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ABSTRACT |

Studies of the related biomechanical literature iﬁ fhe field of |
head injury influenced this s;udy by attempting to find force, ‘energy or '
time durational inputs to the human head that cause head injury. It
was thought that a comprehensive investigation of motorcyéle accidents
in conjunction with laboratory impacts to helmets similar ta the accident‘
helmet you]d lead to the peftinent conclusions. However, studies of
the ]iteraturé.on available headforms used\?or laboratory helmet testé
indicated there was insﬁfficient performance impact data comparing
these headforms with the humqn head. Hence this study has dealt with
the'dévelopment and analysis of tests and equipment for the comparison
df headforms to human heads during impact. From_phe analysis of test
data for the seven types of headforms imbacted, the Sierra headform
results compared most cfose1y with the results of E;EEVér impact tests
with and without he1mets; In re]atfon to the cadaver head tests, the
method for mounting cadaver heads developed for tﬁfs study should prove
extremely useful in future ;tudies. The equipment deve1bped-permitted
testing to all regions of the head, however, this study performed impact
tests mainly fo the Crown,-frontél a@d occi?ita1 regions. |

Ihis report has subseduent]y'recommended the Sierra headform along
with the other recommendations to the Canadian Standards Association !

Motorcycle Helmet Standard Revision Committee in compliance to their

request. ,J :

kY
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 This thesis has a1;o‘providéd the‘gr0undwofk for'Tuﬁiher study in
~ the field of biomechanical head injury énd makes recommend&tipns for
.toﬁics that-should receive further future considératién.
The thesis Has besn divided into two volumes to assist the reader.
Volume II contains the raw data along'with graphic and tabular interpre-

tations of this data. Volume I contains the main body of the thesis.
“ : .
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A CHAPTER I
INTRODUCTION PART (1)
I - 1 HEAD INJURY AND HEADFORMS

The ear1?§st historical records from the Babylonians and Assyrians(1)

.1ndicate that man has been we]l aware of head injury. These records show

man used d1fTbrent forms of head protection to prevent head injury, in

battle and game.

The author's interpretation of the field of head injury is shown in
Figure 1. This figure flow'char;s the field of head injury as ‘it relates
to head forms. > | ' .

Part (i) of this introduction will introduce and explain each of
the areas shown in Fig. 1.

Part (11)‘of the introduction will deal specifically with some of

the fundamental questions in the field of head injury and their relation

to this study.

As the. title of this thesis indicates, the area of headforms in the

. overall field of head “injury is of specific interest. To understand each

of the general areas in relation to headfqnms it is desirable to discuss
what is meant by the term headform,

The term headform is used to describe a.material that has been
contoured to approximate the shape of a human head. In préctice, the
material may vary from polystyrene foams to wood depending on the purBoEe
of the headform. - Headforms are used for's?ch purposes as modelling,

1
helmet testing, crash simulation, the study of anatomy and anthropometry.

* Numbers in parentheses designate references at the end of the thesis.

1 Anthropometry is' the area of science that deals with study of body

measurement, \
L
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This study has used headforms for all of the above purposes. A des-

cription of the purposes and different uses will be found in the chapters

to follow.

I - 1 HEAD INJURY

In early beriods. head injuries were the result of falls, hunting
accidents, games and military operations. In recent times tﬁe advent
of man's ability to propel himself faster than his own running speed h;s
increased the seriousness and likelihood of héad injury. Nqiker (2).
states, “The usual immediate consequences of head injury are an impairJ\
ment of consciousness and an amnesia for the events ppéceding and fol-
lowing the blow to the head".

Also according to the glossary of reference (29% two types of
head injury occur;_ ‘

(1} The closed type:. Head injury in which continuity of the soft
tissue is maintained,

(2) The open type: A head injury in which there is loss of
continuity of the soft tissue,

Hodgson, et al. (3), has described in Table 1, head injuries as they

=
relate to linear and angular acceleration.




Table 1—Types of Head Injury ¢ T .

[ Cerebral Concussio _Deformation of brain stem
v through incisura anid ior men
Linear l magnum.

Acceleration Brain Stem Injury of Greatar Severity Than €oncussion —

. Includes grossly visible area
of injury including hemorrh-
ages.

Cortical Contusion — (1) lmpinging against irregu-
Angplar (Bruise) . lar areas of bane..
Acceleration (2} Cavitation.
(3) Slapping effect of bone
against underlying brain.
{4) Relative movements be-
tween bone and brain,
Laceration — . Similar to cortical contusion
(Tear) . but more severe.

Intra Cerebral Hematoma — Mechanisms similar to those
{Blood Mass) causing contusion plus rela-
tive movements of brain with
tearing of small intracerebral

vessels, ’

Subdural Hematoma — (1) Relative movements be-
tween bone and brain
cause tearing of connect-
ing vessels.

(2) Rupturing of cortical ves-
sels from mechanisms
similar to contusion.

Epidural Hematoma — Usually associated with lin-
. ear fracture and tear of mid-
: dle meningeal vessels.

“(V.R. Hodgson, et al., “Severity Index", 14th Stapp Car Crash
Conference, Pg. 172, Ref. 3)



I - 2 CAUSE OF HEAD INJURY

Head injuries are caused by the head striking an object, or an
object striking the head. Either of these cases is usually referred to
as a direct impact. | .

Conversely an indirect impact is a blow to another region of the
body that results in a head injury. An example of this is the pheno-
menon of whiplash,

Head injuries are also caused by crushing type blows where the '

loading rate is slow.

[ - 3 MECHANISM OF HEAD INJURY

Only recently has man had the ability to measure the physical
stresses that result from a blow to the head. To understand the magni-
tude of the forces 1nvoTved, thedenamics of the energy transfer must
be known. By knowing the dynamics of the impact, an evaluation of head
protection should be possible using a headform in the simulation of the

dynamic mechanism of head injury.

I - 4 TREATMENT OF HEAD INJURY

Head injury involves a very int;icate organ, the brain, contained
in a multilayered case, the skull. Because of the complexity and
delicacy of this organ, even minor trauma can have severe complications,
Because of treatment difficulties -- for examplé entering the skull,
head injury.is considered one of the most serious injuries that occur

to man.
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I - 5 PREVENTION OF HEAD, INJURY v
7 >

Due to the seriousness of head injury and the difficulties of
treatment, the prevention of head injury remains as one of man's more
perplexing problems.

