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Docket Nc. 2-6; Notice 4

Roof Intrusion Protection for Passenger Cars

The Automobilg Manufacturers Association, Inc. (AMA)
submits the following comments in response to the Administra-
‘ tion's notice of proposed ru.e making on ?ocket No. 2-6;

y ‘wyotice 1, Roof Intrusion Prozection for Psssenger Cars
(36 Fed. Reg. 166, January 6, 1971).
The Administration implies a safety need for roof
%o structure‘mihimum performance based on field acrnident data.
: AMA has révigﬁed the résearcn reportl filed in the public
iﬂ idoékét tﬁat apﬁaigqtiy'was used in drafting the preamble.
AMA has also'reviqwéd other data sources which have tried to
j relate actual fieldldeformation of vehicle top_struétures o i

actual occupant injuries ané fatalities. AMA can find no

T"Estimating the Effects of Crash Phase Injury Counter-Measures,"
Travelers Research Corp.,/p. 5, bepartment of Transportation,
Contract No., FH-11-7228. / '

I Shortly before the due date for comments, the Administration

5 placed in the docket a copy of a draft final report (Contract

5 No. FH~11-7549) dated March 5, 1971, entitled "Crashworthiness

' of Vehicle Structures - Passenger Car Roof Structures Program"

' from Lockheed-Georgia Company. AMA has not had sufficient

opportunity to analyze this report in preparing these comments
and, due to its late filing. wishes to reserve the right to
comment on the report at a later date.
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caugal yelationship between :he amount of rootf deformation

and the injury status ¢f the occupants in rield acciuvents,
Attachment A hcreto‘is 1 tabulation cf degree of occupant
injury versus obscrved roof irformation. This table demon-
strates that major deformat:n can occur with little or no
injury; and fatal injuries c¢in occur with no deformation. It
has been pointed'oﬁt that an’ apparent corralation between

collapse and injury: - “

* o

"... does not neacessari.y mean that the roof collapse
was the immediate cause 0f the increased injury; it

may be that large amoun:zs of roof ¢ollapse are an
indication of large col.ision forces which would have
led to serious injury anyway. From the cases examined
- in thls study, it appdﬁ‘s that if the roof collarse is
! ' S0 great that the weighz of the car can be transmitted
' to the occupant's head :through the seat, then very
serious crushing injuriec occur. If, howewver, the roof
provides enough interio- apace so that the vchicle load
ls not trarsferred to +=1e occupant then the amount of
roof collapse is probably not critical, i.e., the head
injuries are due to dir:ct impact and are not due to
the displacement of the roof as such.”

The Administration's research report3 attributes approxi-

mately 3% of fatalitles to contact with the top structures ir

B

Z2G. M. MacKay and I. D, Tampen, "Field Studies of Rollover
. performance," 1970 Interrational Autcmobile Safety Conference
ol Compendium, page 975, SRE Paper No. 700417,

3vpetimating the Effects of Crash Phase Injury Counter-Measures,”
A Tzavelers Research Corp., page 3, U. S, Dept. of Transportatlon,
" Contract N»>. FH-11-7228.
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rollover-type accidents. Fowever, the reference suggests
that if the individual werc “properly restrainced"? the level
of fatalities allegedly 7éu:d be reduced to approximately
1.5% or 700 deaths, based c: 1969 accident data. Even thesce
700 deaths would not necess:rily be eliminated if there were
no roof intrusion since, occipants do not remain in an upright

position and might impact nther vehirle interior surfaces.>

.

Therefore, it is not pussikle to identify the precise number
of cases of serious injury c¢r death attributable to roof
derormation or any precise :safety gain which would be attained
by the elimination of roof ceformation.

Indeed, the Administration's assertion that "the benefits

cf ovccupant restraint are negated if the passenger compartment

-2

Tad e b

; collapses” 1s an unsupportatle overstatement, based on a recent

Society of Automotive Engineers, Inc. (SAE} rcport.6
\

4"Estimating the Effects of Crash Phase Injury Counter-Measuves,"
Travelexs Research Corp., page 4, U. S. Dept. of Transportacion,
Contract No. FH-11-7228,

5Refe£ence rollover scenes from the film "Unrestrained Flying'
Objects," available from the General Motors film library, 1968.

