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Ford Motor Company 20000 Rotunda Drive
Dearborn, Michigan 48121 :
Mailing Address:
P.O. Box 2053
Dearborn, Michigan 48121

February 6, 1975

M. Howard P. Gates, Jr.
Economi cs & Science Planning
1200 18th Street, NW
Wshington, D.C. 20036

Subject:  OTA Autonpbile Collision Data Wrkshop
Dear Howard

It did take some tine in a very busy schedule to neet
with you and to put our thoughts down, but we appreciate the
opportunity to express our understanding of, and our position on
the subject of accident data. In regard to societal costs: the
Ford Mdtor Conpany submission to Docket 74-15 -- Advance Notice
Concerning Hi gher Speed Protection Requirements -- contains sone
estimtes of the additional consunption of resources entailed in
trying to meet a high speed requirement.

It is difficult to deternmine all the ways in which
i nadequat e acci dent data would | ead to unnecessary expansion of
costs, but we believe this one exanple will provide a general
picture of the possible magnitude of such expense. | don't be-
lieve we conclude that raising the crash requirements is the
wong thing to do, but rather because the cost inplications are
so great nothing less than a commensurately significant analysis
and determnation of need — which has not been done —- should
precede any decision.

It is easy to lose sight of the fact that a good

intention, or want, or objective gets converted, by neans of a
regulation, into very specific operational requirements and
aﬁecifications which the manufacturer nust meet, specifications

ich my have little to do in the last analysis with the inten-
tions of the regulation. However, the regulation, in its specific
detail, is often defended on the basis of its notivation rather
than on what the particular requirements of the regulation are
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likely to actual ly acconplish. Specifically, in this case, if it
is deened desirable to provide better protection for those people
who are in high speed crashes, then it may or may not follow that
running an automobile into an imovable wall at 45 or 50 nph, and
then conparing readings ?otten on accel erometer in dummes against
some mandated criterion level sonmehow validly signifies acconplish-
ment of the societal goal which notivated the standard. The Iike-
lihood of gross erosion of relevance is probably nowhere better
seen than in the accident avoidance series of standards, where
little or no validation has been attenpted.

A contrary argument is likely to be heard: that the
need is so great we cannot wait for all the evidence to be in,
that utterly adequate evidence will never be forthcom ng, and
thus we nust act now. But such an argument seens to beg the
question: for how can we know we nust act now -- especially
W th some particular counternmeasure -- if that deternination de-
pends on having adequate data? A variant on this argument is that
it can do no harm and might do sone good. But, without data there
Is no assurance that particular countermeasures will do no harm
and certainly a cost without a conpensating benefit is a net harm

| am attaching a cory of the Ford docket submission on
the higher speed protection requirements proposal, but you Wl |l
probably want to give special attention to the brief sunmary,
“societal Cost Inplications of I|nadequate Accident Data,” which
puts forth the main points made there.

In addition, | am attaching an updated copy of the
remarks which | made at the Workshop. They are essentially the
sanme as the statenent | read, but there have been some additiona
clarifications which | felt were appropriate in view of the dis-
cussions which took place at the neeting.

Sincerely,

Ué/(a{ (/Etal@d,e,/

John Versace
Executive Engi neer
Safety Research

Attachnent s



SOCI ETAL COST | MPLI CATI ONS OF | NADEQUATE ACCI DENT DATA

The denonstration of need for any safety standard nust ultimtely be
established by accident data -- in all its forms -- if objective safety
standard performance levels are to be achieved. [|f standard performance
level s are established on a subjective basis, the possibility of very high
societal cost with inadequate return for that cost is very real

As an exanpl e of proposed performance |evels which could have severe
societal cost inplications consider NHTSA's Advanced Notice of Proposed
Rul emaki ng (ANPRM), Docket 74-15 Notice 1. This ANPRM proposes to increase
frontal barrier crash requirenents from 30 nph to 45/50 nph -- an increase
in crash energy managenent requirements of 125 to 177% above that required
t oday. The notice al so proposes to inplement the rule on Septenmber 30, 1980

Ford Mtor Conpany’'s response to this notice is attached. It presents
the inplications of inplenenting such a proposal in terms of increased car
weight and car length. For exanple, to neet the frontal crash requirenent
alone, a 1974 Ford would be 500 pounds heavier and 16 inches |onger; a 1974
Pinto would be 600 pounds heavier and 37 inches longer. Additional weight
woul d be required to nmeet side and rear inpact, roof crush, and fuel system
crash requirenents currently in being or presently proposed in other standards.

