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a. 
Dr, Willisci Haddon, Director _ • • . . ;;;' ' • 
Kational Highway Safety Bureau . ' i. •• ' • ' 
yediiral Highway Adaiinistration . . • ; . ' 
Vashihgton, D. C. 20591 ' , . 

Dear Dr." Kaddou; * ' 

With regard to the. meeting that has been set up in your office on Hriday,; 
•July 19, at 2;00TM, I am writing to let you know who from the industry . 
will he in attendance: . ' . . . . ' - •. ' 

I • • • ' * 

figRiCAl^T ̂ lOTCRS CORPORATION .. ^ ' " ' ' . • ' 
• Hlmer U. Bsrnitt - Vice President,' Automotive Safety & Quality Assurance 
Jack E. Martens - Chief Automotive Safety Engineer - ... ; ' 

i 

i 
• j. i 

' i 

CHRYSLER CORPORATION •• .. .: ••. • •; 
P.. C- llaftusler - Chief EngineerrAutomotive Safety ! 

, " V?. M. Swan ' - Assistant Chief Engineer-Advaaced Chassis Enginaering 

. m o t o r rcmr. ipty ; .. • ' - . " ; 

T o h n C. Eckholu '.Automotive Safety Director-Product Development Group 
• s istant- Chie-r~Enginecr-Eody^.ys^snjs-<c-Advaacad 

• . e n s d n e e n i n g ' ' . i ' . 
D r . John Versace - Executive Engineer-Safety Research 

' GSMERAL MOTORS CORPOPATION . • • .".•--•.• .•;- • 
'Robert F. McLean - Executive Engineer-Development Engineering . ' -•• \ 

;• . 
EATON & TOvTMS IHC. \ ' ' 
' R.-G. Brown - Director of Research & Development ' 
- D. P.'Hass - Chief-Engineer-Product Commercialization 

j- ••• Hal H. Newell ' - Washington Reprssencativa 
L . A. Seliu - Vice President-Marketing & Engineering • 

t• 
i 
t 
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I am enclosing a .sheet' titled "PJJMAN ̂ ACTOs: ELEMENTS REQUIRING ADDITIONAL 
TESTING" which,' as I explained when .we met with you on Hay 2S, are the • 
items of concern to us and I would hope could be nart or the discussion 
in" pur forthcoming meeting. 

• s l n c e r e l y i 

LAS/yjm 
c u d , 

i . . 

' j 
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.AUTO-Cr.PTOR SYSTEM 

. . • • • - • / ' ; 
n u m a . v f a c t o r e l e m e n t s r e q u i r i n g a d d i t i o n a l t e s t i n g . " 

i j ^ - e f f k c t o f n o i s e o n humt-.n e a r . . • •.• • •• ' • ' 

The noise level of the inflating bag-is close to the acceptable 
limits as shown on a curve originated by the Human -Engineering 
Laboratory and qualified by Messrs. Coles,^Garinther, Hodge, 
and Rice in an article .titled "Hazardous Exposure to Impulse 
Noise" in the February, 1963, Aco'ustical Society of America 

•Journal. Because the rate of pressure rise and frequency con-
• . tent of the impulse noise .generated by the inflating air bag 

may be different than that of the noise'sources used to estab- . 
lish the above criterion, it is; highly desirable to run- a test. 
v;ith human volunteers, 'conducted by some agreed upon expert,' 
using accepted methods for measuring the effect on the car .due 
to the inflating bag. j • 

2 . e f f e c t o f p r e s s u r e • i m p a c t . • • 

i 
I 
I 
i 

It is necessary to fipd the magnitude and effect of the pres-
sure duo to the impacting air bag on the-occupant seated in 
the worst position.• Primates or human:voluhteers may be used 
to evaluate this effect, ' .• ' : ' 

3 . c o r r e i j ^ t i o n o f d u m m y a n d h u m a n r e s p o n s e 
i ' • " " " ." " i .. . . ..• 1 
! • • ' 

Most of our testing to date, either on a sled or a car barrier 
test (cxcept for a series of nine primates at Hollcraan 'Air • • 
Force Base last June, 1967) ; -has been .vî ith instrumented dum-. 

.... mies.- \Vhile these results were favor able, ..itr'is recommended 
. -i- that a number of primates 'and possibly"human volunteers be 

tested to verify our results. . . • 

, 4 . - d r i v e r r e a c t i o n t o i n a d v e r t e n t f i r i n g • 

• . • ' • . • • 
Several of our engineers have run tests, sitting behind a 
wheel mounted bag deployed at a vehicle speed of 40 mph, with 
no loss of contrcl or other problems. A broader range of sub-
jects experiencing this phenomena may be required.for a com-
plete story on vchicle controllability in the. event of inad-
vertent actuation. • ' 

6/13/63 . . . 



4 » 
I 

"u. S . DEPARTMENT OF" TRANSPORTATION 

NATIONAL HIGHWAY SAFETY BUREAU 

p,m, 

Room 4-A 
400 D Street, Southwest 

. - • Washington, D^ C. 
i 

Friday, July 19, 1968 

The meeting convened, pursuant to notice, at 2:05 

, Dr. William Haddon, presiding. 
* • 

PRESENT: 

AMERICAN MOTORS CORPORATION: 

Elmer W. Bernitt,"Vice President, Automotive 
Safety. & Quality Assurance . • ' 

- Jack E. Martens, 
Chief Automotive Safety Engineer • . 

CHRYSLER CORPORATION: 

R, C. Haeusler, 
Chief Engineer-Automotive Safety 

. W. M. Swan, 
Assistant Chief Engineer-Advanced 
Chassis Engineering 

..Robert 0.. Sorenson,. • 
Federal Safety Coordinator 

FORD MOTOR COMPANY: • . ' . 

John-C. Eckhold, Automotive Safety Director-
Product Develcpment Group" 

D r . John Versace, ." 
Executive Enaineer-Safety Research 

Richard Ed-wards, 
Executive Engineer-Advanced Product Design 

W.'.R." Smith, 
,Washington Office 

GEl^ERAL MOTORS CORPORATION-: 
" Robert F. McLean, Executive Engineer-

Development Engineerihc 
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PRESENT (CONTINUED) : 

EATON YALE & T0V7NE INC.: - • . ' . 

R. G. Brown, . . • ; 
Director of Research & Development 

D, P. Hass, 
• Chief Engineer-Product Commercialization 

Hal H. Newell, 
Washington Representative 

. L, A, Selin, . ' 
Vice President-Marketing & Engineering 

BUREAU STAFF: • ' 

Dr. Haddon 
Mr.. Niedernhofer 
Mr. 'Jacklin_ 
Mr.- O'Mahoney 

.•Mr. Smeltzer 
Mr. Carter 
Colonel Stapp 
Dr. Hollow.ay 
Mr. "Ferguson 
Miss Claybrook 

OTHERS: 

Mr. L. Patrick 
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2 . B 2 9. L 2 9. 9 . • - • 

DR. H A D D D N : .1 just Want to welcome you on behalf of 

•the Bureau and to recite a little bit of the past history of * » • • 

the meeting. . ' , , . . . • 

. A s some of you know, Eaton Yale & Towne, Incorporated 

came to us because it wanted.us to see, and we were interested 

in. seeing, the developments that it had been pushing. At the 

end'̂  of that meeting, we asked if there" were any ways in which 

we could be of assistance in pushing the further developments 

of this device, not specifically EatonYale accounts of this, 

but rather of the approach in general. 

Consequently, the iiaton .group — if I can call you 

that for short — stated it would like to. bring together some 

of the people that it was working with that might be interested 

in this so that the kinds of expressions of interest and dis-

cvLssion of technical problems that we had engaged in with them 

.when they first came to us might.be known firsthand to the 
» • . . * 

people who they in turn were, dealing with. 
• • 

• . • . • • 
• • 1 would like .to point out for the record that this 

meeting is being recorded. The transcript is being taken so 

that everything that is said here "today"will be available to 

anyone who wants to look at it. " 

I n short,this is not .really bur meeting as much as 

cur being responsive to a clearly felt need to assist those 

interested in highway safety. It .is really, in a sense. Eaten 



Yale &.Tpwfte's meeting, with us participating, together with 

the-rest of you*. • • ; . 

" I would like to say something also by v/ay of preface 

with-respect to our feeling with respect to the general ap-

proach..' V7e think that first of all, as I .personally put on 

record in 1961, that any approach which substitutes so-called 

"passi-ve methods.", that is those.that require no preparation 

on the part of anyone other than original release of the 

vehicle, that a passive approach is,generally speaking, almost 

invariably far superior to any one that requires cooperation 

of drivers, or pedestrians, no natter what their competence 

might be, : . • ' . " o ,-• ; . 

I note, for example, that one of the "niany problems 

we face with active devices relates to the fact people who 

have been drinking or who are distressed or otherwise pre-

occupied or impaired are largely- likely, as accident reports 
• • • . . _ ' -s 

• • • . • 

make very clear, not to avail themselves even of the devices 

they normally use. So, in short, we think the general.area 

of passive devices is the way to go whenever possible. 

Also, we- think with respect to the specific approach 
• ( . • 

although not necessarily the specific gadgets being discussed 

here — that the general approach of air bag restraint or, 1 

think they perhaps should be referred to as air pillows, which 

I think is a more meaningful term to be public, this general 

approach is extremely promising from many, many standpoints. 
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and is one to be furthered, if at all possible, 
% 

In fact,^as far as I am personally concerned, after 

cleaning up the side structure and head area and v/indshields, 

this is clearly, in my opinion, the highest priority that the 

industry and the Government and anyone.else concerned with 

highway safety should have,' 

From a -technical standpoint, as you know, this offers 

the possibility of maintaining an anatomical relationship in a 

crash in that there is no jack-knifing, or sudden folding at • -
, localized areas on-the body. . There is also, the advantage, 

of course, that this can be pre-set so that they will respond 

under given crash conditions^, or at .least so we hope. 

We are quite aware there are tough problems of re-

liability. They are brought, froma statistical standpoint, the-

alpha-and the beta areas, but we have every confidence that 

those represented here or elsewhere will be able to solve • ^ * 
these. . • 

So with this as- a preamble, I would like to .merely 

add that we are not certain that we can or should come out-of 
• • 

this meeting with any commitmentsbut regard it as an explor-

ation of use, we hope, to all of those concerned. 