This study will be mainly concerned with the prevention of head .
fﬁjur& as it pertains io the use of headform; for protéctive headgear ‘

-

evaluation. .
Prevention of head injury can be divided into three areas: head
protection in the form-of helmets, head protection in the form of

safety equipment and thirdly accident awareness as shown in Figure 1.

[ -6 ACCIDENT AWARENESS

Accidents and injuries can be prevented by programﬁes that teach
safety ski]1§ and point out hazards. Such safety programmes are now
important parts of driver education, the mining and construction indus-

tries, and other sectors where head injury

be of primary concern,

To increase the awareness of motorcyclists to\h ardous accident situa-

tions, Newman and Webster (4) have studied the-mechanmisms of motorcycle
accidents, Papers such as the above are made available to safety

programmes for the benefit of instructors and students.

[ -7 HEAD PROTECTION (SAFETY EQUIPMENT)

To see evidence of safety equipment for head protection, one needs
only to examine, for example, recent automotive and other human transport
interiors. Extensive use of polymeric type foam padding has signifi-

cantly reduced the possibility of head injury in many previously
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hazardous locations. It is worthwhile to point out that many foams

used in padding are the same as those used in current helmets,

I - 8 HEAD PROTECTION (HELMET)

Even before 1500 B.C, {(5) man realized that head injury could be
minimized by using head protective devices that are presently called
helmets. Today's helmets are worn in the army, airforce, hockey;
construction, baseball, mining, football, motorcycling, car racing,
water skiing, parachuting, horse racing, lacrgsse, biéycle racing,
equestrian events, etc. Each of the above he]ﬁet applications has to
protect the skull and its contents against a slightly different type
of head impact. For instance, football helmets should protect against
the low velocity but repetitive high mass type impacts, On the other
hand, soldiers' helmets must protect the head against high velocity
low mass impacts of projectiles like bullets and shrapnel.

As a result of these different types of impact, a soldier's helimet ‘

is not the same as a football helmet. In general, each helmet appli-

cation has necessitated a design different from that of other applica-
tions.

Helmet technology has advanced considerably since ancient times.
One needs only to compqreihg]meEﬁ worn 20 years ago with current head

protection. 'Eﬁ%;;
This study will deal mainly with the motorcycle safety helmet that
is also used in auto racing. Even though significant improvements have

been made to this type of helmet, motorcyclists still ;qffer head
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injuries that are often severe or fatal, -ft is for this réason that
researchers in this area continue to 106k for so]utjon;:to the bio-
engineering problems associated with héad 1njury where protective head-
gear is worn.

The area of head protection with helmets can be divided into
three ;Lb-areas: helmet research and development, helmet manufacturing,

and third]y, helmet standards and their revision, as shown in Figure 1.

I - 9 HELMET RESEARCH AND DEVELOPMENT

Helmet research has led to the present helmet which is composed
of essentially five main parts: (1} the rigid outer shell , (2) the :
inner energy absorbing liner, (3) chin strap, (4) face protection

shields, visors and bubbles and (5) comfort liner. ) ‘

There are essentially three main shapes of motorcycle safety
helmets as shown in Figure 2. The "Shorty" helmet, the "Jet Style"

helmet and the full facial coverage helmet.

"Shorty", “Jet
Style™ and "Full
Facfal Coverage"”
Helmets




The outer shells of current helmets are usually made from
fiberglass or polycarbonate. The inner Tiner material is usually
polystyrene foam.

Snively and Chichester {6) two of the pibneeré of helmet research

have 1isted the following considerations in protective headgear design.

Consideraiions in Protective Headgear Design
I Protection qga%ﬁst-penetration and abrasion.
(A) Low coeff{;5ent of friction .
(B) Rigidity
(C) Shatter resistance.
Il Protection against impact.
. (A} Absorption of Kinetic energy
(1) Low rotatiohal acceleration
.(2) Low linear acceleration
(B) Load spreading (rigidity)
(C) Absence of stress concentration projections
IIT Protection against physfca1 factors
(A} ,Flameproof (C). Weathering resistance
(B) Naterproof - (D) Electrical resistance
IV Protection ;gainst "Loss”.
(A) Harness strength
(B) Strap strength
V Comfort factors
(A) Weight (B) Bulk {C) Fit
(D) Thé}ﬁal (E} Acoustical
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VI Other specialized factors ("Platform for communications, etc.")
The above considerations have proven to be a good starting point

4
in helmet design.

(1) 10 HELMET, MANUFACTURIQ

\
The fiberglass outer sheil helmets are manufactured either by hand

or by machine. Polycarbonate helmets are injection molded on a, mass
production scale. Hence they are somewhat less expensive for the
consumer. Most of the manufaétures do their own testing accgrding to
the various helmet standards. This helmet testing is usually employed
in some aspect of quality control.

Photographs of a helmet assembly can be seen in Figure 3 where

a polystyrene foam liner is ready to be placed in a polycarbenate outer

shgl].

Q

Figure 3

Qutershell and
Polystyrene Foam
Inner Liner

One means of assuring manufacturers produce satisfactory helmets

is the legal enforcement of meaningful helmet standards,



-1 -

-

(1) 11 MOTORCYCLE HELMET STANDARDS' AND THEIR REVISION

et

Motdrcycle helmet performance stﬁndards have become law in many
countries of the world. These standards reguire”thétghéihgts found in |
the retail market meet a certain minimum pérfbrmance g@ﬁaf?gment. The .
performance fequirements must be designed such that ﬁhey'simulate a
typical motorcycle accident helmet impact, | .

Standards must be continually revised to‘keéb‘the protective value
of helmets improving as new technology and biomechanicai data evolves.

ne of the -purposes of this study is to offer comment to the
Canadian Standards Association (CSA) Standards Comnitfee on the present
headforms being used in the CSAD-230 motorcyc%é helmet standard. Comments
will also be'put forward on 2 multi-position helmet te§t apparatus,

Figure 3(b) and 3(c), that has been proposed for a revision of the above

standard by Newman (7).

Figure 3(b) Multiposition Mode ?igure 3(c) Multiposition Appara-
Helmet standards can be broken down into five further subareas as tus

seen in Figure 1: headforms, mode of testing, energy input, output
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measurement, and pass fa{l criteria.

