th Female

Frone Righe
Forward

22,

17.

25
-5.

0.140
0.15%8
.08
N 1]

21
S -4

a7

0.149-0.210

D29,
0

202
161

5

0

?

EEXELES

Honda Civic
0°
Clane

Parc 372
5th Female

Front Right
Forward

2.5

7.0

15
-10.9

0.105

0.109
11,23

9.8}

468
9.110-0.140

55%.0
. 0.007

587
1845

__ 5l

Honda Civic
0
Class

Pare 512
5th Female

Front Right
Forward

2%.5

7.0

45
-16.8

¢.085
0.084
- 63.53
16.64

1345
0.093-0.107

94.4
0.014

1113
Ji123
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. ‘ ] 'T_able 12, Results frrom sled

SLED TEST WU, , 2533
Buck : : I"ﬂi"" e
Type ) . |‘I'_f‘ i Honda Civic Honda Clvic
Orfentat l“l W 90° 90°
Windahteld N ' - -
Dummy R
Type . - Side Impact Side Tmpact
Slze - T Dummy © Dummy
Semating
location

Frogt Right " Front Right

Position v,:*a Back
Fleil Dietence ({n.) ’ oo :

Head to Windehfeld s e — v _

Head to Side Window ) ’ .5, * 6.5

Chest to Dash
Body to Door

3.0

Sled
Test Condftion (Nominal}
Delta Velocity ((pa) W 30
Acceleration (g) B 4 -8.0
- lﬁ B
Test Data . T -,
*iup (time to head Impact(s)) 0.049
ll.p (computed) (w) -
Delta vSl.!D at (IHP (Ipn) 13.59
Ag pp (av8) &'e . -9.38
Dummy . . .
HIC ) 37 121
HIC {tiwe durstion - wec) 0.092-0.104 0.049-0.05%
Heod Severity Indem . 52 T a63
Chest . .
Peak R Accel (g's) - -
Time of Accel Above 60 g's -— -
Femur Loada (1lbs) '
Right - -
Laft . — -
Pelvis g'a (man) ) ﬁ:s,j 3.4
Upper Spine g'» - PR ¥ ) '36.4
Lower Spine g's " 1 ['!1!_“:" fo30.1

Ribe X/UP 3's 10.7 B

2 L

Honda Civic
30°
"y

Side lmijnrl
Dummy

Front Right
Back

35
-15.0

0.048
20.43
-14.10 .

193

0.048-0.058
21

a0

Honda Civic

. %0°*

Side lopact

: Dummy

k)

" Front Right

Back

-18.4

"0.082
24.8
-18.4

316
0.042-0.048
569.1 -

tests (continued).



Figure 28, Typical frontal impact using lexan windshield.
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Figure 29, Typical results - frontal-impact u
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-At the completion of test 2529 consideration wWwas given to the
possible influence on the résulting HIC by the‘étiffness.of the Lexan™
windshield (test 2536) and the other using the standard safety glass
windshield (test 2537). Results sthgd a considerable drop in HIC.

Therefore, additional tests were performed using glass windshields.

Longitudinal ngact Tests Using Glass Windshields

Three tests were condubted using the standard Honda glass windshield
and rubber channel mounting. - Agéin, these utilized the 5th percentile
female dummy, but a slight increase in head to wihdshield'distance,

22.5 inches (57.2 cm), was meaSuEed. Again as shown in figure 30, the
dummy torso rotated and-head impact occurred prior to chest impact.
Unlike the previous tests in which no defiectioﬁ:of the ﬁindshield
{Lexan™)} was observed, the'glass ﬁindshield deformed (see figﬁre 30) on
impact and a considerable reduction in HIC value was noted, e.g., an HIC
of 468 was obtained in‘fest 2537 (glass windshield) whereas a value of
1225 had been calculated for test 2536 (Lexan™ uindshieid). ‘Resultant
chest accelerations also showed a slight reduction bﬁp again the 60-g
threshold‘was exceeded in test 2539 in which a peak of 94.4 g's was
measured and the duration above 60 g's was 1H milliseconds. Typigal post-
test photographs are shown in- flgure 3.