. ' I would like to turn this over to Mr. Selin of Eaton 

Yale & Towne at this point, for any way you would"like to, in 

effect, run the meeting. 
MR, SELIN;. -I would like to suggest, perhaps, in ' 
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jjiunching this discussion, today .that we perhaps take about ten 

finutes to get on the same wave length and discuss the state of 

the art today, . • . ' = • " 

Much of this may be redundant, I appreciate that, but • ' • 

it, wili be real brief so we can all zero in on the type of a 

system in general. Because there might be many approaches .and 

I would hope you would look upon this as a general approach 

and there may be many ways of going. 

• Then, I think after that, brief period, v/e from Eaton 

Yale & Towne would like to "discuss the areas of concern to .us 

which are primarily in the human fac.tors end of it. I think 

since most of. you gentlemen here have a brief agenda of those 

four areas, then perhaps we can discuss this, and I would be 
• • • * • 

hopeful that all the rest of•you gentlemen may'have questions -

or other suggestions in any area ---.reliability, human factors, 

whatever. . . - ' - • • , . ../ ; 

So, with that, if I could call on Pete Hass, who is 

, also at Eaton Yale & Towne, to get us zeroed in on the state; 

MR. HASS: Maybe, just to get us all .up to date, we 

ought to go through, hopefully, a general description of the 
• ' i 

• system as it breaks down into components. 

(Speaking from prepared charts':) 

We are talking about —.since.it•is a passive system 

— we need a crash sensor,, which censors , a vehicle impact of 

predetermined crash intensity. That is, we are thinking in 
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terms these days of maybe seven or eight miles an] hour.;.; 

barrier crash and then, we call for the deployment of inflatable 

cushion. " • • 

We think "if we are talking about that sort of barrier 

crash, we are talking about signal to noise ratios; we like to 

use road noise or anything else that you might use as a noise 

screening of about 10-to-l, We think this gets up into the 

realm of high reliabliity. 

• • • Then we need an inflation energy source and, of 
* ' ' 

course, there are several of these and we simply label this as 

"package of solid or fluid material" which will be transformed 

to. gaseous state to inflate the main feature of the system to 

restrain the cushion or, maybe, pillow. I would hope today 

that we could get a better name for this system than "air bag." 

At any"rate, this would store well out of the way fo 

normal usage in the vehicle and inflate between the impact and 

the substantial'movement of the occupants in the seat. 

Now, the reason that we think this is a pretty good 

idea — and here we can bring some actual data into it — is 
because of this; - $ ' •• 

• • • - • • 

This is a system which consists of about a 2-l/2~cubi 

foot bag 

coming out of the steering wheel and about an eight— 

cubic foot bag on. the right passenger side. 

We. sold this thing based on,hopefully, honest pre-

sentation of. the data which is why we included the two severity 
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indexes of about 2200/1800 for a seat-belted child up front 

here, right front,- in the center front position, and alongside 
• • ' • . . . • . ' 

•of him was' a 95 percentile m^lew " • ".',."." •'.• • 

' • We" must apologize for.these by saying in'this parti-

cular bag configuration, the 95 percentile male dummy pulled, 

the cushion askew a little bit, so.that the child dummy just . 

saw a corner of the bag and it did not penetrate in the normal 

manner. . ' 

' " O v e r here, with him riding along and coupled with a. 

more normal size dummy, the severity indexes were done in good 

;• shape. Interestingly enough, he-was unbelted in a couple.-of 

thjese cases. " . •. - . 

".Now, we have got the unusual numbers out" of the way. 
• • • • . • 

We would point out that driver and right-front-seat passenger, 

virtually any passenger load combination in a 30-mile area im-

pact similation received severity indexes in the four to seven 
hundred range. We think this is a significant improvement over ^ ' * * • 

the more conventional restraint system. V ' - ' 

Our smattering of tests on live tissue, baboons, at 

the Holloman Air Force Base, repofted in last year's staff 

conference, a 57 peak which-solid hit. 5g square wave impact 

left this animal in very .good shape. He recovered in less than 

five seconds and the reason they did not go higher to get -the 

rating level was the limit of the sled. 

Dr. Snyder, in his report, reported that 40g's was 
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fatal in other restraint systems tested and the animal did the 

recovery, in very-, good shape. So we are encouraged that on human 
« 

testing the same sort of .results should follow-. Effectiveness-

wice, I think Dr. Haddon has pointed this out, .we hope for 

fairly great improvement. 
This is ah analysis of accident reports from Cornell * . • 

and Dr. Hockey, and is an indication, we think, of how much 

good might be done with the various restraint systems. Here we 

are talking if the total car population were equipped with the 

1968 standard system, we would expect' to reduce the fatalities 

by 14,000. . * • • . 

This would be in front-seat only systems, but if the 

air bag v/ere included in all passenger positions, when used 
• • * 

with the fixed lap belts, and v/e would talk about using the 

energy absorb column, also, we would expect we could double 

the number of savings to 2 8,000. - . - ^ 

This chart, previously we felt moved to talk about 
* • * • . 

injuries, we did not know how much"reduction we could get here 

but we could expect the reduction to be at least as dramatic . 

•as, those in the fatalities, because we were keeping the occu-

pant off the harder parts of the vehicle and in very good 
' • • - . • . * • 

shape with this system. 

Finally then, summarizing the advantages of this 

sort of a restraint, it gives a tremendously high level of 

protection; has some aesthetic benefits in storing pretty wall 
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• • . • . - • • • 
out of. sight;; it is automatically deployed in the passive 

system; the last obvious advantage, but one we think exists 

in fact, .that may. be the answer to handle the unrestrained • 

child, that is to leave him'unrestrained'and catch him in the 

bag which is there only in the event that- it is needed. 

So I think with maybe that standardization of what we 

are talking about, we can get into the problem areas that v/e 

seek. . • . 

MR. O'MAHONEY:'. Can you supply us v;ith a copy of 

that chart for the record? 

.'MR. HASS: Yes, we can. ' ' ' ' 
• * . • • 

. DR. IlADBON ; I'would like tî -Ê int., QuJt-that, there., is.-

some question as to your estimates on use of lap and shoulder 

straps, because these come out of crashes and if, for example, 

they v/ere 100 percent effective .which, of course, we know they 

are not, you would expect to see none of them-in crashes be-

cause those cases would not show up as.having injuries. 

So this is a bias' sort of information and uh:der-

statement o^ the true state of affairs. .1 do no-t question the 

general point you are making relates the exact numbers in the 

way you use them. 

MR. HASS: Right. .. 

. MR. SELIN: Reliability, is, of course, of prime 

concern with a system, of this type. Also it is an item that 

Eaton, in connection with our particular system, is working, on 
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i'n-house from the standpoint of entire manufacturing process, 

the sort of controls to assure ourselves that reliability will 

be at an-acceptable level. . . ' • / " . ^ •-•̂ •(̂ i-

•, But if .we could not treat vzith that, at least, for # • • ' ' " 

the moment unless somebody wishes to bring it up later, the 

thing that concerns us more than anything else is how to 

qualify a system of this type as outlined here with the title 

of ."human factor elements requiring additional testing." 

And, really, we have listed these from the viewpoint, 

actually, of how might v;e go about getting qualified acceptance 

;of these particular areas. - " . • 

Now, as you mentioned earlier, are there some areas,, 

within the Government that might be able to help us to qualify 

any. one of these. That is, som.ebody that would be considered 

acceptable to the industry. I think you can read this if you 
• 

want to deal with the first one first, which is entitled, "The 

effect of noise on the human .ear" — you can read this and 
• * " - , • 

maybe we can discuss what sort of tests should be run to get 

this sort of assurance .and established acceptance of the system 

at this time. j. . . . 

. DR. IIADDON: It seems to m.e on a quick look at this,..' 

that you have two kinds of situations here. You have a noise 

question, for example, which may or may not be'a necessary 

characteristic of a particular design. Whereas, you have 

others that involve things that will always cccur. They may 
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overlap, but thpy are at least somewhat apart as I read it. 

Is that fair? 

MR, SELIN: That is fair, . • • -

DR,: .HADDON: Have you any feeling, as to whether any 

particular energy level, noise level, if you will, is necessary: 

MR, SELIN:. Yes, v;e had." We conducted some tests 

of our own in this.area, and by -the opinions of certain data 

and certain experts, have led us to feel that perhaps we are 

in a satisfactory area. .But I do not know that this is in 

fact true. 

DR.. HADDON: This is the 150 db area that you mentioned. 

MR. SELIN: The 158, yes,- sir. : . 

Pete, maybe you v/euld like to cover briefly some of 

the testing we have done. • ~ . ' . 

First of all,.perhaps, treat the criteria that we 

have set up, right or wrong," that we feel the system abides by. 

•Right or wrong — I emphasize that point. And, secondly, some 
• - • ^ - . . 

of the things 'we have done in-house lately wi.th some of our own 

people^ ^ . • • • 

MR. HASS: I interpret your question is, perhaps, 

inquiring whether we had a minimum sound level as you would 
• • 

expect. Is that part of it? 

I think we would be of the opinion that it was cer-

tainly above the 135 db, that is usually stated as the safe 

limit.. v;e find that it is a function of the wave front caused 
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the inflating bag itself, rather than an explosive opening 

pcans for generation of the gas. Therefore, v;e think it_is. 

probably not reducible to belov; a generally accepted db level. 
^ n i 

In this regard, then, we have been monitoring the 

noise level o f the system, finding it to be slightly below the 

noise limits for impulse noise as set forth in the human 

I engineering lab report, which was based largely on gun fire 
1 • • •• ' • • ' 
J noise. . • 
t • • . • • 

^ Since we found that.we were, below, or at this limit, 

• ve found or decided that we could ask some of our people to 

;volunteer for exposure to this noise, and we have done so. _ 

Ke have run audiometer tests., before and after exposure 

Co this noise. We had one subject, admittedly with a pretty 

old set of ears, who had no temporal^ threshold shift after 

chis, and a young fellow who had a shift of 10 db, I believe, 

•t 500 and 1000 cycles, 1-1/2 mirfutes after the exposure. And 

-0 vas fully recovered 30 minutes after — the exact figures are 

db 1-1/2 minutes after the test' at 250 cycles in a second, 

Recovered the loss in 30 minutes. • " 
• • ' ) v • . . . 

We therefore judged the sound to be not comparable 

cuman hearing and would feel that^ this would be an indica-

that a greater number of tests were required for 

'"•^^istical significance without much concern as to damage. 

Dr. Haddon: I would like to point out that in-audiometer 

-sts you can get a 10 db shift with the same individual having 
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done either way^ up or down, having had nothing done to him in 

the meantime and to properly evaluate this you would need much 

pore sophisticated research" design ••by' people-'-'who '-'khow--'" 

liow to do biological testing and 'are-- quite savvy when it comes 

to statistical methods. 