(i) 12 MODE OF TESTING

whether a weight from a fixed height is dropped on-a rigid head-
form or a headform is dropped from-a fixed height onto a rigid anvil
depends on phe mode of tes§ing. Both of the above modes are employed
in motorcyc]é helmet performance standards. The first mode described
is typical of the-CSA;DZBO standard, the second mode is used in the
American National Standard Insti;u%e (Aﬁgl) 790.1 motorcycle helmet
performqncé standard. The multiposition mode which has been proposed
by Newman (7) allows for direct impacts to all areas of any helmet

using the multiposition mode apparatus Figure 3(cf

~

(1) 13 THE INPUL_ENERGY

The - energy input refers to the amount of energy a motorcycle helmet
must withstand in a given performance standard. This potential energy
is calculated by multiplying the drop height by the weight of the
falling mass. At present the energy input usually varies between 66

and 90 ft 1bs. According to the particular standard test procedur%.

(1) 14 THE OUTPUT MEASUREMENT

The output acceleration signal is usually generated from an
accelerometer and the force output signal is generated from a; load cell.
There exists a number of methods to record such signals. This study

uses a polaroid photogfaph record in conjunction wi;h?a storage

- oscilloscope.
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b.d

(i) 15 THE PASS FAIL CRITERIA -

This portion of the standard is probably the most 1mporta , for
it determines whgther the helmet attenuated the 1mpact energy as
&1ctated by the standard. .The pass fail criteria of‘accelgration s
usually expressed in péak g's ! and time during which acce]e;gx{bn

in excess of some particular value, The load cell cr1teri$ is
’:Euafly referred to as pounﬁs'or Newtons of transmitted forc.
An in-depth examination of many aspects of the fie]d“;f head

injury that pertain to this study follows in part{ii} of Chapter 1,

1 One g is defined as 32.2 ft sec'2
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PART (11)
(§4) 1 PREVIEW OF -PART (ii). _‘ <

part (i) has introduced the reader to the field of head injury.
Part (11) will discuss the fundamental questions that result from an -,nJ’f*'

investigation of the related literature. °

(§1) 2° 1S PROTECTIVE HEADGEAR FOR MOTORCYCLISTS NECESSARY? ;

Thus far it thHEEEn assumed that the use of motorcycle safety
helmets reduces the chanée and the severity of head injury in motor-

cycle accidents This assumption has been proven to be fact in over

AN

two decades of work by such researchers as‘Chand]er, K.N, and
Thompson, J.K.L. (8). Shields, J.B. (9), Buchanan, L.S., and
Bischoff, D.C. (10) and Severy, D.M. (11).

(1) 3 THE CURRENT MAJOR HELMET STANDARDS ~ ‘

Having established the need for motorcycle safety helmets, the
hgggy]ationﬁbf.these helmets sold on the open market should next be
examined. As mentioned im ?art (i) of the introduction, the he1met
ﬁroduction industry can be maintained at a certa1n level of adequacy
by the enforcement of he]met standard laws. This study has 1nvest1gated
the latest versions of all the major motorcycle safety helmet standards.
These standards are: .

Canada 1. Canadti'Standards Association (CSA D-230)
2. Quebec Standand (BNQ 1923-901)

—
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' US.AC 3. Snell Memorf¥l: Foundation, 1970

4. American National Standards Institute (ANSI‘ZBO 1)
5. Motor VEhicle Safety Standard (MVSS 218)

Kgggggg 6. British Standards 1n§tifut§'(3$1-2001, 1972) ’

International 7. International Organization For Standardization (IS0

R15)1)

A copy of e f these standards can be foupd in Appendix C of
Reference 7. " A summarization of thé impact perfdrmancé‘criteria of .
each standard has been p]aced in Appéndix A, ‘ | .

’?/)Fhe\gﬁandard helmet test procedures are mainly conterned w1th
soprion and dissipation of impact energy by a helmet. It can be

seen that they alsp deal with penetration resistance, harness strength,
y algp deal with pe -

‘water absorption, flammability, cheﬁica] attack, etc. There are also .

1fm1ts for periphera]lvision. A further examination of the standards

produces a number of fundamenta] quest1ons

L4

(i1) 4 THE_FUNDAMENTAL QUESTIONS 'ARISING FROM THE HELMET STANDARDS

1. Is the helmet standard performance test representative of a ,
typ1ca{ helmét impact involved in a motorcycle accident?
2. Does it matter what material a headform is constructed from?
3. Does it matte} what anthropometric headform shape is used?
4, Does it matter if the headform is solid or hollow?
5. Does it matter whether the headform is moving or assumes a

rigid, swing away or multiposition semi rigid mode? T

6. Is 1t necessary to cons1der the mass of the helmet?

AN
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Y

7. Does it matter whether deceleration of the helmeted head-
form, dece1erapion of the striker, time duration of deceleration or
transmitted force of the helmeted headform is measured as outpqt?

8. 1Is the pass fail crit;r1a 1imit pepresentat1ve of known bio-

mechanical data for helmeted humdn beings?

(i) 5 THE SIGNIFICANCE OF THE 8 QUESTIONS

Al

The bic-mechanical data in the eighth queﬁtion refers to the force
or energy required to cause head 1ﬁjury. From extensive research
conducted on this aspect, the Wayne State University (Ngﬁ) Cerebral
Concussion Toierance Curve (12), F1gure 4, has resulted as a widely
accepted tolerance ¢riteria. This data is a result of cadaver fore-
head 1mp$cts on fp*harg\f1at surfaces, and animal tests involving frontal
hammer blow and air bfastﬁ‘to the exposed brain, Cadaver skull fracture
has been assumed to indicate concussion. ‘
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Figure 4, Wayne State University Acceleration-Time Tolerance ‘
: Curve for Forehead Impact to a Hard Flat Surface. -
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.The ordinate o% the.NSU Curve, Figure 4, is an 1nd1cafion of
. head Jinear.acce1eration. Effective (average) Jcceleration 1s_def1ned
as the area ynder the acceleration-time curve of an impact divided by
the time duration of the impact.
The abscissa represents the time durat?on of the impact.
. The figu;e'postu]ates that man can tolerate average accelerations
of about 50 to 60 g in the region of impact exposure above 15 msec,

