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The MIRA Bulletin No.

5. 1969, conlained un article in which the Sicre,

anthropomelnc durmy was discussacd. Mir cierizoerg, who s colichoratiig v

Amcncan manufactuns
some commeants which he

on the development of dumniics, hus aew suomiticd
has askedt us W&.nchude fh tie Bulictin. A repiy by ine

authors of the original arucle foliows Mr. Hertzberg's comments. -

B
ofe i . .- ,r:'f\ -'-i 5 »
MzsconcepL ons Regarding the Design
‘ (2 e W "~ 'F'/'\f. B '-\\ . Yy VS, :
.and use of Anthrcpomorphic Bummiies

-

by H. T. E. Herizberg

- Aerospace Medical Research
- Loboratory, United States
Air Force
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Mr. hcrlzberg. a rescarch physical cntivropclogist, ras Leon

nrocucing
enginccring anthropology for the U.S. Air Forcc since 1940, measurias

hunan body size and strengih, and uul.nng such daia in the design ,f
dumniics, cockpits. scais, oxynen masks, helmiets, gloves and 6iner
types of flving clothing and persorai cquipment. Ho reccived an A.C.
fiom Rice Instituie in 1527, and an A.M. from Harvard in 1942, Between
those ycars he graduated frem the U.S. Military Flying School &t Kcliy
Field, Texas, worked in enginecring and acrial mapping. did graducic
work at the University of Texas and at Harvaid, and field anc luboratory
rescarch at Harvard and the Universitics of Texas and Kentucky., He
joincd the Acrospace Medical Rescarch Laboratory afier military scevice

. in World War 1.

Mr, Hertzberg is author o7 co-cuthor of aosut CO monograpas ancd
papers, as well &s oi numcrous anthropoiogical chapiers in olficial AN
Force publications. He is a rmember of several national agvisory com.
miitees, including the Commitice on Physical Anthropoiogy, Nationai
Research Council; and for five years was Chairman of the Committee on

‘Anthropometry, Aerospace Medical Panei, AGARD-NATO.

UNDLR the very general title, *Anthropometric® Dummics
~ for Crash Rescarch™, Scarle and Haslegrave (1969) launch
a serics of sharp criticicms against a commercial crash-test
-dummy, Model No. 292-800 built by Sicrra Engincering
Company, Sicrra Madre, California. The authors inveigh -
apainst what they call “misconceptions” on Sicrra’s part.
For rcasons presented below, 1 consider it unfair that Sicrra -
should bear the brunt of the attack, and therefore under- -
take an analysis of some of the criticisms. My remarks here
arc my personal views, and are not necessarily thosc of my
employer.

Furthermore, my comments here should not be con-
strued as an apologia for Sicrra. That company must take
responsibility for its own design decisions. But if Sicrra
utilizes design parameters (like size, shape, weight distribu-
tion) that arc reccommended by committces of American
cxperts on human-factors design practice, then Sierra is not
the recal culprit. Indeed, for some of what Scarle and

*The term, “anthropomorphic™ li.s been used fo- 2 years in
the United States 1o denole a dunaiy deaneraiely engiacered to
simulaie a specific kevel of humian s:ec and siructurc—the (ype
we are discussing here, In the bcgmmng it was called the

= *“anthropometric Jummy™ because its specifications had emaa-

. sted from what was then called “Anthropometric Unit™,

MIRA Bulistin No. 4 1870 July/August

Haslegrave call Sicera®s misiakes, 1 should be catled 10 1he
dock instead, having had some part in establishing those
parametcrs and the underlying Gesign philosophy. It is for

" this reason that | reply here, noping that a litue under-

standing may put these complaints in their true light, and

thercby dispel some of the confusion,

But because cummiy-making is an asoteric activity which
most people have never heard of, some background rmay be
cailed for. A rcasoaably full outline of anthropomorphic
‘Curamy development can be found clsewhere (Hertzberg,
-1969), but for immediate purposcs of my identification with
the subject, the following may suflce:

(@) in 1949 1 assembled compichensive specificalions for
tive size, form, mobility and weight distripution for the
first “antaropomorphic™® dummy (buiit by Sicrra
Enginccring Company in that year), from which both
existing comnercial cummics (Sicrra, Alderson) have

grown.

