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CORRELAT ION ANO IUALIES BETWEEI{ gEllv(ET DROP -T EST SYSTEMS

I. INTRODUCTION

During the latter haU of 1974, a laboratory cross correlation

of rnotorcycle helrnet drop-test facilitieB waa undertaken. Thig

program, conducted by petsonnel from the Medina facilitibs of

American Safety Equipment Gorporation, involved tJre use of a

MEP calibration device. Data obtained with this device, a rnodular

elastrorner progratruner, or lvfEP, were then cornPared, for absolute

valuea as had been induetry practice. Subaequent cornputer analysia

along with high speed motion pichre etudies were perforrned and

reaulted in a rnore detailed, underetandilg of response tJxan possible

frorn MEP data alone.

As a result of this analysis, it ha.s been deterrnined that

rnajor diJferencee exist in the reslpnse characterietics of varioue

test equiprnents which explain anomaliee between teet resulta ob-

tained il heknet testing. The reeulte indicate that catbration

techniqueg historically used by teet laboratories as well aa industry

need a continuing evaluation of procedures and uprilati:lg where

appropriate.

U.  MEP TESTS

During August and September of. 1974, Maurice Foxr Quality

Assurance Manager of American Safety Equiprnentrs Medina, Ohio
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plant perforrned a round-robin test prograrn involving the teet

facilities of Southweetern Reeearch Institute, U. S. Teating Labs,

Dayton T. Brown, and the ASE Medina plant. These teste ernployed

a rnodular elastorner prograruner (MEP) which waE purchaeed tre\ f.

This device, a disc shaped block of elagtic rnaterial having a rnajor

diameter of 5 inchee and a thicknese of I inch, wag developed for

quality and engineering testing of rnechanical devices, and ite

uee in the helrnet induetry goea back 5 to 7 years.

In uee, the MEP replacee the rigid aavil of tl.e drop teat

equiprnent and the drop assembly ie allowed. to fall againet the MEP

frorn given heights. An accelerometer, seasitive to ehock apectra

in the vertical plane, ie rnounted at'the etatic cerrter-of-gravity of

the drop assernbly. The resulting electrical signal frorn the

accelerorneter ie an accurate histograrn of the forceg experieaced

by the test device during irnpact. Theee lnrlaee are recorded

electronically, or photographically, for later analysis of the ghock

character is t ics .

During the round-robin testa, the MEP wae gubstituted for

the anvils on each laboratorieet drop test eyeteur. Meagureraeats

were rnade to deterrnine that alr drop heighte were coneistart. In

add,ition, where poseible an optical gate was uged to rneasurc the

velocity of each systern, except that of SwRI, just prior to irntrract.

(SwRI has a buil t- in velocity sensor).
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Acceleratiof i \Pulseg were obtained frorn each series of tegts

after allowing calibration and rrwar'rn-uprt drops. Table A details

the observables frorn these testg. Theee results, discuseed in rnore

detai l  later, lead to aome general characterizations. Firet, tJrere

is a norrnal spread in values of acceleration gta directly relateable

to the values of irnpact velocities. Second, even though the eet

average of gte for the swRI tegts ig lese than other values'onthe

table, the reaultant dwell tirnes of the ahock pulee at tJre l50g and --

200g levele are longer than any other eet of dwell tirne data. Thie

inverge nature in dwell tirne exiete between data frorn S\rRI and' 
'

the other three teat faci l i t iee.

The above inverse characteristic; i. e. longer dwell tirnes

for equal or srnaller g values' waa indirectly verified tJrrough an

aseessrnent of test data accurnulated by aeveral other rnanufacturers

who had subjected eirnilar helrnete to tests at the test facilitiea.
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TABLE A

SUMMARY OF MEP DATA

All data taken on one MEP.

n

Tes t

#

Laboratory

DTB
DTB
DTB

MEDINA
MEDINA
MEDINA

SwRI
SwRI
SwRI
SwRI

UST
UST
UST

Drop gt  s me /  15 0 rne l20O V -  I i l

4g  369  z .3L  l .  gg  tg6 ,gz
48  366  Z .Z9  1 .89  r88 .39
4g  363  Z .3 l  l .  g9  190 .69

4g  400  Z ,o  1 .65  l9o*
4g 400 z .  |  1 . .7  190*
48  

,398  
Z .O5 1 .7  190*

48  395  2 .45  1 .9  190*
4g  390  ? .45  l .  95  190*
48  37O 2 .45  r .95  190*
4g  390  2 .45  2 .0  190*

48  340  2 .4  1 .85  188 .3
48  340  2 .35  1 .8  183 .8
48  340  2 .4  l .  85  170 .5

rns/base

5 .  06
4 .83
4 .8 r

4 .0

4 .5
4 .6
4 .5
4 .5

5 .2
4 .8
4 .8

#

Footnotes

*Velocity assurned to be near theoretical becauee of adjuetrnent.