Wi ght increases of the nagnitude discussed above inply conpletely re-

designed cars -- not modifications to on-going designs. In addition to new
metal structures, the added weight woul d require higher performance powertrain
and running gear (brakes, suspensions> steering systens, etc.. . . . ) which in

turn would tend to weigh more. Ford Mdtor Conpany markets 16 donestically
manufactured car lines built from eight separate body shell platforns. To
conpl etely redesign these platforms woul d invol ve staggering engineering and

i nvestment costs. Annual increased car purchase costs to consuners -- assum ng
such a gigantic task could be done at all -- would be on the order of billions
of dollars annually.

Such a major weight increase in cars would have a two-fold effect on the
consunption of energy. The fuel econony of vehicles would deteriorate and
secondly, additional energy would be used to manufacture the added weight
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Fuel econony may be expected to decrease from the current average of
13.6 niles per gallon by about 10% This represents an increase in fue
usage of 25 mllion barrels each year. Should this weight increase be
applied to the entire vehicle popul ation, the annual fuel econonmy penalty
woul d be nearly 200 nmillion barrels. In ten years gasoline purchase costs
woul d be on the order of $5 billion nore per year than 1975

Adding this weight to 10 mllion new cars each year woul d increase
manufactured nmaterial requirements by about 3 mllion tons annually. The
gross effect of the vehicle weight increases would be to increase the demand
for finished steel, steel castings and rubber for the auto industry by
about 20%  The energy consunption for manufacturing this added materia
weight in 10 mllion new cars each year woul d approximte 130 trillion
B.T.Us

If all the cars on the road were at the higher weight levels, the tota
annual cost increase to consuners would be the sumof the annual cost of the
decreased fuel econony (projected at $5 billion), pusthe higher costs and
energy associated with manufacturing the heavier vehicles (projected to be
billions of dollars annually). This sustained annual societal cost inpact
coul d take place because of a regulation whose need has not been definitely
or definitively established

-11-
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Ford Motor Company The American Road
Dearborn, Michigan 48121

Sept enber 19, 1974

National H ghway Traffic
Saf ety Adm nistration
Docket Section -- Room 5108
400 Seventh Street, S. W
Washi ngton, D. C 20590

Gent | enen:

Re:  Advance Notice Concerning H gher Speed
Protection Requirenents ?Docket 74-15:
Notice 1)

Encl osed are Ford Modtor Conpany’s conmments on the
Adm nistration’s advance notice of proposed rulemaking to
increase the frontal barrier crash requirenments of Federa
Motor Vehicle Safety Standard No. 208, COccupant Crash pro-
tection, to 45 or 50 nph effective Septenber, 1980. Ford
has also participated in the preparation of coments being
submtted by the Mtor Vehicle Mnufacturers Association
and respectfully requests that those comments be incorporated
herein by reference.

The coments address the several areas of interest
cited by the Adm nistrator in the subject advanced notice of
proposed rul emaki ng. It is appropriate, however, to high-
light certain salient points on which the comrents expand.

There is the apparent assunption that a ‘manifold
increase in lifesaving capability of occupant crash pro-
tection systems” can be denonstrated nerely by increasing
the velocity at which a test vehicle inpacts a fixed barrier
and having the recorded test results satisfy essentially
arbitrary criteria.
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Nat i onal Hi ghway Traffic
Saf ety Adm nistration Septenber 19, 1974

As the Adnministration well knows, there are many
unsettled questions and unresolved issues with regard to
Standard 208 including the correlation of test device
responses to those of humans, the subjectivity of test
procedure, the questionable appropriateness of the criteria,
etc. Barrier crash tests are not representative of actua
traffic accidents. Meeting sonme requirenment using a test
device having a superficial resenblance to a 50th percentile
mal e adult positioned in a nornmal seated position is no
guarantee that human occupants will survive in actual col-
lisions of apparent equivalent severity.

Despite the uncertainty associated with Standard
No. 208, in an effort to aid the Admnistration in defining
the potential effects of adopting requirenents such as those
in this proposal, Ford has conducted a theoretical study
related only to front end inpacts using a Sinplified node
and idealized assunptions as to restraint systens, structure
behavi or, etc. That study, as explained in the attached
comments, convinces us that the results of the Adm nistra-
tion's proposal would be to increase the weight of a vehicle
with a Pinto size passenger conpartnent by about 600 pounds
and that of a Ford size vehicle by between 500 and 900
pounds for a 50 nph barrier inpact speed. Length increases
of as much as 37 inches for the Pinto and 16 inches for the
Ford would be required. Specific nodifications would be
dependent upon restraint systens paraneters that are yet
undevel oped.

It is obvious that vehicle weight increases of
this magnitude will have a pronounced effect on vehicle
cost. The engineering and investnent costs necessary for
maj or redesigns of all existing cars in a short time period
of a few years mght best be described as sta?gering. Based
on our analysis to date, Ford would not be able to neet the
proposed effective date of September, 1980.