Although this is interesting and-indicates you .do 
# r 

not blow out everything between his ears, it certainly does not 

answer the point one way or the other. 

MR. HASS: I think that is right, 

DR. HADDON: The question I would ask you then, and 

;the rest of.you here, is anyone at present evaluating this in 

terms of that kind of more sophisticated approach? 

MR^ HASS: Well, we thought this was" a requirement 

to get us into ~ -

DR. HADDON: I understand the pertinence for your 

doing it, but for the long-range, obviously, whatever energy 

levels are involved here, what durations were involved, one 

would, need a thoroughly competent analysis of. this. 
• ' -

MR.-HASS: That is right. - . . . --

DR. HADDON: So what I am throwing on the table, has 

anyone thought about, initiating, ^tudics of this sort? Is any-

one doing it, and what role should we play, if anything? 

MR. PATRICK: We are starting our program "of this 

type, in which we are using animals to start with, to determine 

whether there is any gross damage "by m.easuring the threshold 
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over a very wide spectruir. range, using pure tones, before.and 

after, and also examining the entire ear pathologically'. 

DR. HADDON: Does this involve animals that are 

trained to the equivalent of audiometer testing? 

MR. PATRICK: Yes. . ' 

DR. HADDON: So you condition them first? ; 

MR. PATRICK: Condition them first, and it is quite 

ah involved process,.it is one that has been established and 

used for other studies of threshold shift. \Je are just applying 

it to this particular problem. ' 

DR.' HADDON: • Are you going to be in a position to 

separate the effects of the bang, so to speak; from the pos-

sible decchditioning effects o'f rthe experience? 

- MR, PATRICK: This, we will have to s"ee-. I suspect 

we will. I don't expect any great problems. One thing that 

we can do is -:anestheti2e the animal so he will not realize or 

not know he has been subjected to it and run the test before 

•and after. . . ' ' • 

DR. HADDON: And run a blank group with just; the 

anesthetic? .• 

MR. PATWCK: Yes, but?controlled. 

DR. HADDON: Are you using primates? 

, MR, PATRICK: No; cats. 

DR. HADDON: So if your results come out negative, 

it will be important information; if they come out positive 

f • 
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will have to figure out another way to check it. 

MR. PATRICK; We will have to go further, yes, 
i 

DR. HADDON: Do yog have, some idea as to what your 

timetable is.on this? 

"MR. PATRICK: We should have the program pretty well 

completed by October. c ' 

DR. HADDON:' This October? ' . / 

MR. PATRICK: This October, yes. 

DR. HADDON: That includes this initial phase with 

cats that you are talking about? . . 
• * 

MR. .PATRICK: ...That is right; . 

DR. HADDON: Are you using Monte Carlo or similar 

methods as a way of knowing how.soon you can branch onto the"" 

next step, whatever it might be? . ....'_. 

MR. PATRICK: We had not really gone that far yet. 

DR. HADDON: It seems to me that-if. you use appro- -

•priate'research design, y.ou might be in a position" to. know 

before October what needs to be done and v/hich way you should 
go. 

'. ' MR. ̂ PATRICK: I expect we could. V/e will take that 

under consideration. 
' . . • • -• ' • • 

DR. HADDON: Do you have any plans for follovz-up 

beyond this? 
; . . . MR. PATRICK: Yes,. I suspect that after that we will 
. . . • • 

Start with some hum.cui volunteers. 
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• DR. IIADDON: So, Larry, are the numbers of experi- . 

mental subjects, cats or. otherwise, involved here, large enough 
« • 

so you have some confidence that the results will be suffi-

ciently representative to settle the question? 

MR. PATRICK: We are planning at that time on using 

a dozen animals; this will depend'on whether there is a marked 

shift or, not, whether we have confidence. .If there is only a 

very minor change, then it is more- representative than if we 

haye son''e very serious injuries. . . 

DR; HADPON: Are you giving the cats the sound wave 

.straight on. to the face? , " ' 

• • • MR. PATRICK: .Yes. With" the «ear in about the same 

position that the human ear would be. .. 
• * • • . 

• DR. HADDON: That is what I was getting' at. In 

other words, you are straightening the head so there is no 

question about having gotten them straight on-. ̂  

MR'. PATRICK: That is right. ' 
. . . . . - _ " . - . • •• • . " . . . . 

• DR. 'HADDON: Are you going to do runs which might 

correspond to re^al human world situations where the head would 

> e turned so ̂  that they, get it! straigkt-on? 
MR. PATRICK: We had not planned on "that. Again^ it 

r ' • 

is just a matter of how many runs it required. . . 

Now, we mignt use the same animals, if there is no 

major change, and v/e could go back and use the same anim.als at 

different angles. We v;ill do that. But until we find out there 
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i •••. • • • * " • • 
^ DR. IIADDON: Have you considered excluding one ear so 
i . . . . 

you can get an opportunity to go back with the same animal? 
¥ 
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MR. PATRICK: No; actually, v/hat we have done is 

taken out one'ear, . . 

DR. HADDON: As the control for the pathology? • 

MR. PATRICK: No; destroyed one ear. This is the way 

• the program was set up before and we are following the sam.e 

procedure. . " . 

DR. HADDON: Are you doing this so that you are • 

certain which side is involved? • . • . 

MR. PATRICK: That is right, . v;hich side..is involved. 

We are-also removing the external ear .so that it minimizes the 

directional effect. . • . " 

DR. HADDON: Larry, is other work along similar or 

related lines needed, or are you Agoing., to sufficiently, when 

this goes to completion, have covered the water front? 

•MR. PATRICK: Well, I suspect that we will find that 

probably we ought to have more animals so'.that sooner or later 

I v;ould think that better results would be had with much larger 

series. 

DR. HADDON: Is the problem one of your facilities, 

or. personnel, or your money? " . 

• MR. PATRICK: Money. 

DR. HADDON: 1 have approached a non-Government group 
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that is interested in highway safety to see v/hether they v/ould 

. j,e willing, to contribute to this field and the answer is yes, 

go we will be willing to talk later to see how much money you 

might need to push this, • . " 

MR.'PATRICK: Fine. • . ' . " 

DR. VERSACE: The CHAB/i" criterion could be actually 

a fairly conservative one. . ' • 

DR. HADDON: Would you identify for the record the 

CHABA. . ' . • • ' . • • ' . 

DR. VERSACE: This is the National Research Council 

Committee on Hearing, Acoustics and Biomechanics, 
• ' * " . 

It could be conservative because it is based lipon̂  a"̂  

steeper wave front, which ordinarily is experienced here. 

DR. HADDON: You:-said, which ordinarily is, but you 

meant which ordinarily is not experienced here. 

DR. VERSACE: That is right. In the air bag case, 

we do not have quite as steep a w.ave front as the wave fronts 

which are presumed to apply in the'CHABA criterion. 

The only problem is that the CHABA criterion-is 

based upon some presumed tolerance with healthy male Military 

people. What we do not know, have not the slightest idea 
• • • ' • 

about, is how this tolerance is.distributed in the population -

children, elderly people, females, and so forth." We do not. 

even know if we. are in the order of magnitude using the CHABA 

of being in the right ball park. 
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DR. HADDON: I am glad you brought that up, John, . 

because we are concerned about the same issue. 

How do you see their getting results? 

DR. VE'RSACE: Frankly, I.think you are going to need 

to do experiments with animals v/hich are much more human-like 

than cats, because I think you are going to have to take it to 

the level where actual destruction occurs so that you can find 

the threshold of tolerance. • • ' 

I do not believe any of us are too concerned about a 

temporary threshold shift, as such,, so much as we are to actual 

. damage.' . 

MR. PATRICK: .This is i^hat we are starting on just to 

find,.out whether there is any gross damage. We plan to inereas 

the severity by effectively decreasing the volum.e-, so that you 

have greater pressures and, eventually hope to — 

DR. HADDON: Is the damage in explosive situation by 

air conduction through-.the- canal.'.or:'.is:-it;-.primarilyvConduGtip.n 

through-; the-'facdal .bones? . " 

MR. PATRICK: This, we do not .knov;. . tte hope" to find 

Out. We are thinking of trying this by different means — 

destroying part of the ear, and if^we can continue on then and 

get other damage. Frankly, we' are just getting started. It 

is rather exploratory at this time. . • 

DR. HADDON: John, 'did you have anything else? 

DR. ITIRSACE: No. Another obvious perimeter of this 
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the magnitiide or steepness of wave front which is the crit-

•J I point. We don't know that either. 

^ DR. HADDON: Larry/ will your experiments distinguish 

i>ctween. the two? : 

... • MR. PATRICK: Not as presently planned. In other 

words, we will not deliberately yary the wave front, we will 
! 

take it as it comes. I.presume what you are referring to 

would be to design a method of varying the steepness of the 

front. • . 

DR. HADUON: I'wonder if we could ask Bob Carter or . 

John Stapp if they would care to comment. 

MR, STAPP: 1 was thinking of another* approach, one 
that.gets rid of the wave front, or af least omitting it. That • • ' * 

is to have two bags, one inside the other, the inner bag half 

the volume of the outer bag. You start inflating the outer 

bag somewhat slowly, and then Inflate the inner bag abruptly. 

It has the advantage of a backup bag. 

' . DR. HADDON: This has been discussed by various 

people on other occasions also. Another approach' that" "has been 

mentioned is to have the surplus bleeding, whatever, the gases, 

change the wave form from that standpoint. . . 

John, did you have anything else? 

MR. STAPP: V7e do need to know the thresholds of 

injuries and margins of safety, however, regardless. 

MR. CARTER: I think the point John'Versace m.ade is a 
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good one. Basically, we have a very limited amount of data. 

here, so we are. playing into an/area in which the wave front, 

varies, the actual spectrum of the noise "varies from our re-

search data. •.. 

When you have, a very limited amount of data you start 
'' * . . . 

seeking counsel on this, experts throughout the country, and . 

you will get a very, very divergence of opinion dn here. 

But,generally, our experience indicates that if we 

are not certain of our data,- we do not have enough data, then 

we think we have a problem more often than not,-we really do 

not have "a problem. This is just a general thing. 

~DR. HADDON:- You are saying the expert who is not 

really an expert on the issues, will play, a conservatiye role-. 

rather than reverse. 

MR. CARTER: . Every time. 

MR. PATRICK:, in any case, the overall injury to the 
* . • • . 

individual might.be far less even though he.loses part or all 

of his hearing than perhaps losing his life in the impact. 