® 1 ama 2eer of (wo national committees (SAE;
Dozt o Transporaalio.a). cach invoived in a
di aect of the design and construction of auio-

..3-west dunvaies. Both commitiecs include
Llee JeesidCl Siacopologists and automotive
Cadificey, &aG the second also has representatives of
both dumray menuiacurers. Technical deseriptions of

‘ 17
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S the Livest dunumy spwecitications chosen e Diepartinent
& Trasporiation  erasbisiest  dunmiies bave  been
punlished (Sarkey, o7 ad., 1959),

Posatisticd with thewr Labarinory’s home-nunde test
dummy, Scade amd Flaslegrave bouelin the conmercial
Swwrra dimmv, Luthe tist sechion of their peper, Chowce of
Pummy DPancisions (e 29), the shos lase no tiaie n
st ther complainis: * L, it became apparent tha the
aakars aie wroag in their andernsianding of wini constie
tintes 4 28ih-percennde man, i€, 4 of sich size that
9% ¢ cent of the population are smialler,” “I'he anthocs
then assert tat, wo deline a 9Sih-pereentile man, *, ., only
one dimensicn can be chasen,”™ On the siine page they say
further: “The attempt to use a numbcer of dimensions jointly
15 Aot only medningieas . . ., bat in addition gives rise 1o a
nber of seil-conmradictary results, This is illustrated by
an enample Trom relerence (2) (i, Tlertzbery of al., i934).
Seated shoulder beight may te thouglin of as the sum af
clbow height and iengih of upper arm, The 95th-pereentile
value of seated shonlder Leight [Shoulder Hreight, Sitting
for those who wish to check thie original reference— HTIZH]
is 25°1° while the two portions have 95th percentile values
of 10°8° and 15:47 respectively, with a sum of 2827 (sic).*

Naow here is a carious intermixtizre of truth and error,
and to separate the two reguires a fairly detailed analysis.
But before doing this, fct me quote yet the next paragraph

~ in full, to do no violence to context:

“The desighers of the Sierra dummy appear to have
attempied to make the dumimy 9518 sercentile on a large
number of dimensions, and the iniernal contradiciions

resulting from this misconecption have given rise 10 some -

odd proportions for the dummy. In particular the neek is
far too long, and the height of the iliac erest when seatad is
too low. In addition, ali body widths and citcuniciciees,
including thigh, hip and ciiest circumferences, are too large.
The specified weight of the dummy (217 Ib.) is also too
large—the mecan weight of men of 73+17 stature is 188 Ibs,
) [ie.. Stoudt er al., 1965). It appears that the nakers aave
taken major dimceasions such as weight, stature and limb
dimeunsions, from Ref. (1), and filled n with detailed
dimensions from Ref. (2). The diserepancics, introduced by
the attempt to reconcile incompatible 95th pereentile
values, have a great efiect on dummy kinematics, which will
be discussed later,™
We have now before us the gist of the first arca T wish.4d
discuss. How to begin is a bit of a problem, but perhaps the
simplest way is to begin with 1he simplest error.
For the sake of precision, it is aecessary to note the error
of addition above: the sum of clocw rest heisht and
L shonlder-clbow lengath is 26227, not 25-2° as i the text.®
In all fairness, this ciay be disanissed as a faere typo o«
error. The true ditlerence (1°17) between siwulaer scight
and the sum of those two dimensions may loon large in an
engincer's mind—and tie authors are correet that for an
individual person the two scts of dimensions s.could be
equal—but 1o an cngincering anthropologisi it scems Guiic

- small, beeause dimensions for a statistical sampic do not

behave the same as for an individual. The blological fact,
well known to anthropologists, is that body proporiions
differ markedly among both individuals and racial types
(Hertzberg, 1968). Some people have long torsoes with

*Mr. Herlzocrg was noiiied of this mispriat during the peep=
aration of his articic.~E.70a.

.
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shiart ars ad Jeps, wlule the revera 15 triie for otrern,
Henee eliviwerest Bicight Guamiot be dhe same for tae
different types, sl thas is why clbawereat heipiad b to e
directly neasured and directly applcd, In no tandomn
sinple of sittings people thiat | knaw of will the: value of
shiaulder heght ecpial the sima af theeg tvea dine 1o, G
nirka s s vasaility that, wlale 1the Coclicicrt of
Vartalulity (a percentage expression of the stiqdicel duvide
tion) is annud 44 far most anthropaanciric dancavore,
that far cibowerest hicight is 11236 (Yerizbery, Danicls s
Churchill, 1954, p. 22). Roughily the same valucs sre true for
totinly different samples (FHertzberg e ol., 1963, p. 142,
Thus this cxample, expected by the authors ta bohter their
case, shows imtcad that their acquaintance with arthropo-
logical human-factors principics is nol ¢bmpicic. Sierra
cannat be blamed for that.