These weight and length increase estimates are
based on a sinplified, idealized analytical study and we
consider them the mninmum changes required, if only the
requirement for front end inpact speed was increased. It
is significant that these results are not greatly dissimlar
to those that could be derived from an analysis of the
vehicle designed and built under the Experinental Safety
Vehi cl e prograns. It is also significant to note that
none of the full sized Experinental Safety Vehicles were
successful in neeting the requirenents during a 50 mle per
hour barrier crash despite, in sonme cases, the sonewhat
exotic designs enployed.

-13-



National H ghway Traffic
Safety Adm nistration Sept enber 19, 1974

Ford believes that the increased speed requirenent
wth its attendant cost and weight increases cannot be justi-
fied wi thout an analysis of highway accident data show ng
that a safety need exists for the proposed increase. The
acci dent inpact speed data currently available w th which
to perform a benefit analysis of higher speed requirenents
are dependent on subjective human evaluation. Speed
estimates in existing data files are thought to be unre-
| i abl e because they are formed by witnesses or by accident
i nvestigators having varying degrees of experience.

The lack of a sound data base with which to evaluate
the need for higher speed performance requirenents further
underscores the need for a large scale crash recorder pro-
gram to evaluate the actual crash dynanmics. The initial
results of crash recorder analyses have indicated that
I mpact speeds estinated by police and accident investiga-
tion teams are consistently higher than the speed change
noted by the recorder.

Ford is currently engaged in a research project
under DOT contract to define the performance paraneters of
a 3000 pound safety vehicle which will be practicable to
manufacture in the md 1980's. W believe this research

wll be of value in evaluating future notor vehicle safety
needs in the area of higher speed protection. Thi s project
is scheduled for conpletion in April, 1975.

Ve, therefore, recomrend that NHTSA's efforts in
the area of higher speed occupant crash protection be con-
centrated on devel oping an accurate data base from which
the Admnistration can determne,on an informed basis, the
safety need, if any, for a barrier crash test and identify
appropriate and practicable test speeds.

At the present time we can only concl ude that
adopting the proposal advanced in this notice would have
the certain effect of increasing weight and vehicle size
(wth the attendant adverse effects on fuel and material
consunption) and consumer cost. The anount of benefit to
be gained is only specul ative.

~_If we can be of further assistance in explaining
our position, we will be available at the Adm nistration’s
conveni ence.

“Respectfully subm tted,

EJ.iC. Eckhold N

Djrector
utomotive Safety Office

bgw

Attachnments
-14-



ATTACHVENT
Septenber 19, 1974

H GHER SPEED PROTECTI ON REQUI REMENTS
DOCKET 74-15; NOTICE 1

COWENTS OF FORD MOTOR COVPANY

Ford Mtor Conpany, with Offices at The Anerican
Road, Dearborn, Mchigan 48121, as a nanufacturers of notor
vehicles, is connent|n%{on the Advance Notice of Proposed
Rul emaki ng concerning H gher Speed Protection Requirenents
Ublli%%%SSn the Federal Register on March 19, 1974 (39 Fed.
eg. :

o The Notice states that the Administration is con-
siderin anendln? Federal Mtor Vehicle Safety Standard No.
208 (FMVSS 208) to include a 45 or 50 nph frontal crash
aggglrenent with a suggested effective date of Septmber 1,

In our evaluation of the Adm nistration% proposal,
we found we were inpaled by the lack of adequate factual
information. Analysis of the available accident data |ead
us to the conclusion that such data are not sufficiently
reliable to assess safety need.

_ Review of the public record on FWSS 208 did not
di scl ose the existence of technology which would show that
a practicable vehicle could be designed to neet the frontal
i npact requirenents of that Standard at 50 nph. The
donestic ESV's, including the one built by Ford, represent
the nost conprehensive attenpts to conply with such a re-
quirenent and all of them failed in that” endeavor

Nonet hel ess, we have gained sone insight into the
probl em and have prepared the f0||Qwﬂnﬂ conments based in
p?ra_on engi neering judgnent, relying heavily upon theoretica
st udi es.

Technol ogy

The Administration states in the Notice that
based on research which is extensively docunented in the
Docket on FMVSS 208, it is of the opinion that technol ogy
has advanced to the point where protection can be offered
in crashes equivalent to those into a fixed barrier at
nore than 40 nph. W have examned the public record
concerning FWSS 208 and have found no evidence that the
Adm ni stration has ever conducted the conplete test series
ESqU|£ed by FWSS 208 even at 30 nph, much less at 45 or

nph.
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Technogy (Cont'd)

_ None of the domestic experimental safety vehicles
built under DOT contracts_net the performance requirenments
of FWSS 208 at 50 nph. These vehicles exceeded the 4000
pound wei ght objective by between 1000 and 2000 pounds. One
such vehicle even used unconventional |ightweight naterials
inan effort to minimze weights. These materials are gen-
erally inpractical for high volune autonotive use because
of supply limtations, high cost and |ack of adequate manu-
facturing technol ogy.