6y7, 0. Nelson, "Lap-Shoulder Restwaint Effectivensss in the

United States,;" SAE Automotive Engineering Congress, Detroit,

Michigan, January 11-15, 1971, Paper No. 710077 (see especially
! case nos. 1, 2, 4 and 5).
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In summary., in the absence of data‘to the contrary,
AMA suggests that occupant injury by impact with a highly
deformed roeof structure may well be more directly a {unction
of large collisiun forces in severe rollover accidents rather
than of roof deformation per se,

AMA therefore questions whether there is a safety need
,{; for a standard on static rocf sﬁrength that is not correlated

i

"with occupant injury. However, if the Administration insists

|
i

that a standard on roof strength be issued, the total roof
Is strength should be evaluated by appropriate measurement of
- | deformation over a relatively large area of the roof. A

B laboratory~type roof crush test procedure has been under

R s e R AT
TS 'S

Sl

development fof seVeral'years. This'test procedure reflects
the egpert_opiniéns of many aﬁtomotive engineers and has been
& adopted by. the Shﬁnin Recommended Practice J374. Therefore,
i AMA requests that aﬁy proposed standard not arbitrarily change s
existing and appropriate test procedures.
AMA recommends the following changes in the proposed

o standard. Deletions are shown by cross-hatching and additions

by underlining the new language.
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{ Roof IRELULidr PLoLAcLioh

Strength--rassenger Carvs

Sl. B2gpPEl THIE SLARAAYE FBEAVYISVEE REXEMALH YAdALreren e s
HAAR Y PERBEARELINE LOXCRA pAEH #E LHERSE YEKEYY f6 Vet EXPELdrieés
b4/ ;¢'¢II¢#§I-‘ RELEARALL Fet IAE EBXARLA PRLLIER B PAd PAZE#AdRY

—

CARBAYEIERY FdBf4 Purpose and scope. This standard specifies

. strength requirements for passenger car top structures to reduce

the effects of rcof defornation during rollover accidents.

A4 ERLEPEES MR pAYdde OF YIS BLAVAAIA IF KO YEOAPE ACAENS
| ARA IRIAYIER MAE KB IAEEMR APV BE EM; EBOE INES KHE BAEREVALY
PERBRILRERE I ZRYLPHEY e LAPALRL

COMMENT: AMA has é;enged the Title, Scope and Purpose
. to eliminate the inference that there is a necessary
J correlation between r1oof deformation and occupant
i injury. AMA also is recommending a test procedure which
%‘ evaluates the strength of .the total roof structure system
and not just the ‘forward section. The subsequent para-
graph section numbers should be changed in accordance
with deletion of S2,.

S#3. Requirements. A test device as described in 584 shall -

not move more than $ __ inches, measured in accordance with
Sf5.4, when it is used to apply a force of ¥ X/7 ___ times

the gppr4 curb weight of the vehicle, or Z/ppf , pounds,

SR e S e L
7 T
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571-5.90

! S3. (cont.)

whichever is less, to gAF¢M one side of a vehicle's rouf in
accordance with the proccdures of SE3.

COMMENT: The S-inch limit and the 12 by l2-inch test
device in the test procedure overemphasize the per-
formance of the windsﬂield pillar and do not allcw
an adequate evaluatidn of the top structurc performing
as a system. Participation of center and rear roof
pillars which can contribute to roof stability during
rollover would not be evaluated with this limited
deformation.
Attachment B indic;;es a geometric relationship which
4 defines front body pillar displacements for typical
passenger cars which will permit & total roof system
strength evaluation. This information suggests the
"A" pillar deformation dimensions at which rear roof
) roof strength can be evaluated for the size classes of
vehicles listed in the chart.

—

A LA AT rw R AT Ty e AR S T e
‘,_".‘!'JT‘__H..: AT T y AR T e

e v‘"":-i A

AMA requests that the Pdministration adopt curb weight:
in place of some new definirion. This weight term is
presently used in other standards and is technically
defined.

AMA has changed the requirement for testing each side
of a vehicle to testing only one side for the reasons
stated in the comments on §56.5.

Ry
-+

\

1
AMA has not considered and has no retommendations to
submit on what the appropriate force reguirements or
other values should be. Accordingly, AMA has simply
struck those valuzs and left blanks in the proposed
standard. AMA member companies may have individual
- comments on what values would be appropriate,

ST E

AT

PRODUCED BY GM IN PENNY SHIPLER V GM SHIPLERO00000453



. . STL-5.7

!ssg_. Test device. The test dovice it a FEAIAS AAYIAT AL

block with its lower surface formed as a flat ALA L rectangle

12 inches x 72 inches. ¢d A #.d¢/ Jr2 PEAAFA KE A AHLFS1M

}zl;épxﬂ gf 2 INgWegL The BAAdLYy surface is of such a stiffness
 Ithat vhen the ¢gpyds 4f UL gardidd surface is statically

- ‘depressed Y YA¢N by a Yigig dictc 4 inches in diameter, Fig

T EEIALARCE BEZAYEA VY KNG PAARIAG LF VALWEHH BTF And 725

" BEdAAEL the deflection of the surface shall not exceed one-

. ténth inch under a 5,000 pound load.