.. 'DR. HADDpN: I think this is essentially the same 

argument that is.being used with respect to birth control pills 

there being a slight increase in ^ome things like thrombo-

phlebitis, but an increase which is totally trivial to the 

number of lives which would be lost in child birth. I do not 

mean to say v;e should have conceptions in automobiles, bat 

there is an analogy, '.v'e tend to the same opinion but it would 
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1)36 nice to get away with both. 

Anyone else? . . • • v. , • •. • . 
• • • 

. DR. VERSACE: I. just make the comr.\ent that we are 

often beguiled a little bit with the numbers involved. Don't 

forget the decibels factor is at 10. It is a very important 

fact. • . . . 

MR. STAPP: VJhat is the noise term to ratio? 

DR. HADDON: 20/30 milliseconds. 

MR. HASS: Yes. It.is up in the range of 20 or 30 

milliseconds. The fundamental frequency .is 50 rather than 

1000 received from the gunfire data. 
. *. 

We think we have got a different enough animal that 

has been tested. 

• DRi HADDON: Another approach, of courses which has 

been discussed elsewhere v/ould be. to have a bag structure which 

comes part-way back toward the occupants when the car is in 

motion; which is supplemented by an additionally moving bag oir 

other structure. Do'es the distance the bag has to move, make . 

a difference in the wave form? .' . 

MR, HASS: I do not know whether we can differentiate 

between the distance and the volume.' The length the bag 

extends itself is somewhat a function of its perimeter rather 

than the designed shape. Because the gas flow is such it tends 

to fill out the limit of its confines. There is not enough gas 

to spill into inflating, so it goes out as it were, a circular 
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[ bM. would go another half. . . . 

We have not found a great variation due to bag . 

shapes. We have run but we have not mea'sured the sound 

level on a porous bag, ' • . ' "" 

. • d r . HADDON: Have you measured the wave form in 

relation to the pressure inside the bag? 

My point is, I am thinking that the bag-could be 

brought to full inflation with a different — althouth it" 

would be related at the time "— with a different pressure 

so that the occupant began to ride into it, rather than 

by putting thi's energy in the bag early. In this way 

you might be able to change at least the performance. 

MR. HASS: Yes, I think really here is v;here we 

differ from the general conception of how the bag works. 

I think in a good many cases it is assumed the bag comes . 

out at a sufficient pressure and therefore locks you into " 

your seat. In pur system, we are essentially using a large, 

low-pressure bag,-very low, just a. few m.m. of water, perhaps 

a;t the time it is ready to go to work, and the occupant uses 

up some of the travel to develop sufficient pressure to stop 

it, - • • r- • 

DR. HADDON: But you could take an intermediate 

position, again, in which you got it back there with 

little energy and then continued building up the pressure 

inside of it as you rode into it, but after it stopped moving. 
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; _ MR.. HASS: Yes. It could be improved by the 

rate of gas inflow and the total quantity you put into 
• • • • • 

it. But I think it would be vjorse than this case. 

DR. IIADDONt Let me ask again, has anyone done 

a theoretical analysis of relationships between position 

pressure, time energy level, that sort of thing? 

MR, HASS: We have done some work as a.function 

of the — let us say. parameters — we. are interested in: • 

pressure^ since this was.a cold gas storage arrangement; 

valve area, which essentially is fill rate and the slower 

the fill rate,'the lower the noise level, but not to 

unquestionably safe levels, dropping'perhaps from 170 to • 

140 db. . • . 

MR. BROra: I might expand a little bit on • . 

what Pete stated.. We have done .a significant amount of 

work with different size bags and different inflations. 

And you can get some reduction in "the noise level by 

going to smaller bags and slower inflation times and, . 

therefore, there is some room for working within this" 

frame. . . 

The thing that must be kept in mind, there is a'time 

by which you must get the bag in front of the occupant, and you 

cannot - really go very far in reducing the size of the bag or -• 
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DR. IIADDON: But as .1 understand the answer thai was 

given here a minute ago, nobody as"far as has been stated so 

fair, has done a basic theoretical analysis. of the specifics of 
this situation to see what the possibilities are. 

• • ! 
MR. BROl'Ĥ : We have measured with .instrum.entation 

the pressure rise at various points throughout the bag. It is 

very difficult and rather questionable-. Vie have set up a com-

puter program of the inflation characteristics of the bag, and 

the dynamics of the vjhole thing. ' ,• 

We have learned .a significant amount from that.- I 

do not know that I can ansv.'er any .specific questions at this 

time but v;e do have a fair amount-of information. 

DR. IIADDOW: To be explicit, since som.e of us were • 

at'the GM show last week, the sort of thing I am talking about, 

the ride down and things similar," it derives strictly from • -
basic physics. 

MR. BRO'lvN: V?ell, we have done, you might say, the 

basic dynamics in the bag itself, the entire sequence•of .slip, 

impact of the body , and so on, after full inflation. The., parti-

cular question v/e are addressing ourselves to with regard to 

noise is before, really, the occupant strikes the bag. In 

other words, m.ost of this is finished before the dynamics of 

the vehicle is involved. •" ' : • 

So, therefore, the specific'computer programs related 



r 

!-

3 2 7 

i/-

i • 
t 

to the inflation of the bag are the most significant to this 
• • ' ' ' . . ' • • 

question. • • . . . • ' . . • 

MR. CARTER: We have the figure of 135 db quoted as 

being the tolerance' or non-injury limit. .1 would like to point 

out the. Havy'and Air-Force have a whole nuinber" of aircraft in 

which they.launch these things off carriers, many, many of them 

a day, and there is an area around the back of those aircraft 

in v;hich the sound pressure level exceeds 165 db. There are 

personnel in those areas. Now, they do have on muffs, but 

about the best you can get out of a muff is probably the 

neighborhood of 15 to 20 db continuation. 
« • . . . . * 

And then there is'^lso "some question, when you have 

that sound pressure level, really, how much continuation you 

get from the muffs — .. 

• DR. HADDON: If you are going to mention it, isn't it 

fair to m.entioh numbers of those personnel have been injured 

permanently? " • 

MR. CARTER: Yes, but only because"of the multiple 

exposure. The time .".iduration.of exposure is several seconds 

for every "launch,-and "a "ntimbCr-"of-aircraft: are'lAuhche'd" for" man 

days, and they are up there many, "many days before actually 

relieved from these exposures, . 
DR. HADDON: There-have been several recent reports 

of the sound levels in front of.rock and roll Lands, and so 
• , * 
forth, and that these are quite close to the ranges we are 
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talking about but for exposures that are millions of timos 
. • • ' / 

longer. . . . • 

Is there anything else we should discuss on the noise 

question? 
• . * ' * 

• HR. SELIN: V7ell, I have a question/ 1 guess, on the 

same subject. I do not knov; whether anybody can ansv/er it, 

but I v;ould like to find out how we might get it. ' 

Based on the very limited testing that Pete referred 

to, human testing with our own people, hov; is it reasonable or 

how would v;e determine if it is reasonable to subscribe to a 

human volunteer program? ; • 

Based on that, is it reasonable to get into that, in-

stead of working with animals and v;orking up that v;ay? 

Have we arrived at a point here where it is reason-

able .to ask.for this? And if if is, what is the best way to 

proceed? • • 

• . DR. HADDON: Let me ask Larry first. 

Larry, you are closer to this experimentally, 
. • . ' ' ' 

apparently, than anyone at the present." Do you feel you know 
• • ' * enough to be willing to try this out on human volunteers, 

s • 

considering these people have already done this a few times? 

. . • MR. PATRICK: We stood pretty close to it, but we 

have never actually been in the vehicle. I have been right 

next to the open window, and actually there is momentary pain 

"in the ear, but nothing that I think is real serious. 
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Frankly, I think we will.try some human experiments very soon. 

/ 

' MR. CARTER;. I do not see a problem in setting up a 

live test program on this thing-. More specifically, apparently 

it is a very easy thing to vary pressure in the gas cylinders. 
In terms of varying the pressure, you can vary the sound • • • . . * 

• pressure level so there is no reason'at all why you cannot 

start up with a thousand and build up to some .500 pounds, and 

it seems like a very simple straightforward program. 

I would, like to ask you, it is my understanding that 

we all were to discuss with someone in the organization close 
• ' • 

to you, the possibility of starting such tests.- Are you in 

the process of moving out- on that? • . 

MR, HASS: We are in the process of making contact. 

• MR. CARTER: But this is not a problem v/here you 
- • 

Start out and you are very concerned or very anxious about 

actually causing "permanent . damage". It is a real simple exper-

im.ental procedure to set up, because you do have the preroga-

; tive Ofvvarying the^-pressure in--the'gas-".cylindsrsy.a'.very,ii.-
'frfery'simple thing. - . 

• . . • 

DR. HADDON: I would like to point out from an 
• ' " - • - . • 

experimental design standpoint, you want to be very careful 

about learning effects. Your subjects should go through the 

•audiometer testing. repeatedly in the way experimental psychol-

ogists frequently stabilize- subject's before they submit them to 

the experimental procedure. So you should go," at least in my 

> 
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people that are extrcr.ely coiripetent in the laborj 

I ,ory expcriifent apea. It is sort of a mixture between the 

^ . 'cst pharmacalogical tasting and the sort of thing that some 
> * ' ' ' ' ' 

i ' af t^® people that test vaccines' get"intO/ r.c:r:..c f tL̂ r*.'/, 
i * . • ' ' ' • • ' 

' vhcre you" should have double blind experiments if at all pos-
i i ' • • . • • 
- I sibie. • • ; • . 
; i • ' . ' 
f ': * . 

In other words, the person doing the audiometry, for 

' example, should not know-v/hether the subject is before, after, 
I . • • • • 

or v;here he is in the Latin Square design, or whatever is used. 

Bob, do you agree? ' " • • 

. • MR. GARTER: Yes, sir. ' . -

MR, BTAPP; Before, undertaking human' experimentation, 

I would strongly recommend consulting with Dr..Henning von 

Gierke, head of the Biocoustics Branch of the 6570th Aerospace" 

i-feuical Labcratcies at V?righ€-Pattefson Air Force Base. He-

has a great deal of human experiment data on, roughly, similar 

topics, . . . '' ~ 

Second, he has a system of human volunteers avail-

able to work with if you would like fpr him to do- the exper-

iments . . . ". . • . . . 
• . • • • • 

MR> HASS: Yes', we have had some. correspondence with 

him. We sent.some sound traces d<^wn and, of course, it was 

very minimal data for him to commit him.seIf on are he did not do 

so. He did say that he felt for continuous exposure our people 

should v;ear ear muffs and indicated that, in my opinion, as 
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closely as he could withouf: saying it, that he felt it 

would be-not harmful, . . -

DR. IIADDON: It seems to me what we need is 

extremely careful work by someone v;ho is a recognized 

authority, whether at-Wayne State, or wherever, so that 

the issue can be settled once, and for all for any par-

ticular sound level. . " " . . 