The curve also indicates that man may be able to withstand greater

I

accelerations for time durations less than 5 msec. Even though the
WSU tolerances curve was bqsed on forehead tests, due to lack of better
data it has bgpn\applied as a tolerance curve for the entire-head.
An élternatizé tolerance limit criterion was proposed by Eiband
(13), Figure 5, but' for reas;ns similar to those described by Versace
.(14) it was never widely accepted, Gadd (15) proposed a third tolerance
criterion based on the WSU curve and Eibaan log-iog plot, Figure 5.
The Gadd criterion is represented by a straight line approximation of
the J;ta plotted in Figure 5. The Gadd Severity Index (GSI') is based
on the argument that head injury severity is related to head accelera-
tion and pulse time duration and canbe expressed mathematically as
\
GSI = Sa“ dt :
where

a = acceleration ' 4
n = weighting factor > 1
t = time, sec
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The weighting factor n was established to be 2.5 based on the *
slope of the straight line in Figure 5. Gadd stated, danger to life
exists, if integration of an acceleration-time pulse, of a human head
model yields a value greater than 1000, .Hodgson, et al. (3 )
gtated that the Gadd severity index should be used in conjunction with

a family of curves, Figure 6.
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Table 3 (HO gson, ¥, ﬁ.. € ﬁ 4 Stapp Car Crash
gqnference, Pg. 181, Ref.

Figure 6.

The curves shown are for uniform accelerations ranging from 12.5 -
400 G and for time durations ranging from 2.0 msec to 60 msec, for
various stopping distance and velocity changes. Superimposed on this

plot is the WSU tolerance curve, Hodgson considered concussion to

g
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occur for any combination of uniform deceleration and time ddration
or velocity change and stopping distance to the right and below theé |
WSU Tolerance Curve, '

Once again, for reasons similar to those stated by Versace (14 )
the Gadd Severity index used either by itself or with Hodgson's curves
has never been widely accepted as a head tolerance criterion that may
be applied fQ the pass fail criteria of a Helmet Standard.

The Gadd severity index has becomg the basis of.yet another
Tolerance Criterion known as the head injury criter{on (HIC). This
criterion proposed by Versace, can be stated mathematically as

ctz 2.5 ' |
£ a dt

HIC = - (t, - t;) %1000

t, - 4y
where

a is resultant head form acceleration expressed in g's
t, and t, are any two points in time which maximize HIC.
1t was proposed to become Fhe pass fail criteria of thgbpepartment
of Transport of the United States for a new Helmet Standard FH¥SS 208
similar to the present Z'90.1 standard. ‘
Because of difficulties in handling the HIC equation amalytically,
without the usé of analog to digital conversion it was cnanged
to the present MVSS 218 Standard. Time duration over a specified ac-
celeration is now the pass fail criter{a as can be seen in Appendix A,
Slattenschek (16) introduced yet another injury criterion that is

now called the Vienna Institute Index (JT1). This criterion is based

%
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on a single degree-of-freedom vibration model,

Assuming critical damping, B =1 Qith two triangular acceleration
pu1ses-determ1ned from the Wayne State Tolerance Curve, the maximum
tolerance displacement X+ 0w = ,092 (2.35 mm) inches was obtained for

rad from the equation:

a natural frequency value of w =635 = o

X+ 28w X+ wix =y (t)
where

x = relative displacement of brain mass to skull

x, X = relative velocity and relative acce]erat;on

» = natural angular frequency of vibration 635 rad/sec
B = viscous damping coefficient at 1.0

y(t) = acceleration pulse measured at the head

The maximum deviation between the model and the Wayne State

Tolerance Curve was observed to be 4.0%

Am amplitude X . whieh eerresponded to the acceleration pulse

analysed was determined from the mode] and compared to the maximum

quantities has been called the J Tolerance Index:

Xmax
g =

/'\
tolerable displacement xto] - .092 inches. The ratio of these 'two - //
r
X B

tolr |

X - maximum X generated by the model for a given acceleration
pulse

Xeolr ~ tolerable amplitude from the Wayne State Tolerance Curve
.092 inches,

<



.- 22 -

t

3

Impacis with J =1 were said to just reach the threshold of hurian
tolerance; J < 1 in the worst caseﬁlcould cause cerebral concussion
without permanent after-effects; J > 1 are conside?ed to be hazardous
to life.

Brinn and Staf%?e]d (17) proposed the effective displacement index
(EDI), This criterion has been succinctly summarized by McElhaney (18).
The EDI criterion was similar to the Vienna Institute model with
changed dampiﬁg and angular frequency. |

A modification of the Vienna Institute model was introduced by
Fan {19). The revised brain model (RBM) like the {JTI) is a single
degree-of-freedom mass-spring-dasﬁsot model of the brain. ﬁcE]haney
has summarized the RBM as follows: “The'v1scous damping coefficient
for this model was estimated from published values of brain material
properties. With an estimated dampﬁng coefficient of 0.4, data from '
the Wayne State Tolerance Curve for long duration impacts,a natural
frequency of 175 rad/sec and the theoretical tolerable brain defOﬁma—

tion (Sd) of 1.25 inches was estimated. A tolerable brain velocity Sv

as then calcuiated_from the-Wayne State Tolerance Curve for short pulse

uration and was found to be 135.3 in/sec.

recommended measure of brain injury poténtia] is x < év for
jmpact pulse durations less than 20 msec and x < S& for pulse dura-
tions greater than 20 msec, as calcu]atéﬁ from the differential equa-
tion of the SlaB}enshek Model with revised coefficients.

McElhaney et al. has’ compared the major criteria with his own

criterion, the mean strain criterion (MSC) which considers the total
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linear acceleration history{o% the head for a §jng1e injury meéhaﬁfﬁﬁf/
McElhaney determined the dynamic structural characteristics of the
skull and brain of rhesus monkeys by measuring the change in mechanical
impedance (force/velocity) with frequency. The model treated the head
and brains as a two mass system coupled by a spring dashpot. -
McElhaney found that the predicted dynamig response of the model
agrged with experimental data. Experimental impacts to the heads of
various size primates showed that the dynamic model postulated on the
basis of vibration studies accurately predicted head-iég%ct'injuries.
It was also found for head impacts of a known magnitude, that the
results- could be grouped by comparing the mean strain {displacement
of one side of the head relative to the other, divided by thé distance
across the cranium) as predicted by the theoretica] mode]l with.{njury
levels. Using the values of predicted strain in the rhe;us monkey
head as a criterion of injury, a tolerance curve, Fiéure 8, was esta-
blished that related average acceleration and time for constant levels

of mean strain.
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(McEThaney, J'H'luﬁt al, Human Impact Response,Pg. 87, Ref. 18)
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The heads of several species of subhuman priﬁﬁtes, squirrel monkeys,
rhesus monkeys, the chimpanzee and the fresh human cadaver were found
to have mechanical impedance characteristics over a broad frequency
‘band (5 to 5000 H, ) which were similar in shape but differed in mass,
stiffness and damping.