COMMENT: SAE has developed a laboratory test procedure

for roof structure strength, SAE Recommended Practice

v J374, December 1968, Passenger Car Roof Crush Test

K Procedure., This procedure, under which manufacturers

) now have some experience, provides that a 12-inch by
72-inch platen be pushzd 2ga2inst the roof structure at
prescribed locations and angles.

3 The Administration's propcsal in contrast specifies a

p 12-inch by 12-inch platen covered with 2 inches of
vadding and positioned at a different angle, a device
whlch does not allow the evaluation of the top structure
as a complete system ‘'since the load is much more concen-
trated. In keeping with the recommendations that SAE
J374 be used, we recommend that padding not be added to

- the lower surface of the test device.

!, The language has been changed to provide an objeative
definition of the term "rigid, unylelding" when applied
to the test device.
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. 571-5.8

8F5.1 Place the sills or the chassis frame of the vehicle

on a rigid horizontal surface,” and fix the vehicle Yididry

in position/. AMA AYBd¢ AMA TUEK AXY Adgrdh ALl exterio:

doors shall be fully latched, All fixed glass shall Dbe

installed and all movable glars shall be in its closed position.

COMMENT: The above chanves have been made to
eliminate test condition ambiguity.

Because lateral, fore or aft vehicle movement would
affect the test results, it is necessary to define

! "rigidity" within certair specific tolerances.

" . Accordingly, AMA recommerds that if such a standard
is adopted, it contain srecific tolerances for fixing
the vehicle during the test.

' AMA's proposed change recarding the doors is to make
- . it clear that doors must be fully latched (primary
_} position) since a door cculd be considered closed and
- could even be locked in the secondary latch ‘position.
AMA does not believe that locking of the doors would
have any effect on test results.

The status of the glas§/is defined to assure adeguate
control of potential test variables.

i N
Sf5.2 Orient the test device as shown in Figure 1, s¢ tnat
W ' p

7 its lower surface-- {

?“ (a) 1Is at a forward (side view) angle cf Ygf 5° % 1°
below the horizontal;
(b) 1Is at a lateral (front view) outboard angle ~f¢

i
[

¢, 25° % 19 below the horizontal;

T T e v gy .
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(¢) Has two edges parallel to the vertical plane
through the vechicle's longitudinal centerline; and

(Q)  RE AELE fPERERYS X2 LAMBPAL 18 EVE $MLEARE 81 £H

¥ERi{ZY¥{ Extends not less than 8 nor more than 10 inches

forward of the rearmost poiit on the windshield daylight

opening. The point of tang:ncy between the +2st device and
7

the roof mugt be positioned to coincide with the longitudinal

v . centerline of the test devic:e lower surface.

COMMENT: As noted in -<he comments to section S5
(54 of AMA's rewrite), AMA reguests that the
Administration adopt the 12-inch by 72-inch load
device defined in SAE Recommended Practice J374.
Over two years of test experience with this device

! could be retained as useful information if the change
mentioned above was adopted.

e Comments on S4 (S3 of AMA's rewrite), Reguirements,
i

e suggest establishing a roof system structural evalua-
55“ tion. This intent supports using 5° for the side view
. platen anglé consistert with Recommended Practice SAE
b2 J374. Using the 12-irch by 72-inch load devlce, the
{3‘; provisions of $6.2(d) are then modified to assure

i adequate overlap of the load device with the roof

R structure. Consistent with these changes, Figure 1

o is modified as shown in Attachment C.

it .
i, H
s

ok

=

D e I L e e e

v
'

Sg5.3 Apply force in a dowrward ﬂirectidP perpendicular to

i the F/Zdid lower surface of the test device af . rate of not

e more thar Z@@ pgypdg one-half inch per second until reaching
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55.3 (cont.)

a force of X X/2Z times the gpigfy curb weight of the

/ y , , .
' _ pounds, whichever is less. Yhe

tested vehicle or B/988

test must be completed within 120 seconds. Guide the test

device so that throughout the test it moves in a straight line
with its rigid lower surface »sriented as shown in Figure 1,

COMMENT: Most loading d:vices are designed to operate

at a constant rate of displacement rather than a

constant rate of force. Due to the nature of vehicle
| structure, which may experience rapid changes in force

* level as it picks up additional "hard" structure below

the exterior surface, coatrolling force rate requires
additional test equipment and complication without
rational basis. The sam>» controlled displacement rate
and test completion time limit recommended by AMA have
been accepted in the test procedure defined in FMVSS
No. 214, side Docr Strengyth, and are 'a method of
ensuring the essentially static character of the test.
The proposed performance values have been deleted and
curb weight has been substituted for empty weight for
the reasons stated in tha comments on S4 (S3 of AMa's
rewrite}.,

Figure 1 would be changel as shown in Attachment C.