DR. VERSACE: l'do not know if you are ever 

going to get direct evidence on this because I do not 

really think you will sample the .population properly 

until you include the children, infants, elderly, people 

with heart trouble, high blood pressure, and so forth. ' • 

After all, they constitute a,sizeable segment of the 

population riding around in automobiles. 

There are more ramifications to this than that, 

though, because the question is, when should a system 

like this Operate. . If we are trading off a ruptured ear 

drum for which might otherwise be "a fatality, that is 

one thing. -But if-we are going to trade a broken nose 

for what might be a. ruptured ear drum, that is very . ' 

different. I would, myself, accept a broken nose any . 

day -in preference to a broken ear druav. . 

-If a system like this is going to work — 

and it will have some level of hazards, but perhaps not 

too great — w h a t is the level at which this thing should 
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operate? 

DR. HADDON: This gets dov7n, of course, to the no|se 

and the characteristics of the surface and the contact. 

The isystein might be a success in Japan and not in 

the United States. . . • : 

MR. STAPP: I was thinking of the hazard of' trigger-

ing the safety device accidentally, with no exposure to other 

hazards. You lose your ear drum for nothing, then. ^ 

DR. HADDON: Can We leave the noise area for just a 

minute. We will be talking with Larry with respect to the 

possibility of additional support. • If there is anyone else here 

• that is pusing that particular aspect of the problem, I would 

be happy to put them in touch with the pecple that said they 

would probably put up some money on this. _ • 

Now, I would like to point out, incidentally, in 

passing, that under the legislation under v/hich we operate, 

if our own funds were to go into a device, it may be removed 

from propriety control subsequently. 

Personally, I think we are likely to get there fastesi 

if somebody could make a profit.on this, and would like ser-

iously to consider protecting that interest if it comes down 

to that, and also the interest of more competition. 

• . Bob, is that a correct interpretation, of the- law? 
" * . 

MR. ^iAHONEY: Yes, Doctor, I think so. There is a 

strong patent section, as you know, in our Act. Anything that 

we finance, pretty much the patent becomes public property. 

! • 
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There is a proprietary interest-in our portion of 

the device. We finance studies that perfect the patent, or 
• • • 

potential patent, rights, not patents, against future patent 

rights. • . . . - . • ; 

• iDR, HADDON: Mr. Selin, shall we go on, off.the 

noise issue? Have we covered the "effect of pressure impact" 

sufficiently? . ; 

. MR. SELIK: Well, I think 'I look upon two or three • 

here (See Agenda) as pretty much one and the same type problem. 

It just delineates the one from the other. And, briefly, it 

is the" problem of getting move data .related to primates.and 

human volunteers, with respect to impact pressure and the 

correlation of our objectives, let us say, 30-mile-an-hour' 

barrier crash. • 

The correlation, that is, of dummies to live tissue. 

And from my standpoint, there is a dandy. We do not know how 

to go about qualifying this. 

DR. HADDON: Is there-anyone closer to current dummy 

construction probl^s here to comment on that? 

Larry, do you see any major problem in that area? 
% 

• MR.- PATRICK: I would hope to run some data tests in 

the near future. At least we .will ge.t some idea of any scalpel 

i d ^ a g e . . . . 

DR; HADDON: Are you going to be able, in those tests 

to deal with the problem of sliding off of the sides and many 

i facts which are not those for which any. particular bag is 

\ 
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designed? Angular impacts, for example? 

i . • • • • 

• MR. PATRICK: We had not planned on the angular,'-

impacts as yet. As far as hitting the e'dge of the bag, \-!e 

have planned oh that but not from a brief impact. 

DR. HADDON: May I ask those who are close to this 

if there has b.een any consideration to. constructing bags in 

such. a.'v;ay that they offer more resistance at the sides, so 
» 

they would tend to drive people into the middle rather than 

• letting them slide off if there is an angular impact or if the 

seating position is unusual? 

MR.'MASS: Yes, I think we have designed such a bag. 

V7e also find that, again, on dummies (that we have been equip-

ping with the Glipperiescvdlothing; .wd.can;find) "that the. -. 

bag tends to hold them very much in place. This v/ould allow 

them to move again to the extent of this flexible perimeter. 

•But we think the prognosis is good. 

MR. SELIN: Well, we have;still got that ahead of us, 

one way or another.. . ' 

DR. HADDON.: Pardon me, , Can I ask you, Larry, is 

your problem there, money, also? 

•MR. PATRICK: Yes, at the'present time v/e have just 

r.oney for so many runs. 

DR. HADDON: And your source, presumably, is not 

touchable for more? . 

MR. PATRICK: I do hot know about that. 
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• • >DR. imDDON; I suspect you have more source of money 

than v/e do. • . / 

MR. PATRICK: We'suspect if it looks promising/ v;e 

could at least propose an extension. ' V . ' •"•. '.• •.• 

DR. VERSACE: VJith regard to the directions/ our ob-

servations have been the bag envelops the occupant very quickly 
• « • 

I do not think the. direction is a real serious consideration. 

DR. IIADDON: Are you saying/ even if he were to be 

so positioned that he hit at the interface of the inflated 

bag and, say, the door on the side, right side, for example, 

that he v;ould'not tend to ride it back? 

DR. VERSACE: We have not conducted any tests on 

angular impacts. This- i's on obsefva.tion of the pattern of 

the bag. That if the structure were angular rather than 

'directly toward the instrument panel, it looks like the bag 

would do a good job of containing, 

DR. HADDON: Can we ask another question. 

Do those of you who are doing an analysis and working 

on this, see a possibility of completely eliminating lap belts 

or are you talking about lap belts, but not shoulder? Just 
what do you have in .mind? • . . . . 

. . . s • 

• MR.- BROV/N: Do you want me to take that one? 

• At the moment, we think it would have the potential 

of replacing the shoulder harness; that it would have signifi-

cant advantage in those situations where people had.lap belts. 
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A but did not have them fastened. ' • / 

• • ̂ n the other hand, we would not at this point in 

time, at least, in the work we have done' to date, recoiTur.end 

elimination of the lap belts, because of the restraint that 

they give in iroll-over and collisions, other than head on or 

angular. • 

DR. HADDON: Any other comments on that one? 

I would like to say, from our standpoint, while we 

were very impressed with-the reduction in death and injury "you 

can'get in the lap and shoulder h^tness, v;e recognize that not 

everybody cares for the shoulder harness, in particular, and as 

"a" "result and because of the fact in" practical matter, these 

are not always designed to be particularly comfortable. They 

have to be designed for people of different heights and v/eights 

• and so forth, that we would be very, very delighted indeed to 

see any such a substitute for the shoulder harness, even if we 

still have to stay with the lap belt. 

That would, of coursemodify standards accordingly. 

MR. PATRICK: In many cases, it would-still be very 

beneficial tojhaye the air bag,"even without the lap belt, for » 
those who do not care to wear the lap. belts, and the majority 

of the cases where we don't have roll-over and so forth, it • • 

would still be of benefit. 

MR. HASS: I second that motion. V7e have run a 

limited number of tests without belts and found severity, indexes 
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quite comparable without belts to the occupants. And, in 

fact, the child dummy, in a normal sitting position, does much 

better if he i? unrestrained. He gets, the benefit of being 

engulfed by the bag. ^ • ' . .. .'•. 

DR. HADDON: On this point, you might be interested 

that v/e have asked the Cornell people, .actually a year and a 

half ago, to give us a simple plot, a diagram, looking forv/ard 

from the inside of the car, the instrument panel, v;indshield, 

head area, doors, plotting the known points of fatal impact 

involving children. • 

And from what v;e have seen so far — they showed this 

a few vjeeks ago — from, a direct head-on situation, children 

almo.st never impact fatally on the windshield or the lower end 

of it, or on the pillars or on the header. It is" almost ex-
• . ' * 

clusively a band across the instrument panel, which reminds me 

of the child impact area we were talking about a while back. 

For this reason, a bag or, for that matter, substan-

tial improvement in padding in this area should go a long way 
• • . toward eliminating -that particular problem. 

One of the interesting flandings was on the glove 

i "compartment door itself,.as opposed to around .its periphery. 
1 • • •* • 

I Yhere is almost no case. This suggests that the door, was 

; acting as an energy absorber in giving protection. So"the 
m 

new instrument panels ought to pretty much wrap that .up.. 
i • . . . . • -• 

Whatever you can get out of this. " • 
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Anything else on the dummy and belt area? 

MR» SELIN: The last item here is the inadvertent 
f 

firing problem, on v?hich we have run a npiber of tests ourselves 

vith our project engineers and technicians and, of course, this 

is the case where you would have the steering wheel.bag instal-

lation. • " • 

These have all gone off very well; again, they are 

with engineering people and'they can--appreciate the problem 

a little, bit better, and I think we have to get into a wider 

range of subjects, the expression sometimes used — you- have, 

got to" try the little old lady" from Pasadena and a few others. 

So this, for the record, is -something .that has to be 

expanded upon. It is a matter of selecting, working on a pro-

gram of subject people. "• ' . . • " • ' ' . 

• . ' I think, similarly, you might say at the'GM Safety 

Seminar when they put that girl in the spin there, the skid 

position. • • •' • 

DR. HADDON: You want to be careful about-putting 

girls in skid positions. - • 
• • • * 

• MR. SELIN:. Yes, but put her under this-environment. 

DR. HADDON: Are there-any general thoughts about re-

dundancy. Of triggering devices, on their location, on their re-

'' • • • 
liability, anything of this sort? 

- .. • - " 
.MR. MC LEAH: I think in the Eaton Yale & Towne 

presentation, a very important fact was mentioned rather quickl\ 
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1 .-which I would like to re-eitiphasize, ! / 

As'I understand it, their work with what I believe is .1. • 

i . : 

• i I • . -
•.V I rtood instrumentation has indicated that passenger car acceler-
> 5 . • . . 