More recent higher speed research by NHTSA con-
tractors has concentrated on maintaining passenger conpart-
ment integrity independent of programs to devel op restraint
systenms* ~Advanced structures have not been eval uated in
combination with advanced restraint systens in a 50 nph
fixed barrier inpact test series which would otherw se
conformto FM/SS 208 al though the intent to do so has been
expressed in requests for contract proposals issued by NHTSA

- This was noted by Dr. Patrick MIler of Calspan
Corporation in his statement before the Senate Conmerce
comittee on February 21, 1974, He stated that “although
I npressive structural performance has been denonstrated _
during frontal collisions, we have not yet devel oped restraint
systens which coul d take advantage of these advances”.

_ ~Anot her probl em which has not been adequately con-
sidered is the possibility of adverse consequences on occu-
pants of vehicles designed for a 50 nph barrier inpact when
they are involved in |ower speed inpacts. The possibility
exists that due to increase in vehicle stiffness the injury
level in low speed collisions will Becone worse.

~ Many of the crash tests have been conducted at
test weights substantlallxsless than that required by FMWSS
208.  Under DOT Contract HS-257-2-461, ‘Frontal and Side
| mpact Crashwort hi ness- Conpact Cars” the contractor con-
ducted the crash test wthout any dummy occupants and with
the vehicle weight 700 pounds under that required by FMSS
208. The effect of added weight is to place even greater
demands upon the vehicle structure and, thus, to produce
substantially different results.

Further, our review of structural integrity research
under NHTSA contracts indicates that these efforts have not
been directed toward designs which are practicable in high
vol ume production. The usefulness of the resultant designs
for commercial marketing has been inadequate in nobst cases.

For example, the donestic ESV's were five Passenger.sedans
with the occupants tightly packaged while the exterior
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Sept enber 19, 1974
Technol ogy (Cont'd)

di mensi ons were equivalent to current vehicles caPabIe ﬂf
carrying six passengers. One NHTSA contractor ralsed the

body of ‘a Pinto six inches higher off the ground and noved
the driver four inches into the rear Passenger space.

DOT Contract HS-113-3-746, "CrashworthinesS of Subconpact
ehicl es”)

_ W anticipate that the structural nodifications
introduced to meet the 50 nph fixed barrier inpact require-
ment woul d aggravate any existing car to car inpact com
patibility problens. e stiffer frontal structureand
greatfr mass woul d have an effect in frontal, rear and side
I npact s.

Size and Weight Effects

_ - There is only mnimal data and Iimted experience
wi th vehicle designs needed to approach a 45 or 50 nph
fixed barrier frontal inpact requirenent. Therefore, we
have attenpted to extrapol ate data fromexisting cars to
determne the size and weight effects of the Admnistra-
tion's proposal. The results of Ford's and other domestic
ESV programs, along with additional Ford research, were
used even though the ESV's did not neet the occupant pro-
tection requirements of FMVSS 208 at 50 nph and exceeded
the vehicle weight objective by large margins.

- The test data used as a basis for the engineering
assunptions and projections were gleaned from recorded
force and accel eration neasurements upon various anthro-
pometric test devices. Though such data was found to |ack
repeatability, it nevertheless was averaged and used for
directional ‘guidance.

_ Sinplified analytical techniques were used along
wi th assumed performance paraneters for advanced restraint
systens to derive an estimate of the size and weight
increases necessary to meet the proposal

For purposes of this analysis, the parameters for
an advanced air bag system and an advanced belt restraint
a%sten1mere hypot hesi zed to represent restraint systens

ich are not currently available but which may be possible
by Septenber, 1980.

The results of nunerous barrier crash tests were
examned to evaluate the performance of various experinenta
and production belt and air bag restraint systems. Val ues
for effectiveness tine, rate of deceleration onset, and
equi val ent uniform decel eration or “square wave” decel era-
tion were then determned. The key criterion was the 60 g
deceleration limt of FWSS 208. concl uded that for an
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Size and Wight Effects (Cont'd)

advanced belt restraint system a deceleration curve with
an effectiveness time of 20 mlliseconds, a uniform onset
rate of 1200 g/see, and a constant deceleration of 40m%{s
gave an idealized representation of the decel eration which
coul d be produced on the chest of an anthroponetric test
device. For an air bag, the values of 40 mlliseconds

ef fectiveness tine, 1500 g/see and 48 ¢g's were determ ned.
The deceleration levels represent the square wave that
woul d sinul ate the averaﬂe of the peaks and valleys of a
dKnan1c curve in which the peaks would still remain under
the 60 g limt of FMWSS 208. (nset rates and effective-
ness times were chosen based on predicted future system
performance capabilities.