These laboratory impacts using maxiﬁum predicted strain as a basis
for injury formed the basis for e;tab}ishing modeling relationships
ihrough which extrapolation to human heads could be made. Tests were
conducted to\i:mpare the MSC to human volunteer and fresh cadaver head

impacts. The results are shown in Figure 9.
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Figure 9
(McElhaney, J.H., et al, Human Impact Response, Pg. 88, Ref. 18)




Thi}ty rhesus monkeys were impacted at frontal, side, crown and
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"4

mid-frontal. The impact levels were increased until autopsy studies '

determined that an estimatﬁd.gg*s{ity of injury (ESI) of a moderate

reversible, closed type, Class 3, was obtained. ' ‘
- 1 - .

The mechanical impedance for five similar monkeys was obtaine&;

Figure 10, for crown, side, occipital, and frontal regions of the head.
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(McElhaney, J.H.,

et al, Human Impact Response, Pg. 88, Ref. 18)
Figure 10

Widely varying accelerations were required to produce an injury

level of 3 in the rhesus monkey, while the corresponding strains were

approximately equal. These results were plotted by McElhaney in the

form of an acceleration surface, Figure 11, and a table, Table 2, for

a strain level of .032 in/in.



Critical acceleration surface for rhesus monkey, injury index - 3.

(McEthaney, J.H., et al, Human Impact Response, Pg. 89, Ref. i8)
Figure 11

Results of Rhesus Monkey Head Impacts and Impedance Tests

Direction Acceleration Puls.c Model Constants Mm.n

of Head (G ,s) Duration - % c - Strain
Impact (msec) 1 2 R
Front, 1800 3.6 051 39,000 1.6 1.1 0.032
Side 1500 28 040 | 33,000 2.1 1.0 0.032
Top 980 * 7.0 030 18.000 12 | 09 | 0.032
Back 1000 34 035 | 20000 2.9 1.1 0.032

(McElhaney, J.H., et al, Human Impact Response, Pg. 89, Ref. 18)
. y

Table 2
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Mct1haney stated: "A sufficient number of impact tesfs»and
driving point impedance measurements.have-not yét been made to verify
a direct gxt:rapo'lation of rhesus monkey data®, | |

McElhaney has shown (Figures 12 and 13} a mechanical impeddnce
comparison between fresh human cadaver heéds and the Sierra and
Alderson headforms. Predicted and measured values of MSC for human

head impacts in the sagital plane are shown in Figure 14(a).
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(McElhaney, J.H., et al, Human Impact Response, Pg, 90, Ref. 18)
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Figure 13

H.S.R.1. Codaver Tests {no skull froctures}:
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Figure 14 (a)

(McElhaney, J.H., et al., Human Impact Response, Pg. 91, Ref. 18)



McEThaney tabulated the results of the comparison of the major

.

.
criteria in Figure 14 (b) and Table 3.-
-
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Figure 14 (b)

(McElhaney, J.H., et al., Human Impact Response, Pg. 94, Ref. 18)

. Summary of Head Injury Indice Comparisons

Acceleration i
Pulse HIC t »
Pulse LD. | Dura- p GSl |Dura- |.Aver. | HIC | JTI REBM | EDI | MSC /"/
. cak . .
tion @) tion | Accel.
(msec)|. (meec)| (g's) (
Sine [0 {100 | 458 78| B3 | 415 0853 - 0.I40 |.0039
Triang 10 | 100 | 286 571 72 | 247 10.691 - 0.118 1.0045 {
Square 10 | 100 | 1000 100! 100 [1000 [1.0206 - 0.172 |.0061

(McEYhaney, J.H., et al., Human Impact Response, Pg. 95, Ref. 18)
Table 3
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The McElhaney Study has shown thatrdrivihg point.ihpedance
indicate the primate head may be modeled by a two-maes system Injony
levels associated with blunt 1mpacts can be related to this syStem,. J
The MSC model shows decreasing tolerance with palse durat:ons 10]k1mes ©
the {esonant period or less. For pulses 1onger, then 10 times the
resonant period with the MSC, EDI, JTI and RBM, a quasi-static response
resu1ts that is unaffected by increasing the pulse durat1on The SI
and HIC indicate that a quasi-static resuit can never hp produced.

McElhaney states "With all simple models of complex phenomena.
extrapolation of model predictions beyond the range of Qalidatioo or
to new situations 15 dangerous and 9hou1d be dore with caution. The
MSC model has been developed for blunt 1mpacts where the amount of
bone and scalp in contact with the impactor approx1mates that loaded
by the coupling ciamp during 1mpedance tests. When the loads are
applied to 1arge*s(it1ons of the head or through the neck, many of the

arguments used jn %he mode] development do not apply. In addition, it

is probable that the injury mechanisms change considerably with these

different types of 1gading and a single mee§an1sm model as are all the
ones discussed in this paper would be inadequate. . . o

The impact data provides bands-ofsreSpdnses The_variation in . .‘fgfﬁ_'

-

these bands is due primarily to the normal 1nherent b1o]og1cal dif-

ferences in cadavers". McElhaney intended that h1s‘1n ormation, "form

part .of a crash device performance specification that will result in a -

human analogue with human-1like responses. The fresh cadaver has no

=~
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muscle tone, however, and the responses reported here represent a‘bounh
on human behavior with joint stiffness somewhat lower than in the ,