? ation environment has stringent operations! characteristics. 

i For instance, driving down the road 40 miles an hour and into 

chuck holes, driving over railroad ties at 40 and 45 miles an 

; hour, laying bare on the- roadway, slamming the door's and hood 

so hard they literally fall off, and I guess they can fall off 

.'if you slam them hard enough. • 

•DR. IIADDON: These are other peoples' products. . 

MR. MC LEAN: All products will show this character-

istic if you slam them hard enough-, I am sure. . There is a 

limit. • . . . . • . 

So these give us, according to the bare data, a band 

of acceleration experience which, as Mr. Hass indicated, appear 

to be about one-tenth of the type of seismic accelerator de-

taction that they are using. About one-tenth that of that 

signal which is designed as a valid crash signal and. he m.en- -

tioned rather quickly the signal of noise ratio-.- of 10-to-l. 
« 

. 1 bring this out now because"I think it is of vast 

importance — a normal acceleration experience of the automo-

- bile driving through a deep pothole at 40 miles an hour,, which 

- can happen to anyone at any tim.e. 

We got an impulse, •:to-car structure,! Which .was-near -

a'ratio of 2-to-3',- or something "like-that. . Anywhere-near the 
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actual crash tliat seems to coir.e through/ I would say we have 
• ! • •• • i 

I an "^excellent chance •of.-bui-lding,-a system^which. v;puld be/:<fpr ;-l 

practical purposes; .ihighly:reliablevand-.reasonably free:fromr t 

inadvertent"actuation. 

To ir.e, the most important factor that encourages us 

to go after a practical installation is exactly this fact.' We 

also are encouraged by some of the installation aspects, which 

indicate that rather practical areas, such as the fire v/all,. 

•might be used for acceleration crash censor. And this gives 

us a possibility for a practical situation with short connector 

energy source, air bag and censor reasonably closely"connected, 

.which may result in good maintainability and good reliability 
* • • 

and what all adds up to operation suitability. 

DR. HADDON: I agree from our standp.oint with every-

thing that you said. • 

MR. MC LEAN: I should like to say further that at 

General Motors, of course, one of our first program objectives 

was to replicate with a wide range of our own products, the 

basic findings iis to the acceleration characteristics in a 

crash versus even stringent regular car operation and, hope-
• • • . : ^ f 

fully, 1 think we should not leave the truck out of this. It 

has not been specifically mentioned, but I think we should 

consider it for this type of installation, both the passenger 

cars and trucks. . • ' " 

DR. HADDON: V/ould it be clear to say the question 
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should not be crash per se but forces at the sensing location? 

jt is entirely possible in extreme operational situations,, you 

n i g h t v;ant such a device to inflate eveiT tliough a crash, 

stictly speaking, does not occur. • . .i-
• • * * • 

I think this signal of noise ratio looks 'like a"""" 

different' ' . " j 

MR. SELIN: .1 think not. -

DR. HADDON: Let me rephrase it. 

I think it casts the question of whether this only 

goes"off in a crash, in a different light. I did not think 

that should be the criterion. .1 think it should be, really, 

the factor of crises in a particular location. 

^ In other words, for example, if you go into a pothole 

six feet deep, you might not call it a crash, but_you probably 

need the bag. ' • ' ' • 

MR. SELIN: And ybu should register. 

. - MR. FERGUSON: Perhaps one way to answer that questic 

would be to note the basic design of their censor is such that 

while they have a 10-to-l ratio now," as Mr. McLean pointed out, 

it would be a verj', very simple- design, to make' it 20-to-l, 

5-to-l; whatever you want to, ^ . . 

The nature of the design is such it can be adjusted 

anyway. . ' 

DR. IIADDON: Is there any thinking that, there'Should 

be .a.-se.nsor set at• two.-.or-more different^ levels,'corresponding • 

" . • ' 
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to either inflation rates or different likelihoods of 

inflation. 

For example, if you want to make a quicker and harder 

ride down in a very high "g" crash, than in the one which was 

very low, and the trade-off in terms of driver's loSs of ears, 

and so forth, might be. different also, you might v/ant to have 

, such a split approach. . . ' . . 

MR. MC LEAN: I would say,' sir, from what I know of 

the system installations possibilities, should it appear "as 

developments continue and experience with this type of system 

is gained, such things as you are mentioning would be possible. 

7^11 of them, I think, would add more complication and-somewhat 

more cost to the system, but they are certainly in the realm 

of the state of art as .they are nov;. 

DR..HADDON: So you would prefer to"go in the simple 

direction — . . . . • ' •• • • . 

•MR. MC LEAN: I think in the case of this whole 

system, we are learning to fly, yes. I think we v;ant to start 

with the rather basic simple.system, very high in reliability, 

and get actual field experience•and th^n exploit the'apparent 

possibilities for further development of the system as time 

goes by. 
• . * 

MR. FERGUSON: Perhaps another thing inherent to the 

design of the sensor is the diagram system where the bag and 

inflating time should be the same,- regardless. However, the 
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1 
sfensor is designed so that the niore severe the crashi the j 

quicker it will trigger or, expressed another way, the more 

severe the crash the quicker the- bag vrill contain the individua 

even though inflation is sometimes the same. 
•* " » ' * * 

DR. HADDON: To a practically.significant extent, or 

different? " ' " • : . • 

MR. FERGUSON: I couldn't"say. 

DR. HADDON: You are talking about a pin m.oving a 

very small distance under a given load. It seems to me the 

timing or difference with that approach, at least, .would be 

pretty trivial.. • . 
• . • " • * 

MR. FERGUSON: It would, be a matter of ten milli- ' 

seconds. 

MR. HASS: We want our various customers to develop 

the necessary criteria to design the sensofj hopefully the 

barrier crash and also one which involves a.pole, impact well 

.out in front of the barrier so that the car envelops it and, 

depending on when you v/ant to start., tim.e zero, if that is the 

impact with either of these, in the pole impact at about 20 

miles an hour, there may be a 90, as mUch as a 90, millisecond 

delay before the bag is deployed. 
i • • 

The sensor, however, responds to the rate of energy 

• extraction, and is therefojre able to deploy the bag prior to 

the occupants substantially-leaving his seat in either case, 

either kind of crash, with constant bag inflation times. 
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i: think I would say further on tailoring the infla-

• ' • • I 
t i o n time or rate of the bag, that we have been pleased with 

! ' i • 

the tolerance that a system using these sensors or bags has 

given us. . ., .• ' - ' . • 

Now, we have run low-speed stuff in which-v/e have 

used our dummy, and all' of our work v;ith customers has been at 

30 miles an hour. Within that range of species we have gotten 

vety narrow bands of decelerations oh all size dummies. So we 

think the basic fundamental system has a lot of tolerance for 

these. . • ' " . • • . . 
MR, .SELIN: I think this sums up the concern and the 

human factor area that concerns us, .and I appreciate the oppor-
tunity to have this open discussion on this subject. 

• • ^ . 

At this point," I.will leave it wide open and discuss 

.anything in this general area. . ~ 

DR. HADDON: Who is"the first? 

. .MR. SWAN: Perhaps I should" have brought this up when 

we were discussing two or three (See Agenda) but perhaps we hav( 

not touched quite enough on the one area that we"have been con-

cerned with. I know I cannot.answer you as to-whether to give 

you more —• that is, these bags presumably deploy into the 
j. * " • 

unoccupied areas of the car. Tha't is the idea, they go where tl 

passenger is not and then when he moves to that area, they arc * • • ^ * 
.all set. 

What happens if those areas happen to be occupied? 
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particularly by his arms, for example, which either cause con-

siderable injury to himself or to other passengers? 

There'.are numbers that indicate that these things are 

working in the range of five or ten thousand horsepower while 

they are working and they do not v;ork there very long. But 

that is a lot of power to" apply for a five- or-ten-pound object 

and then hurdle it at a human being. . I think this is one of 

the most difficult to get at in terms of correlation v/ith 

dummies. The averages are not too good for it and perhaps this 

is one of the most difficult experiments to get volunteers to 

participate in also. . • • 

MR. STAPP: VJhat is the largest number and volume of 
• • . . ' 

these bags you have blown up at the same time with the exposed 

departments of the car,, and is there any summation of the noise 

effect? • . 

MR. HASS: Taking them one. at a time, the largest 

cubic-foot average per car has been probably close to 18 cubic 

feet in a small size car. 

DR. hXDDON: That is the*seat, is it? 

MR. HASS: This v/ould .be front and .rear. 

MR. STAPP: What proportion of the volume of. the car 

is that? . . 
• . • . . • • 

• MR. SV7AN: It is about 200 cubic feet, in that order. * ' • * ' 

DR.- HAD DON: Are you talking about the overall pres-

sure^ increase in the car? 
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MR. HASS; Directly/ that has been as high as in the 

range of three-quarters psl and maybe one and a quarter! 
I • . . » 

MR. STAPP: Less than sonic boom? • ' •• •.• .-

MR, HASS: Yes. • ' . \ v " • . ".: " 

MR. SV7AN: VJe have also measured over one phii 

MR. IIASS: So if you live next, to- an airport, this 

should give no problem. . • ' . 

MR MASS: I think part of this problem has been con-

cerned v/ithout sufficient experimental means to measure the 

impact pressure on the chest. Here your experimental infor-

•mation breaks dov/n. The bag weight is a pound or less and the 

gas charge perhaps a pound. You can estim.ate from the film 

the speed at which this jelly-like gas impinges the chest. 

And you can, as a function of whatever you like to 

call it, develop some pressures for forced consideration. I 

think these are a matter of concern- v;ith the. dummies, of course 

MR. STAPP: If the bag is covered with sand, could 

that blow out fast enough to damage the cyes?-

MR. HASS: If it were covered with sand. If'is no 

"greater than 90 or 100 miles an hour for a very short time. 

DR. IIADDOM: Vie are talkiAg aibout the same range as 

a baseball coir-ing off the pitcher's m.ound but not v/ith the 

same math consideration. • 

• MR. BROV?M: I might address myself to the question 

as.ked by Mr. Swan, .V7e have done a lot of testing with people 
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Up against the target of inflation,' to'determine v/hat would 

happen in that situation, And we find that it is reasonable. 

that it does not throw the object back as drastically as you 

might think.. It has acceleration backv/ard and is something'to 

be concerned v;ith, and does heed testing. But it does not 

appear to be a serious problem. 

Another point I would .like to meike, in the true 

crash situation this is not anyv/here near the sam.e problem be-

cause the deceleration of the bag, you might say, is inflating 

out. The object is applying its forces against the bag, so 

^that in fact,it does not get thrown backward, but rather it is 

decelerated with the .vehicle.' .. 