#Data used for cornputer analysis.

COMPUTER DATA ANALYSF

The generalizations of the basic MEP tests led to the uge of

cornputer analysis in order to ieolate tirne varient phenorneqa uot

diecernable frorn the peak (or instantaneous) values obtai:eed in the

MEP tests. A basic scherne was developed to alluw uee of the photo-

graphs of the shock pulses obtained frorn the MEP teste. Thig

scherne called for the development of a computer prograrn that
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would reconstruct the values of vel{tity change and displacement ae

functione of tirne frorn the acceleration pulae alone'

Given the basic relationshipe of velocity, motiou and accelera-

tion of a body, the differential equationa of kinernaticg are dcrlved'

These well known relationshipe are:

v = gP (r)
dt

dv _ d?e Glg =dr  =  dr

v .  dv  =  a ' dg  (3 )

where a = acceleration, e = disPlacernentand,v=velocity.

With these basic eguations of kinematice, it is elernentary to

ehow that:

(4)

Js)

'While care rnust be exercieed in tJre uee of these relationships

(tJrey are tJre relationships of instantaneous values of g, v, and a),

they forrn the basie for reconstruction of valuee of velocity and

displacernent frorn rneasured values of acceleration ve. tirne. Arr

irnportant pararneter that rnugt be known is velocity at t = 0 in order

to properly range the output of the integrations, but no other constant

is required. Mass would aPPear to be a required input, but thie

tr
Av = Jr ,  "  

u t

r
T

Ae = 
Jo 

v .  d t
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was shown not to be the case by Galileo at a very early date. IGrowing

the instantaneous value of velocity at the tirne of irnpact, a cornputer
\,,

integration routine can be developed using any one of several methods.

Basically, theee different rnethode deal with the treatrnent of tJre

averaging or weighting of instantaneoua values of the variable rgr for

surnrnation. It is obvioue frorn Equation 4 t}:;at the area under the

acceleration vs. tirne curve ie equal to velocity change and. hence

this integration rnust have a etarti.ng point (pre-irnpact velocity) in"

order to describe accurately the irnpact characterietics.

The cornputer progratr! uees Equatione 4 and 5 aequ.entially for

each point of tirne between the lirnitg deaired. Norrnally, theac

lirnite i:rclude a short duration prior to irnpact and a ehort Period

after measured acceleration values return to -lg. This duration

coincides with that period. of tirne starting just prior to irnpact and'

ending when the heknet and test device have just left the contact pad

on their  way back up (rebound).

Input to the prograEr ie by line gtaternent of convereion factorg

and data files. The data file is taken from linear dirnensiona of

the shock pulse photograph record. Enough points are taken to pro-

vide reagonable integration accuracy. Each point ia deecribed by

two nurnbers, such as, 1t2,4, 3.Zrtt which give x and y dimengional

values for rnany points along the curve. The dita conversion state-

rnents provide the cornputer with the calibration values for the data

set nurnbers.
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Output of the program is in the forrn of plots, autoacaled, of

acceleration, velocity and displacement ag functions of time. The

plot of acceleration gerves to test for those hurnan errors possible

in data entry and to ghow time correlatablee of thie function with

other test variables.

The resulte of each test calculation is returned to cornputer

rnemory after plots are rnade. A gecond section of the ptogram

now calls any two test sete and performs a set eubtraction aad

plote differential graphe. Iu sirnple terms, theee curves allow

a correlation of how one test cornpares in magnihrde and time urith

any other test. In thie way, the true tirne dependent diJferencee

between two tests conducted on two different equiprneuta can be

found.

Figures I through 4 are single test calculation plote for the

. eeparate test laboratories. Figures 5 through 8 show ttre differ-

ential values between various single laboratory tests. Each figure

,is 
identified as to the equipment involved.

When viewing the single test plots, it will be helpful to note

that inetantaneoug valuee of the three variablea are indicated by

capital letters, V.r A. , and D, which repreeent velocity, accelera-

tion and displacernent.

IV. DISCUSSION OF COMPUTER ANALYSIS

As previously rnentioned., a first look at peak value d."L 
""r.

lead one to the erroneous conclusion that different test equipments
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correlate fairlY weII.

Cornputer analysis yields values for time dependent accelera-

tion, velocity and displacement and it is seen that while systerne

rnay be rnade to correlate for peak values, at other tirnee the

units are very rnuch out of correlation.