The advanced belt system would include a crash
sensor and a prel oader device and possibly a load limting
webbing nmaterial. The advanced air bag systemwoul d require
devel opi ng i nprovement to present systems to achieve effec-
tiveness within 40 mlliseconds.

_ The restraint systemparameters were used with a
sinple mathematical nodel consisting of two point masses
representing vehicle and occupant. ~Idealized occupant
stopping distances were determned and then conmpared with
the avallable vehicle crush and interior occupant space.
The vehicl e decel eration necessary to produce the assuned
occupant decel eration was al so conput ed.

_ ~The output of the sinple mathematical mcl thus
Ives an indication of the anount that a vehicle nust be
[engthened or stiffened to approach a 45 or 50 nph barrier

I mpact requirement. The length and stiffness increases
were used to determ ne weight effects using englneerlng
judgnent based on Ford experinental results and ESV exper-
I ence, and a review of the ESV s designed by others.

~ One particul ar assunmption included in the IenPth
calculations is that 65% of the added length will actually
crush during inpact. Deformed structure would occupy the
remai ning 35% of space. The frontal area occupied
relatively inconpressible conponents such as the engine
are consi dered unavailable for vehicle crush. However,

t he sPace occupi ed by the engine was al so considered avail -
able for the deforned structure. For purposes of this

anal ysis, length added to the vehicle was considered

total |y usable for conputing crush distance up to the

oint where the 65% efficiency |evel was reached. After
hat point, 1.54 inches of vehicle length were added for
each 1nch of crush length needed.
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The resultant length increases, stiffness, and
wei ghts are shown in Fig. 1 for a vehicle with a Ford size
passenger conpartment and Fig. 2 for one with a Pinto size
passenger conpartment.

_ The Ford size car with an advanced air bag sgsten1
intended to meet a 50 nph inpact |evel would be over 1

inches longer and an estimated 530 pounds heavier than the
current Ford. The same car with an advanced belt restraint
would only be 2.4 inches |onger than the 1974 nodel but woul d
be nearly 900 pounds heavier

_ The Pinto size car with an advanced air bag system
intended to neet the sanme 50 nph requirenent would becone

37 inches longer and an estimated 600 pounds heavier than
the 1974 version. Under the assunptions for the advanced
belt restraint, the Pinto would be 18 inches | onger and 630
pounds heavier than the existing car

_ Front end structural stiffness would have to be
increased substantially for both cars with either restraint
system

Lesser, although dramatic, weight increases would
result on both Ford and Pinto size vehicles as shown in
Figures 1 and 2 if a 45 nph barrier inpact goal were estab-
| i shed.

These wei ght increases are estimates for neeting
only frontal inpact requirements. No provision has been
made in this estimate for increased side, rear and roof
structure which we anticipate would be necessary to meet
the existing levels of such Standards as FWSS 214, Side
Door Strength, FMVSS 216, Roof Crush Resistance and FM/SS
301, Fuel ysten1[nte?r|ty. Structual nodifications would
be necessary to wthstand the increased static or dynamc
test |oads 1nposed as a result of the weight added to the
vehicle to meet the increased frontal inpact speed. The
weight increase resulting from these side, rear and roof
structural nodifications would cause further changes to be
made in the frontal structure to neet frontal requirenents.
These effects would be nmore pronounced on small cars under
3500 pounds curb weight due to the provisions regarding curb
weight in FWSS 214 and FWSS 216. Neither is there provi-
sion in these weight estimates for revision or deletion of
any other standards.
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The weight and length additions shown in Figures
1 and 2 were derived, in part, using sinplified analytica
t echni ques which do not fully consider the dynamc inter-
actions of vehicle structure, restraint system and test
device. They represent nminimum |evels of vehicle nodifi-
cation which”we believe would be necessary to approach the
frontal inpact performance |evels of FWSS 208 at 45 and
50 nph.  Restraint system performance paraneters were chosen
which we believe are possible by 1980, but do not represent
any system which we currently have available. Vehicle struc-
tures"with the necessary frontal crush characteristics mnuFd
have to be devel oped. Cﬁjectlve, repeat abl e conformnce
denmonstration procedures for FMSS 208 have yet to be
devel oped. W therefore consider these estimated weight
and length increases to be mnimm |evels.