So that the deceleration rate then is what you are 

after, and this is what is accomplished. -

The child up against the dash during inflation is in 
e • 

a sense held against the inflation in the ride down. 

DR. HADDON: You are talking from the standpoint of 

instantaneous accidents only. 

MR.' BRÔ 'TN: That is right. . - . , . 

DR. HADDON: let me make another point here that, may 

amuse some of you.. I think you pould make a strong case that • 

a complement to such devices is- something v/hich stops the head 

as. .a head restrainer, for exam.ple, from extending backward and 

if certain places are going to be used, the presence of head 

restraints going up to comparable percentile values as those 
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recently discusscd and covered by standards, is a desirable 

feature over whatever other problems they might impose because 

« 

at least in the normal-position this will give the person ade-

quate restraint all the way up his back, including his head. 

-,. : . This should be kept in mind. ' • • 

MR. Me found, actually, even the three-year-

old- dummy has enough enertia that the bag must billow out 

around him and by inflation pressure rather than impact pres-

sure. So that "g" forces on that dummy are very small, less 

than the landing portion in the feet. . 

MR. MC LEAl-I: The important aspect here, then, is 

that the presence of tlie person, or possibly a significant 
« • ' , 

part of a person's anatomy against the bag at the moment of . 

beginning of the inflation, m.aterially changes the nature and 

the rate of the inflation process, does it not? • 

MR. HASS: No. * • • 

M R . MC LEWI: Let us eliminate the word "rate." There 

are-changes-.in the-nature--of the inflation. . You-.talk-about a 
developing characteristic v/hich we do not see at all when the 

* . • • * ' 

bag inflates. This appears to be to the advantage of the-

. person or the part of the-body whfch is against it. 

MR. HASS: I think it. would be possible to hold the 

bag against the instrument panel. . • 

MR, MC LEAN: I think it has got to qhange the rate, 

too, because it in added math, but we won't go into that. It 
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may no,t significantly change' it. . • • • 

DR. HADDON: Can w.e ask if anyone has feelings on 

v;hat the structure on the bottom should have as characteristics 

itself presumably under some loading conditions, including 

perhaps with the person far forward, v;homight be bottoming out? 

.MR. MC LEAN: In our work with Eaton Yale & Towne so 

• • . f 
far, we have postulated'a basic .condition that we wish the 

installer of the bag restraint system to not materially alter 

any other energy absorption characteristic of the automobile 

structure. 

For instance,if it is installed in the right-hand 

instrument panel area, we would expect that whatever energy 

absorption characteristj-c or crush characteristic, if ycu will, 
*' . • ' - • 

that the panel had basically, let us say based-upon 1969 or so 

stanJlards, that this characteristic would not be essentially 

altered by the presence.of the air,cushion or-air pillow system 

Our initial configuration studies would indicate that 
* * 

such installations appear to be possible. V>'e have not proved 

this yet. • • • . . 
• * ^ ' , 

Therefore, if you did not have bag inflation, or if 

you decided to inflate the bag only at rather a high car 
.' • • • 

velocity, you still would have under panic brake conditions or 

bumper-to-bumper impact, at five miles an hour, at seven miles 

an hour, the full availability of instrvur.ental panel crush. 

DR. HADCON: That is pre.cisely o u r . view of the 
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requirements. " 
• - * . 

Any other discussion on that point? . - • • 
• • 

M R . BROV?N: I might make one comment and that is, it 

is very feasible to do this. Our work would suggest this can 

be accomplished. ' • .v-- -

DR. HADDON: Aire there any other areas anyone w o u l d 

like to cover? . 

1 would live to cover two, if I may. • 

First of all, we regard this device as so promising, 

this approach rather, that v/e would like to have serious con-

sideration given in the development'work that is going on,- to 

the possibility of retrofit, if not in all vehicles, at least 

in some'*vehicles, and of course we appreciate the problems of 

installation, the problems of costs, the high variability of 

the kind of vehicles that they might be installed in, the 

different configurations of the instrviment panel areas, might 

not lend themselves to this and at the same time it strikes us 

as quite likely here we have the opportunity for major break-

. throughs which otherwise might not be achieved uptil the phasinc 
• * . . 

out' of all older vehicles after introduction on new equipment. 

So we hope a good deal 'of attention will be given to 

this and we also wonder along several o'ther lines, v/hether, for 

example, installations in the glove compartment or thereabouts 

of existing cars might not be considered since this would be 

a place to stash the equipment close to the fire wall in all 
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possibility. " . " . / 

We v;onder also v;hether companies might not review 

their own past production to see whether such an installation 

could be made on their own prior products. 

Would anyone car to comment on this? 

• MR. BROVm: 1 v;ill make one comment only, and that 

is that we have given this a lot of thought along the way and 
• . • 

would v/ant to work in that direction and think a fair amount 

could.be done.' But v/e have not directed at that. Most of our 

work, has been directed at original equipment manufacturers 

originally. ' • • . 

DR.-HADDON: The payoff of an effective system on the 

short-term is primarily in the.old.equipment rather than the 

new; there is potential, payoff, ' 

MR. MC LEAN: . I would j.ust like to say our present 

configuration studies allows, us to visualize'such a stage. 

We can visualize such a thing. If- it goes into the glove com-

partment area, ifprobaiDly will-cost you other use of your 

glove compartment. 

DR. EADDON: That .is understood." 

I do not intend this discussion in any way binding or 

indicative of our attempt. Thisjalso raises the question of 

how one might get these things in actual use sufficiently to 

"determine their real world characteristics after the prelim-

inary testing might have been gone through but before anyone 
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would feel' sufficiently competent to substitute these across 

the board ior other restraint systems. " ' . 

Does anybody want to take that one? . . 

MR. BROWN: I will make one attempt at that. 

••• Pending the outcome of the sound work.the-human 

factor work with regard to the spund, and the difference be-

tween dummies and human.volunteers, once you are through that 

threshold, it would be entirely feasible to put systems on• 

fleets and start to get real'world experience. 

DR. HADDON: I might add, from our standpoint, this 

• strikes us as a situation and a much m.ore clear situation than 
« • • • 

any we have had in the past, of where, we should pay extremely 

careful attention to avoiding a forced introduction of an 

approach before it has.been completely evaluated. Yet the . 

fleet opportunity you mentioned is one possible approach and 

there are a number of others, . ' 

MR. ECKHOLD: Dr. Haddon, the fleet may be an answer. 
* • • . 

. * * * * ' * -

Because before all of the testing is completed and the re-

liability is thoroughly established,.making these available, 

of course, presents tremendous legal implications, product 

liability, am.ong others. ^ 

You know, this is part of the problem that I think 

ail of the manufacturers who have been working.with this havej 

of thoroughly established reliability as well as solving human 

factors. 
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. . 'DR. HADDON: Well, there are plenty of precedents iA 
. • ' * 

pharmaceutical, food and drug areas, perhaps some otheriLf nev; 

devices being introduced strictly on the experimental basis-

with the understanding by the parties on all sides that this 

was the case. 

• ' MR. ECKHOLD: I think that is why the fleet" approach 

might be.the answer to this. 

DR. HADDON: I would like to ask Bob O'Mahoney from 

the Federal Highv/ay Administration Legal Staff — and I have 

not. tried this out on you previously, Bob — what do you see 

the legal problems in terms of our- authority to be either . 

permissive or otherwise," in connection with an experimental in^ 

troduction, for example, on fleets, the problems including th<a5'<2. 
* • • * • 

related to allowing other standards to be relaxed, for this 

purpose? •. • • ' 1 

MR. O'MAHONEY: Well, ^there would be problems. • I dc 

not think they are insurmountable legal problems. I think ycu 

v;ould want to allow deviation from'-existing standards for this 

purpose only if it'is absolutely essential. ^ ... ; 

I suppose that the legal standing on that, if that 

b e c ^ e necessary,' would be set up. in the category of "Vehicle;.'" 

and call them "Experimental Vehicles", and have a different 

type of vehicle. We have talked about that anyway. Have a 

little different set of rules^ for them and there wouldn't be a>i/ 

problems. I don't think any of them would be insurmountable. 



•j. 

• * ' • ' 
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• • . DR. HADUON: You do not see any need for any change 

• ., • • . 
in present statutory authority in order to be able to accom-

• * ' ' ' ' * 

plish something of this sort?/ 

MR. O'l-UiHONEY: Not in the general v?ay you have out-

'lined .it, Bill. 'I think if we got the specifics, v;e..would . -•.n 

probably discover problems that do not occur to us right now. 
* ' . * • ' 

One of those problems might be this permissiveness Mr. Eckhold 
spoke of, product liability. There 

is also the problem of 

Government liability, for claims against the Government,- so 

situations might create problems, ' . . 

I wouldn't say none exists. ; ' -

I would like to mention another problem that occurs 

to me, and ask a question after I have stated the problem. 

I notice that in the list of people who-are invited 

to attend this seminar, which I v/ill call it for want of a 

better word, we have no manufacturers from outside of the 

United States. And, of course, we have a transcript of "this 

and a record arid I think we will want to inform foreign repre-

sentatives of those companies. They may want, -and perhaps- iri 

fairness they should have, the same opportunity American manu-

. facturers have had to discuss these problems with the Eaton Yalt 

Towne people. 

. But I wonder, has there been any work in the area 

of small cars, the principal product of those manufacturers, . 

v;ith this sort of device? , . 



\ . 

60 

• D R . HADDON: Before that is answered, I do not/know • 

when you came into the meeting, but I believe I made it clear 

earlier that the purpose of the transcript of this hearing, 

V7hich we regard directly as solicited by Eaton Yale & Towne, 

.was to make the record, available to anyone v/ho was interested 

• and perhaps we should go out of our way to give equal treatmen-f" 

everywhere. • • . • ' ' • ! • 

MR. O'MAIIONEY: I understand that. But I just thir.r, 

for-one thing, if we tell these people what happened before 

they read it in "Automotive News", that v;ould help them some. 

DR. IIADDON: I think your suggestion is well taken 

and I think there, would be no objection from anyone here". 

M R . O'MAHONEY: As I say, they might" want to discus,5 
• ' • • . . . • ^ • 

it. In fact, I am sure you want to discuss it with them. 

But the second question .is still there. . 

MR. BRO v̂N: Your question is with regard to, h ave vue. 

done any work with cars, say, maybe in Europe? 

MR. O'MAHONEY: Small'er cars. 

M R . BROV.IJ: Yes, we have. V7e have made• installati-cJVi 

we have crashed small cars, and it is our intention to ccm-î tt'x̂ — • * . • , . 

icate this throughout, just as you suggested. 