-

anesthetized human". -
In summary: with respeét to the fundamental question #8, it can
be said éhat there exists a lack of bio-mechanical data for the entire
head, The existing data is‘not compreheﬁsive‘$nough to be used as a
pass fail cr1teria for helmet. standards.
The 1nab111ty to use the present data as a pass fail criteria -
necessilated an attempt to further substantiate the WSU curve using a -

different approach .\

To further substant1ate the NSU curve, more 11ve human test1ng is
needed. One way of using 11ve test subjects is through the 1nten§\x§

investigation of motorcycle accidents. Hence, the author has taken é;?t

? " in a motorcycle accident invgstigation team in the Ottawa ‘and srx;;ounding ‘
" area during the summers of 1973 and 1974. This accident investigation
© team was headed by Dr. J.A. Newman, Associate Professor of Mechanical
Engineering at re University of Ottawa. éome of ‘the results of this
continuing Fesearch can be found in references (4 and 7). - During '
» these tw0'shmmers. spec1a1 attention was paid to understaﬁ31ng\§he “‘v”/—}\\
role of the motorcycle helmet in the crash dynamics of each motorcycle
accident. Where helmet impacts occurred, an attempt was made to
purchase these helmets from-their owners. Approximate]y 50 helmets
~ kave been accumulated and scrut1n1zed. It was found that study1ng

helmet deformations with the.idea of pyedicting,the accident forces
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led to incdnéﬁusive results ‘as to how much energy the helmet absorbed.
Two conclusions were drawn from this approach. Firstly, there seemed’

“ to be a need to do helmet-headform imp§ct.test1ng with known-quanti-
ties of impact enérgy. The testing would use new helmets identical- to
those involved in each motorcycle accident where a head impact occurred.
By examining deformation of the known impact energies a cross reference
to the crash dynamics and original helmet deformations could be
obtained. The seeond conclusion evolved from the fimst conclusion.
Secondly, to use headfoéms,in an analysis of this type meant that a
great deal more knowledge would have to be dbtained concerning the use
of headforms. More specifically this meant to answer the fundamental

question 8; answers first had to be obtained for questions 2 through

7, involving headforms. Thus again the need to study headforms becomes

appa;ent. Furthermore, the regulatfon of helmet production with helmet
standards only becomes meaningful when the standards use headforms that
have bio-mechanical performance characteristics similar to the human

head: Scalone (20) and.Hodgson (3) also indicate the need for further

headform testing. By answering questions 2-7 and gaining familiarity

with question 8, an answer to question 1 should result.
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CHAPTER 11
PREV/EEEOF CHAPTER 11

(11)
({i parts (i) and (i) of the introduction, the field of head

njury and the fundamental questions of the field were discussed. ~

Cha ter 11 will elaborate on the work done by other researchers with
regard to the questions concerning testing headforms or cadaver heads
These questions deal with the mass, shape, material, mode, and re5ponse
to impact. To assist the reader in following medical terminology,
involving regfons of the skull, a diagram showing these fegions has

been included in Appendix (E).
~J

(11) 2 RELATED HEADFORM AND CADAVER HEAD RESEARCH

Hodgson, Mason and Thomas (21,22) ngeloped a human head model to
evaluate impact attenuat1on properties of football helmets with the
additional applicability te motor vehicle safety tests, The headform

~godel is probably one of tﬁe best approximations to a human head
fﬂ:*‘§EVeloped to date. Unfortunately, one of these models could not be
obtained for this study. The model was molded from self-skinning
urethane foam using silicon rubber molds. To simulate the brain, a

rubber gel material was used. The skull and mandible were overlayed

with a repairab1é=silicon rubber skin. A flexible steel cable, fastenedL;

' to the foramen magnum, gave the silicon rubpér c&]indrica1 neck an
adjustable flexibility, Head response to free fall impact was obtained
using a triaxial accelerometer mounted at the hq&d. centre of gravity

(C of g).

_33_ . /\‘?

=
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Static load-deflection and football helmeted impact tests on the
models and cadaver heads led to one model that compared favourably |
with cadaver tests. The model was said to be, "Rugged repeatable,
and practical to use in situations where either protection is worn on
the head 6r a frangible headform is desired".

Hodgson's study has attempted to prove that, at a fixed drop
height of 48 im. (1.22 m), the headform modef compares_closely with
the cadaver head. The study investigates only oné/g:i;;\§o1id metal
headform at' different drop heights (20 to 55 ins.). The study does not
investigate a number of other headforms currently available. It may
well be that other headforms would compare equally as well for helmet
impact attenuation. -

lodgson states that in the 7 to 10 msec region of time duration,
the effect of the neck plays a minor role. An intereg}qu extension of
this work would investigate the effect of taping the headform and helmet
to the drop frame in the same manner used for the cadaver head tests.
The Hodgson study does offer valuable comparative data.

Stainaker, McElhaney and Roberts (23) compared driving point
impedance (DPI) and transfer point impedance (TPI) of five dummy heads
(Alderson ceramic head, Alderson VIP 50 head, Sierra wooden head, Sierra
1050 head and HSRI prototype head) with freshly embalmed cadaver heads.
These investigators indicaté they chose impedance as the appropriate
dynamic test, "because the stiffened, effective mass and damping of the

dummy's head can be compared directly to that of a human cadaver over a

\»
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wide frequency range". The investigation used an é]ectrodynamic.shaker
attdched successively to the parietal, frontal and occipital regions of
headforms of dummies and heads of Tadavers. These essentially quasi
static tests were carried out for a range of pe&k acce1eration§ of-
(5-20) g's for frequencies of 30 to 5000 Hz, The results of this in-
vestigatioﬁ is more suited to the dynamic behaviour of heads on dummi es
used in vehiclergrash simulation. The tests do not attempt to predict
the pérformance of helmeted headforms involved in impact teéts.

Hubbard and MclLeod (24), déscribed the design and development of
a crash test dummy head. In this‘work the headforms were dropped
without helmets onto a flat anvil, for impact evaluation. The results
of the impacts were compared with biomechanical data established by

Hodgson et al (21) for cadaver head drop tests. The results were

found to be within the 225-275 g range set down by the Hodgson investi-

gat{on for a 14.8" drop height. This work does not examine their test
headform for drop heights between 1.0-2.5m with helmets or with other
surfaces. This testing could not have been done with the set-up as it
was described. The set-up dr0ppgg just the headform from 14.8". For
heights greater than 14.8" the rotation of the headform before impact
would become significant.

This paper (24) considers the effect of the neck. Hubbard and
McLeod point out that Hodgson found the neck had 1ittle effect on the
response of thé head when whole ;adavefs were dropped onto frontal

regions of the head, This is one reason why the Hubbard and McLeod
’ »
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investigation did not use any portion of éfggbkhnn«their model .,
Nahum, Gatts, Gadd énd Danforth (25} iﬂ§estigated the forces

required for cadaver skull fracture under localized loading, They

found clinically significdnt fractures that appeared independent of

impulse duration occurring at: v
AY
Frontal Area 1100 1bs
Temporparietal Area 550 1bs
g Zygomatic 225 1bs . .