The weight increase shown in Fig. 1 includes that
due to structural additions to neet the higher barrier speed
requi renent plus added weight to upgrade such areas as
engi ne, brakes, suspension and steering. \Weight estinmates
for these other systems were determned by increasing their
weight in proportion to the increase in structural weight.
This was done bK determ ning the portion of total vehicle
wei ght due to the other systems for several |arge size
vehicles as shown in Fig. 3. The portion of total weight
contributed by each system was found to remain fairly con-
stant. The increased wei ght of these systems was conputed
bﬁ_an iterative process based on the added structure weight.
This process would add weight to the various supportlng
systems for each pound of crashworthiness structure added.
W realize that in a practical sense weight additions occur
in discrete increnents.

_ A simlar analysis was conducted for smaller size
vehicles to determne thé weight additions for a Pinto.

(See Fig. 4) .
cost

W have not determned the cost effect of the
proposal, but it is obvious that addition of this anmount
of weight will result in substantial vehicle cost increases.
The engineering and investnent cost to redesign all of our
vehicles to attenpt to neet a 45 or 50 nph requirenent
woul d be staggering.

Ti m ng
The vehicle modifications required to neet a 45 or
50 nph barrier inpact requirement are so extensive that we

would be required to redesign all of ouaffected vehicles.
After a final rule of this type is established, technol ogy
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Is available, and practicability isachieved, it would take
approximately three years to redesign and retool a single
car line famly.

_ Ford normal Iy cannot devel op nore than two totally
redesigned car line famlies in the same nodel year due to
manpower and facility limtations and avail abl e capacity
within the tooling industry. It would require a total of
four additional years to introduce new designs of all exist-
|ng passenger car nodels. However, Ford has never before
undertaken a task of this magnitude. Even this cycle is
optimstic as it is unlikely the tooling industry could con-
tain the magnitude of such programs if all donestic auto-
mobi | e manufacturers found it necessary to inplement simlar
redesi gns.

On the basis of our analysis to date, we could not
meet a Septnber, 1980 effective date for all cars, even if
t he means of neetln? the proposed requirenents were fully
devel oped. Due to the uncertainties that now exist, we
cannot determ ne whether or not we can neet this date even
on one car |ine.

o A new car body and chassis design is produced for
a minimm of three years and in many instances can exi st
for eight years before a major redeSign. Therefore, the
redesign program that would be required by the proposa
woul d probabl'y obsol ete relatlveI% new car |ines before
the end of their normal cycle with additional cost conse-
quences.

The precise timng effects of the Admnistration’s
proposal have not been deternmined. Small cars would cease to
exi st as they are known today and |arge cars m ght well be-
come inpracticable due to increased size. W do not know
what vehicle nmodel m x the market woul d support if it is
artificially constrained by a requirenent which has such
a pronounced effect on vehicle size.

Acci dent Data Analysis

Ford and others have previously noted the unreli-

abl e nature_of reported accident speeds available for
analysis. The source of data errors and some of the

met hods whi ch have been used to adjust these data are
shown in Exhibit |I. Recent crash recorder results have

confirmed that reported crash speeds are usually too high.
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Accident Data Analysis (Cont'd)

_ Twenty acci dent cases involving vehicles e U|gped
with crash recorders were summarized in SAE PaPer 740566 by
S. S. Teel et al' of the National Hghway Traffic Safety
Admnistration (NHTSA). The results of an analysis conpar-
Ing each case vehicle's velocity change, as reported by the
pol'ice and/or an accident investigation team are summar-

I zed below.  The inpact speeds used in this analysis and
their differences are contained in Exhibit I1I.

The accident cases in Teel's paper which contai ned
the necessary information were used to construct a sanple of
t he pogulatlon of differences between velocity “changes est-
mat ed by an accident investigator and the velocity change
experienced by the vehicle, as reflected by the crash re-
corder. The sanple of 22 differences as tested for normal -
ity using the Kol nogorov-Smrnov test® and the_hypothesis
that the population of inpact velocity change differences
is normal Iy distributed could not be rejected. Al though our
sanpl e of accident cases is small, it indicates that the
distribution of the difference in estimates is a bell-shaped
curve centered at 14 nph (the sanple nean) with an estinated
standard deviation of 11.9 nph. ing these figures, we
are 95% confident that ten percent of the reported inpact
sgeeds overestimate the true change in velocity by at |east
35 nph while one-quarter of them overestimate the true
change in velocity by at |east 25 nph.

An interval which contains the true nean differe-
nce between the estinmated and the recorded vel ocity change
of a vehicle in an accident, with 99% confidence, was con-
structed using the Students-t distribution. This interval,
7.1 mph < Mean Difference < 21.4 nph, indicates that, on
the average, accident investigators can be expected to over-

estimate accident inpact speeds by from7 to 21 nph. CQur

1 Teel, S. S., Pierce, S. J., and Lutkefedder, N W,
“Automptive Recorder Research --A Summary of
Acci dent Data and Test Results”, SAE 740566, 3rd
| nternational Conference on Occupant Protection,
July, 1974.