Now, what of the authon® stalement that anly orc
duncnsion can be uscd to desipnate a given percenhile level
for a man—say, the 95th? Here they are perfectly corree: —
for a man, The term, *‘the 95th-pereentile man™ is only a
.siatistical abstraction—when uscd to descrine a man, There
is no such thing as a man who is 9Sth-percentile in all
dimensions, Anthropometric data show that, of those men
who are of the 95th-perecntile in stature, only a few aiay
aiso be of that level in weight; and as wie number of dimen-
sions increases the number of men actually Cisplaying tha
level in other dimeasions drops very rapidly 1o the vanishing
point. The same is true for that other populas but noa-
cxistent abstraction, the *“*average man™ (Danicis, 1952).
But whiic all this s truc of a man, it is not truc of the
aathropomorphic dummy. Onc shou'd not expeet the same
sizes, or the totality of response, ia such a duramy as arc
obscrved in an individual man.

The point tAroughout is that the duwauny is a tool—a
simulator—whose fugetion is to represcnt not just one man
but a whole population of men in as many parameicss as
possible. It is 9Sth-percentile in cvery caicgory, and its
response is a blanket response, I+ crash-test work, a primes
requirement is to check out the size and sirengih of tine
cquipmicnt—the scat, the restraint harness—to make sure
it will safely restrain a human subject in the finaj wesis at
high G-lorces. Even the restraint harness has to be large
cnough for the 95th-pereentile of any dimension. Amonz a
group of 9Sth-percentile men in stature, weight may vary
from about 35 pounds to 240 pounds or more. The load

disiribution on a scat can thercfore vary widely. At 266G,
will a seat enginecred for 188 pounds (1the authors' Cesired
“averape™) salcly nold a man who weighs 240 ponnds, or
cven only 2172 Engincering to the “average™, apparenily
espouscd by she authors, is a widcly~used idea, but it can
be shown to be a fallacy noncthcless (Herizberg, 1955;
1950). Human factors spccialists in the United States have
fong accepted the view that designing to the range of
accomuodaiion is the only safe procecure; heaee a durary
that will test equipment to tts maximum in all paramciers

-is essential, Thus the use of many paranicters is not “mcan-

ingless®; it is ia fact the efficient way to assure maximum
utility and safety.

Trc comminees mentionied recommended 217 pounds as
the corveet level of weight because that s the 9Sth-percentiie
value appearingin the latest survey of the American civiliun
aopulatioa (Stoudt er al,, 1965; the auihioss® reference 1),
Siersa rcasonably followed those recommendations; so
whooewes is “*wroag™ oa this point, again it is obviously not

Slaese
v seme
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I plasy U thie 217 paannds, the anthors vall tare a valoe of
ISN pawinids Wil they posaively assert, wali g selvicinee
e et el e weishn o wen o 131 stature,™
Ths statenient vaises the autlisopadognin® eveluows agzn,
ethas cat severdd eounts, ot the seferenee is vt
there v 0o ah statenicut o valae m that report, nor s
there a table ol averape weights Tor a given stature aind the
sanw i e of the other American report cited. Then whae
did the authony” choive come from? 1 da not knaw for
S ecttain, Ponsibly it cane from a sample af Nritsh pilots
wweastred in 1955 by Marant, and reposted an by Samucl
and Smith (1963). 1n Part 1 of that report, R.ALF, pilots
*T¥1” 1alt are stated 1o average 1874 pannds in weight, The
similarity of the daut make this source passible. Bul not
Knowing positively, § refrain fram painting ont the impro-
pricty of demanding the use of an average describing a very
spevially=selected military grotip in one poprrlation as the
correvt value for a dumimy deliberately intended 1o repre-
sent a speciiie pereentile level of a general civilian graup ina
totally dilferemt population. If that gucss actually were
corneet, and onc were having 10 judge the casc, the felicity
of dummy sclection from the several types available would
surcly bk a factor,
. So much for the "misconceptions™ the authors ascribe to
Sicrra in their first section, Dumimy Dimensions, Let us

. ="+ turn o their next section, Weight Distribution. The authors

say, “Two other important factors in body kincmatics arc
the distribution of total body weight among the various
body scgments, and the centres of gravity of these scg-
ments. The published data in this arca is very sparse and
unrcliable.” AN this is true. Then, however, they cite Fischer
(1906 their rcference 7) and imply that the cenlre-of-
gravity data for the dummy were taken from that sourcc—
noting that it was **a man 4 feet 11 £ inchestall and weighing
6 stones 13 pounds™ (97 pounds). That implication is
unwarranted. In neither the original nor present-day com-
pilations did 1 usc the Fischer data; instcad 1 used the data
from three German cadavers studied by Braunc and
Fischer (1889). From my own independent but unpublished
checks of those data 1 have come 10 have considerable
confidence in them as a point of departure for dummy
" construction. Bernsicin®s data ought 10 be valuable, but
-s0 far as | know arc not obtainable in the Uniled Staies in
the original document. Up 10 now, the comniiitee has relicd
primarily on Braunc and Fischer and on Dempsicr {who
did his work—Dcmpsicr, 1955; authors’ reference 6—at my
request). Again, any disparily in wcight distribution
. baiween the Sicrra dummy and Bernstcin®s data—which the