Lateral Impact Tests

For lateral meacts the sled body buck was rotated. 90“ such that the
dummy 1mpacted»;hetr;5ht door. ’ Agaln, the glass door window was replaced
with Lexan™ and uas 1E‘u§riﬁFbosition.- In tﬁtS'teftESirles the majcf
portion of the impact ehéhgy seemed to be expended by the dummy chest ‘Into

the door at the sill levél and below, and although contact by the dummy
head with the window did occur, HIC values were relatively low (maximum
316 in test 25U40). Therefore, the material difference was considered

insignificant.

In the static position the torso and‘heéd of the side impact dummy
were only 3 inches (7.6 cm) from the door sill and 6.5 inches {16.5 cm)

v
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0.12 sec

- 0.16 sec .

Figure 30. Typical frontal impéét'using'glass windshield.
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Figure 731.

Typical results — frontal impact using pglass windshield.



from the window, respectively, but temporary resﬁraints had to be placed
to the left of each to prevent movement as the sled accelerated These
restraints had no effect after impact except they did tend to limit
rebqund, but this was long after data gathering had occurred. See,

figure 32.

Aslwas deseribed previoualyelmost of the dummy impact energy was
expended at the chest leVel inco\the docr However, only at the hlghest
speed test (2540) was the 60- -g lével exceeded and then only for as-
millisecond duratlon."Typlcal post-test photographs are shown in

figure 33. |

Conclu310ns and . stcu5510n

Several conclusions have been drawn from the results of these tests,
‘and will be presented and dlscussed in the followlng paragraphs. To -
provide better clarity fronta; and side impacts will be covered -

N

separately.

Frontal Impacts

ConcluSLOns are as follow

«  The relationsnin between occupant risk and HIC .is a smocth
| curve.’ Thls is shown in figure 33 which contains plots of bcth

Lexan~ and glass windshields. The influence of the Lexan™
stiffness is shown in that the‘HIC not only.has a higher initial
Qalue;'but'alsd'has a much steeper rise and- exceeds 1000 much
quicker. | ' . '

e Occupant risk-at 40 ft/sec {(12.2 m/s) approximates HIC = 1000,
' Agaln, this may be seen in figure 34 in which the glass

wlndshleld curve falls just below the lntersectlon of these two ‘

points.
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+Figure 33. Typical results - side impact tests.
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. The occupant moves as a free body allowing the head to impact the
windshield first. This is evidenced by the sequential
" photographs of figures 28 and 30 and by the plot shown in
“Figure 35 of calculated impact times QS experimental times.
Apparently there is a small amount of friction between the
passenger‘seat and dummy,‘allowingrfhe‘duhmy to'rotéte slightly
‘and initial cbn:act‘by the ‘head to occur first, even though the

chest-to-dash distance was less than head-to-windshield distance.

' Occupant chest resultant accelerations exceed FMVSS 208 60-g
Limit. for occupant -impact veloéi;y of 35 fps (JO.T m/s) and
greéter; A curve is4extendéd'thrqugh the points connectiﬁg the
glass windshieidffests in figure 36. | .

Side Impacts R .
Conclusions are as follow:

. All dummy risk indicators seem to be subcritical at the
deceleraﬁion levels tested. Again, this is shown in table 12 in
which the HiC values were well below 1000 and only a _ _

- 5-millisecond duratidn,”ﬁp-g chest acceleration waslmeasured in

the maximum impact pést.
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Figure 34.

Plot of HIC vs occupant.
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Figpre 35, Comparison of experimental to computed time

of head/windshield impact.
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Figure 36.
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" Dummy chest accelerations as a function
occupant to dash impact velocity.
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