2 Lilliefors, H W, “On the Kol nogorov-Smrnov Test
for Normality with Mean and Variance Unknown",
JASA, June, 1967.
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Accident Data Analysis (Cont'd)

acci dent sanple also indicates that iqpact speeds can be
overestimated by as much as 40 nph. These large over-
estimtes do not depend on the magnitude of the crash
recorder velocity change.

~As an alternative statistical test, a non-
aranetric test, the Wlcoxon Mtched-Paris Signed-Ranks
est, also indicates that estimated |nBact speeds from
accident investigators are positively biased. Based on
crash tests, Teel concludes that changes in velocity
reported by crash recorders are accurate to within £ 2 nph.
Therefore, as a conservative approach, the differences
between the estimated and the recorded changes in velo-
city in Exhibit I'l were reduced by 5 nmpht ad the W I coxon
test was re-run to determne if the velocity differences
could be due to the crash recorder accuracy. The results
still indicate that inpact speeds estimated by police and
accident investigators are too high.

The lack of a sound data base with which to eval u-
ate the need for higher speed performance requirenents
further underscores the need for a large scale crash
recorder program to evaluate actual crash dynam cs.

-23-



EXHBIT |
Septenber 19, 1974

THE TREATMENT OF RECORDED | MPACT SPEEDS

- A Summary-

Met hods whi ch have been used to deal with reported

anact speeds from the ACIR accident case file are sunmmarized
e

ow.

A

Cooke, Conrad H., "Safety Benefits of The
Qccupant Crash Protection  Standard”,
January, 1971,

Cooke reduced all reported traveling speeds by
10 nph to obtain his estimted inpact ‘speeds.

Mela, Donald F., “A Source of Substantial Error
In Estimating The Distribution of Traveling
Speed For Accident-Involved Vehicles .*O”, DOT,
Sept mber 3, 1968.

M. Mla stated that, by using the estinated
|nRact speeds to determne speed distributions,
"the fraction of vehicles in the speed ranges
20-30 nph and 70-80 nph is overestimated by a
factor of 3, and the fractions bel ow 20 nph and
above 80 nph are overestimated by a factor of 17".
If this statement is true, then it suggests that
some variable type of correction factor (and not
a constant 10 nph as Cooke used) be applied to
the estimated inpact velocities in the ACIR file.

Wiite, S. B., Nelson, C, "Some Effects of
Measurement Errors in Estimating Invol venent _
Rate as a Function of Deviation from Mean Traffic
Speed”, Journal of Safety Research, Volume 2,
June, 1970.

Wiite and Nel son show that even if errors in
estimation are non-systematjc, an overestinate
of high-speed frequency would be found. That

is because any error of measurenent always serves
to inflate the variance of the distribution of
reported val ues, regardless of the nature of the
data. Thus, reported variance (i.e., the nean-
square deviation from the mean) is equal to the
sumof “true)’ variance and “error” variance.
VWiite and Nelson point this out, in suggesting
that high SEeed estimtes would tend to be exag-
gerated. They state that “errors in estimting
Speeds of accident-involved vehicles causes the
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I nvol vement rate, when plotted as a function

of the speed deviation, to be U shaped --
overestimated for |arge derivations (fromthe
mean) and underestimted for small deviations”.
Wiite and Nelson refer to traveling, not inpact,
speed, but the principle is the same in either
case.

Gush, E. S., Henson, S. E., and Ritterling,
0. R., ‘Restraint System Effectiveness”
Report No. S 71-40, Ford Mtor Conpany,

Sept enber 21, 1971.

In this report, ACIR inpact speeds were con-
verted to barrier-equivalent velocities. The
followng factors were considered in the con-
version: = the estimated relative closing speed;
the weight differential; a center of gravity

adj ustment; and an accident |ocation adjustnent.
A second method of obtaining the barrier-equiva-
|l ent value for each accident-involved vehicle
was based on phot ographs of the vehicle danage
and the study showed that this latter method
produces better results.

Mason, R R, D. W Witconb, "The Evaluation of
Acci dent Ingact Speed”, CAL Report No. YB-3109-V-1,
August, 1972.