': authors appear 10 favour as the best—cannot be held

L

e

against Sicrra; until Bernstein's work is available in the

U.S. for study, the commitices are unlikely 10 specify il -

- New data will be used as they appear.

Having frequently disagreed with the authors in their
previous sections, I largely agree in tiie next scclion,
Structural Design (on the basis of the photogran..~,. witie
their contention that the Sicrra dummy pelvic and s iider
structure may not properly simulate human skeletal ca-
figuration. Pcrhaps the authors, in sciccting the mode
purchasc, should have comparcd stzuctuse in both s
more carcfully. 1t is, however, a very diilenit ol
simulate the human body, as the originators o v RAZ
Mark Vb doubtless would iesiify; so dificul, ia fac., that
the authors sct that onc asice and purchased a dummy acy
thought would be better. Perhaps they should not com-

plain too biiicrly if the new one is no: pesiics cilher. Al

K MIM Buliotn No.4 1670 July/August
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damnies dre only appioxatesis b e Janian Laly; o
siepernds v e porpose sl The dany ss G Joaw 8 i taain,
The pertect shicuary T all gaaegeeas s sl foer oo e, Do,
bt an SAL sub-cimmnitee bas boen winkug! ni Sl
cardising the s and slape 0f adoniay pelvis, winti ey
well be adaptad by hath nainafacturers,

1t is casier T cnticise than 1o biaid, May 1 ure Scaric
and Tlaslegrave ta assanble speciticai sy fe thar awn
papulationis 7 11 they would then cither canstruct their own
dunmmy ar perstade established manufaciurer, 10 huiid a
new muled to Englisiv specifications, perivads an guarastce
of a canain nuaaber to be sold, munch of 1he previously
expressed dissatisfaction might be allayed. Far the over-
riding principie inextuably holds: just as anthrapalopists
<ow it antivapomctric duta for onc national popuistion
caannt adequately represent a quiic differcent population, s
A dummy Sosigned 1o represent one groupd wiil net be fully
satistactory for another, We can oniy hop< that ali gnvern-
menis everywhere, recognising the need for safety of their
peopic in vehicics, will suobsidise cnergetic and dedicated
youny rescarchess like Scarle and Haslegrave 10 create test
dummics 10 sepreseat their own populations. All dummy
construction will be improved thereby,
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Reply by the authors of ihe original article,
J. A. Searle and C. M. Haslegrave

M. Hrrvza ke does noi appear to tollow the maia gist
of vur discansion ¢n dummy dimensions, We do aot Gis-
apree with the mwcasured values of 95th percentile dimen-
sions for the U.S. population, hut it is not possiow 10 il
a dummy incorporating ali 95th pereentile values. This is
because the sum of two I5th perceatiie valucs is not the
samie as the 95th percentile of the sum; this equivalence is
in fact valid only for the S0th pereentile. Therciore il
lower leg and upper I lengths are doth given 95th per-
centile vittucs, the whole leg length will not be 95th percen-
tile but will be rather targer.

This dilference between e sum of the 95ih percentile
values and the 95th norcentile of the suns, which was 1417
in our original example, is ruch too large for Mr. Hertz-
berg to claim that it is duc to Jiiferences between iadividu-
als. In fact the complcte auta (1) from which this example
was taken shows that the didterence of 1417 fits in with a

consistent trend i—

TABLE !

Comparison of sum of percentilo valuos with
percontile of sum

99th  95th  50th Sth is¢

Elbow hcight, sitting s 108 91 74 66
Length of upper arm is9 154 143 132 128
Sum of componcnts 2714 262 2344 206 194
Shoulder height, sisting 258 25-1 233 213 206

- Difference 16 11 o1 —07 —12

{Ail Cruensions ace inanches)

The samc trend may alsv o¢ demonssrated in Mr, Hertz-
berg's data from Turkey, Givove i il - 25,

It may be shown that if ikhe voee, oo dinicaisions have
normal djstributions, 10 wiish iy humaa dinensions
approximate, and have standard deviaiions o, and o,
thea for the 95th percentile this difference is given o,

B O

ciiae s N CON.