MR. EQIHOLD: There arc two other aspects to that. 

One, there has been some work done in Japan and there are s o i e 

Japanese and American patents of certain devices. I do net 

know to what extent it is actully translated to hardware. O f 
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co.urse^ some of our testing, is. done on. Mustang-size cars with 

i • 

the interior v;hich approximates many of the. smaller cars. ^ 

DR. HADDON: You do not have insurmountable pressure 

problems,- I" take it? 

MR. ECKHOLD: Of course, we blew windows out. Of 

course, we still do not knox-/ x-zhat effect it has on actual" 

living human beings. ' _ ' ' • ' • 

DR. HADDON; The legal coiiunent a moment ago reminded 

me of the Secretary's comment of a fev; weeks ago, stated "in 

some exasperation, that he needed a one-handed 'lav/yer because 

he kept hearing that on the one hand, you could do this and on 

the other hand, you could do that. - <> • ' . 

MR. O'MxAHONEY: I have got one head. 

DR. HADDON: You are singular at both., ends. 

MR. ECKHOLD: Of course/going back to that discus-

sion, Mr. O'Hahoney, one side.of the Government, to some extent 

the Government side, and we, of course, — the other side — 

face litigation in case of malfunction, and we are as I said, 

deeply concerned pver the malfunction aspect. 

DR. HADDON: But to some extent, it seems to us that 

the definition of malfunction should be covered in any event, 

including standards in this area, in that the sensor device to 

some, extent is the operational definer of v/hether appropriate 

forces had reached the location, I suppose xvhat I am implying 

is that we would far rather, from our standpoint, in terms of 
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lives saved/ so to speak, see a situation in which we got 95-
i 
I 

percent effective use out of this,as compared with belts at 

35 percent, and at a much better payoff. -

So it seems to me as practical" pejople we ought to 

get the best of all possible worlds, whatever that might be, 

MR. ECKHOLD: I completely agree with that. It 

implies there is a more serious problem that we have to get 

around. • • 

DR. HADDON: I think,.incidentally, the malfunction 

-problem, if I read this area correctly, is likely to be more 

of a problem, with the borderline impact than with the m.assive 

impact; is that fair? • ° ." _ ." 

' t ' • 
And you have more of a problem v;ith reliability be-

4 ' „ 

cause of the scattering of the triggering of your device, just 

about at the range at which you have set it.for, rather than 

at a much higher -impact. 

MR. HASS: Yes", at 4.99- impact. 

MR. IIADDON: Or maybe 5.1, because of the production. 

MR. pROWJ: Whereas, there is a band within which. 

there might be some question whether the sensing would trigger 
< • 

it. You have a tolerance on that. But you have probably an 

even .greater tolerance on what is an accident. You have a 

post-accident, a quartering accident, andeach has a different 

characteristic curve. So, therefore, stating miles per hour 

at impact would not be very meaningful. 
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•• . (DR. HADDON: NO; we v/ould like to see an eventual 

definition of this, in terms of the device and with the trigo-

nometry.of the situation taken into account where it was not • 

head-on. . • 

MR. FERGUSON: I have one question that keeps bother-• ' * 

ing me here. .You stated that you are learning to-fly, and you 

talked reliability. V7hat does the temperature environment" do 

to.this thing? • 

For instance, you have a possible environment to 

probably 120 mf. What does this do to you? Does it have any 

basic effect on the reliability? Does it have any basic effect 

on the inflation? , . " . 

MR. HASS: We are designing for storage minus 42 

plus 220. Operation minus 20 to 200. In a storage system, 

naturally, you have the pressure effects, but these are not out 

of the range of feasibility. In other words, the inflation 

time is not affected. Reliability-wise, we are currently 

. running tests at the temperature extreme. 

14R. FERGUSON: Does it have any apparent effect? 

DR. H^DD.ON: Nylon dopsn^t get brittle at minus 40. 

MR. HASS: No, sir. Minus 20". 

DR. HADDON: Let me ask you another one. 

I an thinking of the experience with nylon- hose 

some years ago where air pollution — I have not heard of it 

lately — where there v,-as a sudden running of stockings if the 
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air pollutants got too high. Have you tested tliis in deter-

ioration mixtures of high air pollutants? • 

MR. HASS: First,, we arc talking first generation. 

DR. IIADDON: You mean, urethane coating? 

•; . MR- HASS: Urethane coating. And we are in the 

process of testing it under oxi'gon pressure, temperature, 

humidity, vibration, pull strength, and cycling it in a .manner 

which we believe to be equivalent to five-year installed-life oi 

the car, and it is passing these tests in fine colors. 

MR, EDV.'ARDS: In many of the devices we have come 

up v/ith, we have .run the device of this type through acceler-• • * " 

ated aging aspects also, to determine the in-car-life "of the 

system, in car corrosion abilit^V of the system, and in car 

dynamics of the system. _ ' 

We have gone extensively through this testing, as we 

do any other product, or new ones; 

DR. HADDON: You do this presumably on all components 

,in the system? " . . ' 

MR. EDV/ARDS: And the complete system, v/hich is 

highly important, interaction of the individual cars. 

• D R . HADDON: Let me ask you something else. Are 

there problems in tlie area of kids and mechanics, and that sort 

of thing, getting at this, taking them cut to use for other 

things, inadvertent release in the"shop, that sort of thing? 

MR. EDWARDS: I think.seme of the initial designs 
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we have looked at this aspect of it, relative to fool-proofing 

aspects from a kid knowing that a device is on this car like * 

this and triggering it on purpose. These would be some of the 

things v/e would have to look at. « 

DR. HADDON:. Or taking it out to use to power a gun 
• • , * • 

or toy, or rocket. 

MR. EDWARDS: Similarly, as they remove ornaments 

from cars. . 

MR. MC LEAl^I: I would think the air storage system 

itself poses no greater hazard than presently and commonly • ^ 

available, as scuba diving tactics, same type of a pressure 

vessel operating at. very comparable storage pressures. These 

are commonly available. 

DR. HADDOM: If one were to go to .other sources of 

gases, such as explosive sources, would.you feel the same way? 

M R . KC LEAN: Very serious consideration when speak-

.ing about such materials. We have not gotten deeply into this. 

• ' . * * 
MR. HASS: I think the general philosophy of this . 

energy storage system is to make it as much an integral part of 

the car as possible. Additional'ly, with regard to van(3alism," 

the stored air cushion would be placed in such an area of the 

vehicle that you would have to deface the instrument panel in 

order to damage the stored cushion. • . • 

MR. FERGUSON: Doesn't that kind of cross you up with 

the retrofit? • . 

MR. HASS: The retrofit would be more susceptible. 
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depending on v/hether it was an external or in the glove comr 

•partment. If you could get it in the glove compartment, that 

would be the place for if. 

MR. MC LEAN: I think probably it should be'brought 

out, Pete, that it appears that.in the development of the 

• i 

system that there is energy, available .to break through a ; 

vehicle trim surface, v/hich you have not m.entioned as yet. In 

other words, if you have a vinyl sheet" of trim material on the 

instrument panel it appears there is adequate energy to break 

through this material, and we think the configurations should 

be possible so that the material itself, which is broken ' 

through, does not in any way«enter.into the bag deployment 

system, and the fact that such a bag might be concealed under 

the trim that is truly passive and attempts to make it more 

free from contaminant, and accidental damage than if it were 

laying visibly. . ' ' • 

. • 
DR. HADDON: Less susceptible to pencils and that 

sort of thing. ' " 

Without in any way tending to bring this to explora-

tions that might go on, one would hope that consideration has 

been given to the possible role of the after market of supplier 

and installers, and so forth in this whole picture. 

Are there any other areas we have not covered? 

MR, BPOi-iN: I might make one comment >back on the 

subject you raised in tamper-proofing. In the sensing device 
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itself, probably affixed to fire'i-;all\of. ;.thd. vehicle/•.: us 

v/ould be such that at least as we see it through day, it v;ould. 

be extreir.ely difficult to initiate the sair.e forces. You almost 

have to crash tlie car to get the force. " You have to get that 

kind' of a trigger. . . ' ; • 
• . 1 

So to strike it with a hammer or something of this 

type would not set it off. • - ' 

DR. HADDON: Even if you hit. the casing of the 

triggering device itself? 

MR. BROh'N: That is right. 

DR*. HADDON; V7ould you put the sensing device on the 

passenger compartment side, the rearv;ard of the fire wall so 

• it v;ould not be obvious to people v;ho v;ere looking at it? 
• • • ' • 

MR. BROT-?N: Yes. 
. • . • • . . • • • 

DR. HADDON: I would like to mention one other point. 

With respect to methods" either for storing gas, or 

more particularly, with respect to explosives, we would be 

concerned if noxious gases were generated which night,parti--

cularly in a moment of panic", be inhaled deeply by the persons' . 
• • • . 

in the car. • . • • ' '.'V-i 

; . • < • • / I 
For. example, as far as I. know, most of the explosiv'e 

. • i 
» 
i 

produced, HO2 and NO, and things of that sort, we would not . 
• • " • i 

like to see these going.into people, although it is arguibie j 

as to how much effect there might be. But-1 think the i ^ a • 
i 

of proof would be on the person furthering the syston ^p 

v -
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sort to the approach it Was not toxic. 

TUiything, else?. 

Mr. SELIN: You did a fine jcjb for me. 

DR. IIADDON: I sort of chairajd this without intending 

to. Would you like to make any other eromment? • • 
* V 

MR. SELIN: I don't, myself,- ^unless anybody else hero 

does. I. think the last comment I can rmake is that we thank you 

very much. Dr. Haddon, and everybody ellse who took thei-r time, 

to come down and discuss the current ssituation on a device of 

this type. -

DR. HADDON: I Would like t o close, then, by saying 

we are dead serious about pushing the pjotential this seems to 

represent, and if there is anything I csan do p e r s o n a l l y o r we 

can do as a Bureau to further this, toi -the point where it 

either succeeds or is demonstrated not; to have the potential 

we nov; see, I hope that you or anyone eslse will be in touch 

with us. . ' " • 
4 

At the same time, we thirlc tbs-.-iLnitLativc should be apcro-

priately with the private sector, and vwe are in the rclc hero 

of perhaps kibitzers and to some extemt midwives rather than 
« 

those primarily responsible for cbncepition. 

The meeting is .adjourned. v:-.'e will make this transcri 

available to others. 

(v;heroupon, at'4:00 p.m., thhs meeting in the 

entitled matter was adjourned.) 