The Nahum et al. study found no difference dﬁe to embalming for the - .
above areas impacted using cadavers embalﬁed for up fo one year, Thé<:
stuly also found the cadaver neck to play a minor role at impact when
the occipital region was supported by soft foam rubber pad of 4-5 inches.

The Nahum study compared force at the impact site with acceleration
from an occipital mounted accelerometer. They found the g reading
higher than the (F = ma) relation would indicate. However, when they
used a rigid metal block for the head, there was agreement within a few
percent.

The;Nahum study found that the sex of the test subject wa; the most
important variable they observed. The test values of the female subjects
were found Eg be consistently at the lower end of the tolerance scale.
This suggests tbdt the female cadaver head is not as rigid or stiff as
the male cadaver head.

The abové paper will provide useful comparitive data for the cadaver
head impact tests and data for calibration comparison of load cell and

accelerometer for Newton's second law relationship {F =ma).
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In the work mentioned, none of the investigation has offered
comprehensive testing and evaluation to answer the posed fundamental
questions concerning headforms. ‘ '

Therefore, it is the object of this thesis to énswer these
questions, in an.,attempt' to prove or disprove the null hypothesis: that
it does not matter what heggiggm- embination of shape, mass, material

or mode of testing is used for helmet standards.

Ll




- CHAPTER 111

II1I-1 PREVIEW OF CHAPTER III’ : ﬁ\\\~ﬁa ’
Having examined other investigators' work reg’?ding headforms, the

pjlition was reached enabling development of tests to provide answers

to the headform questions that will prove or dispfove the previously

mentioned null hypothesis.

I11-2 RATIONALE FOR DESIGN AND CHOICE OF BASIC EQUIPMENT

It was decided that a test apparatus would be set up to provide
experience in problems €§soc{ated with testing of the various helmet
standards. The design criteria of this apparatﬁs,was as follows:

(1) The apparatus must test CSA Z90.1, BNQ, MVSS 218,

Snell, and be adaptable in future for the 1S0, and
BSI-2001 standards. -

(2) The apparatus must fit within the bounds of_ an eleven

foot ceiling height.

{3) The. instrumentation must also be flexible enough to be
n used for a1l of the above standards.
(4) The apparatus should also be adaptable for impact testing
of various materiéls.- i
The following design, Figure 15 and Figure 15, was chosen on the
basis of cost, accessibility, easee\of maintenance, vibrational consi-

de$ggions, ease of construction, and the design criteria previously

mentioned.

7
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The appafatus‘as shown in Figures 15 and 16 consists of a drop |
frame that when released by a so]énoid bolt action, falls downwards.
The paiﬁ of fall is guided by the guide wires. To reduge friction
between the guide wires and the drop frame, nylon bushings were used.
Thus if the frictional forces are small, essentially free fall
conditions will exist.

The falling striker impacts the test object secured to the anvil
that is in turn bolted to the floor.

In Figure 15 some of the recording equipment used to monitor

the output signals is also shown.

" Test Apparatus and Recording Equipment

¢

Figure 15
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- Original drop apparatus
See Figure 15 and 22

To Winch

7777§£5t— y
//H/
Figure 16
Ly :
{
To comply with the CSA <tandard, an Endevco load cell Model
#2106E, Appendix C, was obtained. To accommodate acceleration re-

quirements qf the remaining standards, an Endevco accelerometer

~

Wel #2275 MI5, Appendix D, was acquired.
The load cell Wwas mounted to a 2" hot rolled ﬁteel plate,

Figures.17, 18 and 13, by a high tensile one-half inch steel bolt,
.torqued to a specified 70° ft. 1bs. The load cell, as can be seen,
wa§ torqued between'twq flat, ground surfaces. The bottom plate was
mounted to the floor-by four lag bolts encased in lead anchors. To
minimize interface problemi between the cement floor and the bottom
plate, a 1/8" lead sheet was used. The upper surface of the top

mounting plate was a}go a ground surface to minimize interface problems.
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Eigure 17

Position of Load Cell
on Bottom Plate.,

Figuré 18

Top'Mounting Plate
Torqued to Bottom Plate.

/-

Figure 19

Front view Showing Top

Mounting Plate Supgorted
only by the Loadce 1.
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Three grgggd plates, Figure 20, to be bolted to the mounting
s plate ‘were aiso machined. One plate is merely a flat plate, the
second plate is a flat plate with a hole to accommodate the hemispherical
anvil of thg Z90.1 standard. The third plate has been fabr1cated to be

‘ *
used with/the modular elastomer programmer (MEP) calibration pad. -

The Three Impact plates which were fastened to the top Mounting Plate.
N Figure 20

K\, To release the drop frame, a solenoid release mechanism was

contrived and fabripated; Figure 2] i1lustrates this feature.

* The comparison between the force-time traces of the load cell and

of the accelerometer was made with the aid of an American elastic energy
absorber known as the Modular Elastomer Programmer (MEP}. It consists
of a rubber-1ike material 152 mm in diameter and 19 mm thick at its
periphery, rising to a ma imum thickness of 25 mm at its centre. The
material is bonded to a metal base plate. syccessive blows of the same

initial conditions producé“FaKeatab1e force-time and acceleration-time
curves.



Solenoid Drop Release

Figure 21

This release mechanism has one s1ight fault. An activation of the

solenoid produces a side thrust in the X-direction.

The accelerometer and load cell signals were relayed to 3 2-channel

The oscilloscope has provisions
roid

- model 5103N Tektronix oscilloscope.

for either internal or external triggering for storage and pola

recording.
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A drop frame, Figure 22, was built for preliminary test purposes.
The frame had the accelerometer torqued to the factory specification
of 18 in 1b. and positioned to.ceincide with the Z-axis of the load
cell, and the plane of the guide wires, Figure 16, The dfop frame,

Figure 22, also had a variable weight capability by adding or subtracting

0.5 kg bars. : b
o

# e

preliminary Drop Frame-ahd Additional Weights
Figure 22

A flat impact surface was Chosen on the basis that it most closely

approximated the majority of surfaces jmpacted by helmets during accidents.
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(I11) 3 PRELIMINARY TESTING ; o

With the drop apparatus shown in Figure 16, a number of tests
were'carried out jmpacting various materials between the flat plate,
ﬁigure 20, and the drop frame plate, Figure 22. .

| The.fo110wing_prob1ems were encountered:

(1} The input impedance‘of the oscilloscope was not sufficient
to mainta%n the charge on the load cell and accelerometer
after impact. '

(2) There seemed 10O be an inconsistent D.C. offset following
peak acceleration for the accelerometer signal.