164 (a,+a,—,\/a,‘+a,'+2pa; b,)"whcrc DI,
tion coeficient between the component dire.
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stant of 1464 ariscs from the fact that the 95th porcentiie is
1464 standard deviatiens above the mcan: fus the Y%:ih
pereentile it is 2:33 and for the SOth perceatite 1 is, o
course, zcro. A treatment of this subject may ne faunl in
text booiks on statistics (3). Mr. Hertzberg's claim ta be
wolc to add pereentile values is valid only for tre SGih
weccentile values since the other possibility, perfect correia-
tion of p--1 between body dimensions, is demonstrably
not the casc (4).

The incorrectness of adding pereentile values is the
direct cause of the odd proporiions of the Sierra dumnsy, 1f
cach segmicat—lower leg, upper feg, torso lengih, shoulder
10 t0p ot head—is given its §5th percentile value, then the
total will be 3 or § inches greater than 95ih perceniils
stature, This mcans that cither the dunimy comes out much
too tal!, or clse 3 or 4 inches have to be arboitrarily lopped
ofl one segmieat. Sicrra have chosen this second alicrnative,

. probably accidentally through determining torso iength by

subtraction of the oiher componcnts from the total stature.,
The cffect is to make the torso considcrably too short, and
this makes the proportions of the Sicrra dummy noticcably
odd cven to the unaided eyc. This is llustrated in the
accompanying photographs, Fiz.l.

In order to get a true “range of accommodation™, and 10
be able to determine what pereentage of the population is
accommodaicd by the equipmert under test, it is ncsessary
to decide which human dimension is of greatest importance
for the problem in hand. A dummy is then construcied
having the required percentile (say 95th) of this primary
dimension, and other dimensions typical of those merabers
of the population who have that value of ihe primary
dinwension. 15 M. Hertzberg's example, scat sirength, the
obvious choice of primary dimension is weight, and a
dummiy should be used having a 95th perccusile weight of
217 1b. (5). Other cimeasions such as stature should be
given the mean value for people of weight 217 !b., i.c.. the
staturc should be 70°07 (6). For other problems, such as the
correct fit of scat belts, stature would be a better choice for
soinsary dimension, aad one would have a 95th percentile
sizsurc of 7207 (95 and a weight (188 1b.) typical of men of
s stature. Vs, Hertaberg scems to suppose that mien of
73:17 siaturc average 217 1b. weight, and that men of weight
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A7 b, avarage 230007 snttwe, bt in Gat neither ol these
apaawttions is true, Adthough ideally a ditferent dununy is
segettal for evay problem, most probiems af coonuson
VAt VPSS dre cathier stture related ar sweight relates, and
vy sl conditions apply these twa 1yes of dummy
are sullivient, This will be turther discusaed inin asticie in

*the uent Bulletn, which deseribes the practical aspects of

desisning aluamy,
tnwadentally, we are gratelud ta M. Hierizberg tor notic-

Cing that the Dipure of 188 s quated above is unt to be

fonnd in the reference given in aur article (3) 1 is in fact in

a supplenientary paper (6) which was issucd Liter by the

AN organisation.
Perhaps it is worthwhile 10 clear up some other minor
points raiscd by Mr. Hertzberg:
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Figure 1. Comparison of the propcriions of the Sicrra |

. dummy with some sub;ects ol similar size.
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(1) The term “anthnpoietng dunminy™ s den rcat wee iy
auch peaple as Sicera (7) and Me, Llertzber;s haweecdf (4.
It refers specitically tn qur present inain concern, tle
dimensinnal prapertics of ihe duimny.

(2) We said it data on weight distributoon i very spar,
and mentioned Fischer in 1906 4nd Lernsvicin in 193150
thusteate thus, Mr. Liertzberg naw s us that Le vy
the stll older data of Nraune and 1echer in 144%,
Refesrence ta our onipial article will shiow that tiere
was to uaplicotion that Sieera iad weal any particuiar
sctaf fipures for weipht distribution atid in fisct we wend
on 1o say thiat “the Sicrra dummy is in broad agreement
with what data there is, .. %

. (3) Weagree that the strength and mechanical construction

of a dunumy will deperd upon the use for wiici it 1
intended. 1towever, the Sierra dunimics in the 404 serics
arc “specifically designed to meet the rigid requirements
of automotive industry testing™ (7) und it is for just this
usc that they have unsatisfactory mechanical features.

(4) Finally, we arc nol concerned with Uritish data, but
with the design of an American dumimy 10 test curs 10
Anmcrican market requirements. Mr, Hertzber3's sug-
gestion of differences in racial types is compleicly
irrclevant in the present context.
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