From the single teet calcrrlation Plots, Figures I through 4,

it can be deterrnined. that peak values of acceleration occur near

2.4 rt:1e after anvil contact for 4Srrflat anvilteats ueing tJre aarnple

MEP. The ehapes of the curves frorn oae tegt to aaother are

sirnil.ar to the eye. However, at the point of rnaxirnurn MEP

cornpression where the velocity direction tevelses, (near ?.4 r11el

there are large diJferences in the ratio of precontact velocity to

past contact velocity. Table B givea values and differenceg for

pre-irnpact and post-irnpact velocities. It also givee rr AVil

values (total. rnagnihrde of velocity change), and the ratio between

the two velocities. This latter nurnber servea as a figtlre-of-

rnerit  to gauge systern Performance.

TABLE B

TEST T'ACILITY

DTB
ASE.MEDINA
SwRI
IJ. S. TESTING

PREIMPACT
VELOCITYre

r89
190
190
183.8

POSTIMPACT
VEIPCITY

u/sc

L19.427,
83.674

lz3.164
102.535

AV RATIO

. t/sec

308.422
273.674
313.  164

.632
,44
.65
.56
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The values of AV indicated no correlation between precontact

velocity and total velocity change. Thig is due to fundarnental

d,ifferences in test equiprnent discussed later. The ratios of

post to pre-irnpact velocity rnagnittrdes offer a striking r:reasure

of systern perforrnance. Again t-here ie no correlation between

initial velocity and velocity ratioe. This aleo ie indicative of the

Barre baeic systern differences.

The foregoing differences and ratios are important but d'o

not identify the causes of the differences. Analyaia of tJre differential

plots begins to give an ind.ication of where t"he differences colTre ftorn.

Ueing the differential curve of SrrRI ve. Medina aa an example,

Figure 5, this can be ghown.

Referring to Figure 6: lf both syeterne were in perfect

correlation at each instant of tirne, all data points would. be on the

f tOrt dif ference l ine frorn T=0.Orns to 6.0 rns. Theee are obvioualy

not. In addition, there is a ilwaistrt in the data at2.4 rt:ra, the tirne

of rnaxirnurn cornpression of the MEP, or the tirne the head forrn

has corne to rest prior to rebor:nding upward. Thie rrpinchrt or

rrwaistrr indicates that onlv at thie instant (exce1* at T=O) are the

two systerns corlelatable.

Before and after ?,4 rns there are rnajor ercuraions of the

A curve. It is seen that the SwR[ equiprnent ie experiencing

63.549 grs rnore force at  0 .  8  rns

-9 -
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i t  is seeing 43 gts less force at l '6 rns. Again at 3.2 rne the SwRI

systern is 50 g's higher' This ie a 107' 549 g' excursion in a tegt

that generates 400 g's total. The area under these acceleration

deviations is reflected in the rnagnitude of the V curve. This curve

is seen to rernain at or on one eide of the 0 difference line for all

tirne va1ue6. At T=0, it is at 0 difference, but reacheg a Peak at

1.6 rns and another at 4.4 trrs, the instant the test device ieft

contact with the MEP on its way upward (rebound). The rnagaihrdce

of the velocity changes tend to agree \nith areas under the A culrre.

These observations lead one to a general ized conclueion: The

Medina systern is losing velocity aa cotrtPared to the SwRI system

just prior to rnaxirnurn MEP comPresEion and, again right after.

Loss after appears to be greatest by a large factor.

While the anaLysis now gives a reaaon for obeerved diJfer-

ences, it does not yield the physical cauge. Thie finding required

the use of high speed f ikn analysis.

V. HIGH SPEED FILM ANALYSIS

Af ter thecornputerana1ysisy ie1dedtheaboveconcIus ion,

high speed fikns were rnade of eeveral teets at Medina and at

Bel! Helrnets. In addition, films of testa at SwR[ were rnade avail-

able to this writer for analysis.

Upon viewing of these 2000 frame/sec. f i lms, i t  became

obvious that the drop test assernbly known as the rrGrant Gross Arrn, r l
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and used by a preponderance of test facilities (excluding SwR['
J

Snell and BeIl) suffers frorn mechanical design Problerns ageociated

with a center-of-percussion phenornena. \{hil.e ttre unit is in etatic

balance on a line through the center of gravitY, it is not in dynarnic

balance about this point and distortg on irnpacL The regult of tJria

ig that the bearing guides of the Grant arrn bend frorn parallel by

ae rnuch as 6 to ? degrees near the mornent of rnaxirnurn test object

.conapression. This cauaes the teflon guide bearings to bind on the'

drop guide wires and . lose enelgy through fr ict ion Thege loseeg

begin to occur just prior to rnaximurn comPreseion of the teet

device with the rnaxirnurn angle and friction occurring afte t 2.4 rna

when the headfotrrr reverses direction upward while the bearing holder

is still rnoving downward. This agreeo with the cornputer analyeie.