This report presents several fornulas, one for
each type of vehicle inpact, which can be used
to estimate a vehicle% inpact speed. [t pro-
vides some insight into how Cal span nay estimate
| npact speeds.
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| MPACT VELOCI TY CHANGES

Acci dent
| nvesti gat or
Crash Recorder Esti mat ed
Recor der Vel ocity Change Vel ocity Change Di fference
Nunber (nph) (nph) (nph)
1086 20 60 + + 40
485 15 50 + 35
485 15 50 to 60 + 35
642 10 30 , + 20
322 5 25 + 20
335 6 25 to 30 + 19
641 13 30 + 17
694 9 25 + 16
596 10 25 + 15
596 10 24 to 26 + 15
596 10 25 + 15
641 13 25 to 35 + 12
642 10 22 to 25 + 12
306 19 30 + 11
463 19 30 + 11
463 19 30 + 11
485 15 25 + 10
25 18 25 to 35 + 7
352 15 22 + 7
463 19 20 + 1
94 11 5to 8 - 6
352 15 5 - 10

Ref erence: I%FI' S.. S, PIa%F, %2 J. and Lutkefedder, N. W,
ut omotive 'Recorder Research -- A Summary of
Acci dent Data and Test Results", SAE 740566,
3rd International Conference on Occupant Protection
Jul'y, 1974,
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: EEECT FRONTAL <
VEHI CLE WEI GHT Additions (LBS. )
WHEEL BASE FUEL | NCREMENT FWSS 208
RESTRAI NT| AVERAGE LENGTH DRI VELI NE SYSTEM TOTAL | CURB OVER TEST
SYSTEM g s | NCREASE RESTRALNT BUMPER ENGI NE SUSPENSI ON | NCLUDI NG STEERI NG | WEI GHT | VEI GHT BASE WV\EI GHT
sPEE Y P . W. E 2 /) STRUCTURE __ SYSTEM  SYSTEM SYSTEM  AND BRAKES FUEL SYSTEM | INCREASE | (LBS (% (LBS)
30 | Product ion 11.3 < Base = 4400 Base 5600
45 A 19.3 6.0 182 20 21 53 69 6 7 358 4759 8% 5958
45 B 22.5 0 283 20 31 81 104 9 10 538 4938 12% 6138
50 A 19.6 16.2 282 20 31 80 104 9 10 536 4936 12% 6136
50 B 26.0 2.4 483 20 52 134 172 14 17 892 5292 20% 6492
Restraint Tvpe A: Air bag - 40 msec. effectiveness - 1500 g/ sec. onset - 48g max.
Restraint Type B: Seat belt with sensor and preloader - 20 nsec. effectiveness - 1200 g/SeC. onset ~40g nax.
1/ Square Wave Equivalent of vehicle deceleration pulse based on inpact speed and total crush distance.
2/ Ccrush length increases in excess of bSinches are adjusted by a 65% efficiency factor
t4
]
g
"
(%)
»
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RLQUS VEH CLE__SYSTEMS
AGE OF ToTAL WEICHT

RSV*  TORINO FORD LINCO.N AVERAGE

Curb_Veight: .. 3000 4030 4398 5313
Per cent age of
Curb Weight:
Bunper Systens 6.0% 1 5.9% 5 0 4% 5 0 5.8%
Engi ne 15. 6% 14 2% 15 8% 15 0% 15 .0%
Suspensi on 21. 3% 19.8% 18. 5% 17+ 5%  19.3%
Driveline
Br akes
Fuel System To maintain the current Ford vehicle 1.6%

range fuel system weight should be

increased at-the rate-of .01415 Ib. per

| b. of added vehicle weight. The

fuel tank weight is approxinately

17% of the total fuel system weight.
St eering 2.0% 1.5% 2. 3% 1. 8% 1.9%

TOTAL: 46!5?0 43.0% 43.6% 41.5% 43.6?0

*RSV figures are an average of 10 Unitized vehicles
with curb weights from 2000 to 3300 I bs.
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Figure 4

VEI GHT OF VAR QUS VEHI CLE SYSTEMS
AS A PERCENTAGE OF TOTAL WET CHI

PINTO MJSTANG MAVERICK  GRANADA  AVERAGE
Curb Wi ght: 2457 2753 2831 331.9
Percent age of
Curb Wi ght:
Bunpers 6. 1% N A 6. 0% 9. 7% 5.9%
Engi ne 14+ 0% 14. 6% 14+ 996 15« 9% 14+ 9%
Suspensi on 21+ 3% 21 1% 220 1% 21+ 3% 21. 6%
Driveline
Br akes
Fuel System To maintain the current Pinto vehicle 2.0%
range fuel system weight should be
Increased at the rate of .01415 |b. per
| b. of added vehicle weight. The
fuel tank weight is approximtely
17% of the total fuel system weight.
Steering 1. 7% 1. 5% 2. 0% 1. 7% 1. 7%
TOTAL: 45. 1% 47.0% 46. 6% 46. 1%
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