USIE HALARY UHE EREL OR EWE GYVEE LXOME dSPASE OF IHE todf
BE LHE HEMILXRL |

COMMENT: AMA obijects to this provision on the following
groundst '

(1} Test and accident survey experience indicates
that in most cases roof structure damage is distributed
to only one side of the roof in an actual rollover
situation, Attachment D supports this position.

/
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871-5,11

{cont.)

(2}  Since the uppe: car structure is symmetricel,
it makes no difference which side of the roof is
selected for testing.

(3) llowever, it 1s very quosti‘n “le whether
raneatable or reliabie results can ba obtajined by
testing both sides of tl:s same ruor ctructure system.
This foliows from the fact that consistont material
deformation in the vicin:ty of the sccond test cannot
be assured after an init:al destructive test on the

first side.

SHIPLER0O0O000458
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INJURY LEVEL WITH ROOI' DEFORMATICN OVER OCCUPANT

U2={tR=-X00 -1 =01}

{Restrained and Unrestr.ined Saocupants Non Ejected)

PTTACHMENT A

No. of Ranye Gf Poof No. of Cases “
Accident Injury Level h:formation Qver with Brof Deformation
Cases of Occupant 0 :cupant.,_ Inches of 5" and Greater
71 None 0 to 20° 2%
6 Minor 0 to 20" ac
31 Non-Dangerous 0 to 20" 13
. 3 Dangerous 4 to 18" 2
4 Fatal 0 to 18" 3

LW P el

o =

et
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geferences: General Motors repsrt (30203) - "Roof Crush
and Injury in Rollsver Accidents”

-
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! - 10AD DEVICE DIN PLAC‘EMENT AND ANGLE TC WNSURE ROQF STRUCTURE SYSF
DISPLACEMENT* |
_ DOKESTIC U.S., RANGE .
S VFHICLE SIZE car:t:oar X, Distance (inches)
o SUB-~COMPACT €.5 to 10.8
- COMPACT 5.5 to 10.5
5.3 to 11.9
INTERMEDIATE .
g T 5.4 to 1.5
O STANDARD ’
1 # See above drawing for definition
e
5
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:"g ay
- K. DisTamMer.

EOLE oF PEAL WINDCHY

'iIGE DISPLACEVMENT AND ANGLE TOQ ENSURE ROO! STRUCTURE SYSTEM EVALUATION
PO ! 7

e ! : DISPLASEMENT# ANGLE®

C u.8, ! 3 RANGE RANGE

18IZE CATEGORY | X, Distange (inchesl ¢_{degrees) o
BACT | 6.5 to 10.8 6.0%t0 9.5 2
it ; 5.5 to 10.5 5.5 to 9.0 5
- 5.3 o 11.8 ° 4.5 to 9.0 ~
DIATE 5.4 Eo 10.5 5.0 to 10.0 o
D =

S

I)dmwing for definition
ook
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Test-Device Ceaterline

8" Midimum to 10" Mexinum

g
[

QDIGSIUQG\

AEFERTNCE m.m:j AN
. ) ‘ . Rearmost point on

’ ~ : windshield daylight
o Figure 1 opening.
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P'OQF DAMAGE DISTRIBUTION DURING ROLLOVER*

u \

y DAMAGE CI."'EGORY NO. OF CASES % _OF T0’

CASES WITH IMPACT
AND DAMAGI (.. ONE
SIDE . 83

CASES WITI IMPACT AND |
DAMAGE ON ONE SIDE PLUS
INDUCED DAMAGE ON OTHER
|SIDE 42

K . |SUBTOTAL-DIRECT IMPACT
L ' DAMAGE TO ONE SIDE 1

X
n
i

ASES WITH ACT
AMAGE DISTRIBUTED ON
OTH SIDES 33

/
Funrowjp—nxnncr IMPACT

: DAMAGE /TO BOTH' SIDES 33
; ,
TOTAL CASES \ 158
*General Motors report (30203) - "Roof Crush and

Injtry in Rollover Accidents®
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DURING ROLLOVER®

3ES ° & OF TOTAL CASE3

27

b 79 i

* T2 dramn
=T

i

21

) B

TEY

21

YRS |

1090

:'J'?,':;l

-

}of Crush and

ol
\

.:;;1.5 :3+:?::
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