Figure 9 shows the geornetry of the drop arrn assernbly before

contact and at 3 rns.

Filrns of the SwRI systern show no viaible distortion o!binding

during irnpact. This explains the higher rebotrnd characteristice

of this systern as cornpared to others, as well as the higher values

of AV and ratio values in Table B.

VI. CONCLUSION

While rneeting equiprnent

and Federal standards, results

diJf icult to correlate with those

requirements of various asgociationa

from one test facility are very

of anotler facility even though pains
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are taken in attempting baeic cal ibratione, cross-correlations,

round-robins, etc. Many in the field have felt that this inconaistancy,

results frorn the inability to produce two helrnets alike. As a result

of this analysis, i t  is possible that helmets are more consietant

than appreciated and that the inconsietancy is in the teet equiprnent.

Frorn a rnathematical point of view, tJ:ie test inconsietancy

results principally in differences in measured g forces and pulse

dwell tirnes. Using only readinge at peak valuee, it urould aPPear '

possible to alter drop heighte to eet two heknet tegts alike. However,

in doing so, the dwell times will never correlate consistantly becauge

of the basic difference in the integral of g'B vs. t irne. ThiE ia due

to the fact that while the peak gts rnay be the sam.e when comparing

two separate tests, the total AV, or area und,er the g ve. tinxe qurve,

will not be the sam,e and the difference rnust result in a change in tJle

shape of the acceleration pulse. Fol otherwiee identical systerne,

those producing larger AV's prod.uce longer d.well tirnee for the

identical tests. Individ.ual test d,evicee -MEPs, heknets, etc., rnay

alter the rnagnitude of these differences, but not the direct relation-

ship.

While the anrount of data uged. for this aaalyeia wae not

exhaustive, they appear adequate in light of the conclusive findings

of the filrn studies which cornplernent the cornputer study. Alao, in

the data, small differences in pulse phaee after T=0 can yield

diIferences in the differential plots, Care waa exercised to identify
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T=O and in future tests, a T4 tirne will be rneagured.

For product engineering reasons alone, it would appear prudel$

to update drop-test facilities which preeently use certain types of .

guided wire equiprnent. There is additional reason for euch change

in light of Federal standarde. rt ie rnost desirable to rule out

inconsistancies now appearing in test reeult data. Thie ie not a

total ind.ictrnent of all euch systeme, as there are several which can

produce rnoderately good, resultg. These latter. syaterne could, be

irnproved, but this rnay be rnore expensive to accornpliah thaD

change-over to newer designs, and then one wou1d. never be in total

correlafion with equiprnent used for Federal cornpliaace.

A rnore thorough laboratory correlation shoul.d, be uadertaken

to develop nurnerical values for present differences in an atternpt

to regtructure previous hietory. In additio:l, as other ty;lee of

drop-tests are used in thie induetry (penetration), ae well as other

safety rerated industrie", ,"" proced.ures and, cornputer progranr.g

developed in this study could be used to shed light on other related,

prgblems.

Append.ix A contains nurnerical values used for data plota.
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Figure 4

fEP  IEST  -  t l  -  f 8  lN  -  v0=190  lN /SEC

MEDINA

i l  SY XBOL
AI  tCt ' t (  6 )  a
Y( tN /sEc . )  v
E I IENT( l t t .1  0

FUNCT I O
ACCELER
VELOC I  T
O ISPLAC

I  l l l E
(  l tS EC. )

g

X r4

A .8

1 ,?

1 .6

? o

2.4

2 .8

3 .2

3 1 6

4 o

4 .4

4 .8 .9

5 .2  
l r

i
5 . 6  O

I
6 e  O

L EFT
a

- 83 .6?4
g

I NCR EI{ ENT S
6 .58333
4 r56123
5 .3738  1  E -3

R I6HT
39s
190
a *?2429

(,

(.

(.

.q
a

o

a
l -
J'

a

a

a

,
a

a

a

a

2
a

a

a

.V

1  r  r r o . a  a o a l  . l  .  r .  a . . . ' l  o o . r . . .  a . 1 . o . .  r a . . . 1 . . o  o . . . . . 1 r r . r o  r o o r l

o--

o/o'/ /

. /o t /

./o

^/o

^ / '

'o'

1  .  r . .  a  a .  a  a 1  .  r . . . . . . . 1  . . . . .  r .  r  r ' l  . a a a . . a . . 1  . a . a  a  r  r r r i  a .  o . . r  r r o !

-  18 -



Flgure 5
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