(3) The drop frame,'Figure 22, resonated badly upon impacting
any cemi-rigid or rigid material, making the accelerometer
trace useless.

(4) The base plate was not flat by 1/8 4n. in 12 jns. for the

Xx-direction shown in Figure 23. ‘

* A and B are guide wires
y See Figure 15 and 16

Figure 23
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(2)

(3)
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The internal trigger of the oscilloscope could not
trigger soon enough to shbw the important initial
slope of the acceleration wave form.
The solenoid on the drop release prematurely.triggered
both the internal and external trigger of the oscil]osc;pe.
The guide wires could not be put into sufficient tension
to overcome the bending moments associated with impacts

that do not have zero tangential slope with the highest

point of a headform or helmeted headform and the impactor. /)

‘Each of the Problems 1-7 were solved in the following manner:

Two Bruel and Kjaer amplifiers were used, one with a
fixed gain of unity for the accelerometer and the seoégai '
with a gain of - 100 for the load cell. The 3000 mg

input impedance of the amplifiers was ‘adequate in preserving ‘

the charge/sn the two crystal type transducers.

It was found that this offset phenomenon was due to an

improperly grounded accelerometer case. The case was

grounded and the apparent offset disappean€ed.

Due to the resonant effects of the drop frame, Figure 22, the ~
apparatus was discarded. It was then decided to use the \—’,/) .
drop frame of the 790.1 standard with its ball and sockef‘

apparatus in conjunction with aluminium discs of different

weights. Four aluminium discs, Figures 24 and 25, were

fabricated. From left to right they are:
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The Four Impactors Used with fhe 790.1 Drop Frame

Figure 24 Figure 2b

(1) A disc to be used withthe modular elastomer programmer 4
(MEP) calibration pad; t total weight of disc and MEP

: 1; 5 kg (11.02 1b)
(2) A5 kg {11.02 1b) disc wity'a hemispherical surface.

(3) AS5Kkg (11.02 1b) disg with a flat surface.

(4) A 10 1b (4.54 kg) disc\with a flat surface.
Note: The aluminium disc material was low resonance magnesium alloy
from a casf aluminium ingot (magnifluxed by Alcan of Kingston).
The new drop apparatus can be seen in Figure 26 in the CSA
" configuration, and in Fiéure 27 the drop frame is shown in its

original 790.1 set-up with the hemispherical anvil in place.



C§A Motorcycle Helmet Standard ANSI 790.1 Motorcycle Helmet Standard
Test Mode Figure 26 Figure 27 Test Mode

(4) To compensate for the non-uniform flatness of the cement

floor under the base piate, the lower surface of the base
plate was milled accordingly.
(5) By modifying a light sensitive photo-electric cell developed by
Mr. James Kho, a height adjustablé mechanical.external
trigger, Figure-28, for the accelerometer and load cell

signals on the oscilloscope was achieved.
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Photo cell Triggering Mechanism
Figure 28

)
& ]

———

(6) Aluminum foil was wrapped around the solenoid to shield

the oscilloscope from the electromagnetic fields produced ///f/}J

by the solenoid. ‘

(7) The guide wires were replaced with 1/4 inch stainless '

steel bar stock. When these guide bars were placed in {

tension the necessary stiffness was achieved.

s

(IiI) 4 HEADFORMS OBTAINED‘FOR TESTING

Seven types of headforms were obtained for testing purposes. Six

of these types are shown in Figures 29 and 30.
e §
-
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Headforms with'stee1 necks
Figure 29 Figure 30

From left to right, the headform in the top left is a thin
cast aluminum headform with a wall thickness of approximately
5/16 inches. " This headform was cast at a local casting firm
from a plastic 50th\percepti1e patterﬁ.

The second headform on the top is a 290.1 headform with

jts ball and socket joint shown in Figuré 31.

)

\

790.1 Headform showing
ball and socket
joint with steel
neck.

. Figure 31 ~
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(3) The third headform is a thick cast aluminum headform with
" wall a thickness over 1.0 in, This headform was also cast
at local caéting works from a polystyreﬁe pattern.

(4) The fourtﬁ headform with the protective skin is a Sierra
crash dummy head (Model #292-1650), with a cast aluminum
ckull beneath the 5/16 in. silicon rubber skin. The Sierra
headform has a removable occipital region, Figure 32, for

mounting a triaxial accelerometer block and fastening a neck.

d - | /

g

) o

Sierra headform with

removable occipital
cover,. -

Figure 32

(5) Ippffirst two headforms in the bottom left are the CSA
wooden large and small headforms. A CSA headform s about to be
impacted on the brow region, Figure 334 with a flat striking

"surface.
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CSA mode shown without helmet N
e « Figure 33

The last two headforms in tﬁé bottom right are the large
and small CSA plastic headforms used in the hockey helmet
standard. (CSA-Z 262.1)

The seventh headform, Figure 34, is a spherical shaped

wooden headform obtained to compare impact results with

Jehu {26).
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Spherical Wooden Headform
* Figure 34

(111) 5 DESIGN OF TESTS AND APPARATUS FOR HEADFORM AND CADAVER
RESPONSE EVALUATION

[t was evident from the work of other investigators, that
testing should be closely linked with the human element. For this
reason, a0 agreeméﬁt was reached to work jointly with the University
of Ottawa Department of Anatomy in the Faculty of Medicine, develeping

techniques to test cadaver heads.

(I11) 5 (i) NECK DISCUSSION ,

It was decided to test the headforms in a fixed mode. The fixed
mode represents the worst accident situation. This situation could

exist when the powerfu] neck muscles become tense before an expected




{
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head impact. The fixed mode'ce;sisted of crown-impacfs to headforms
.‘that were securely bolted to the m&untipg plate using the steel necks
shown in Figures 29 to 34. ‘ )
Hodgson (20) 111ustrated with Cadavers that neck loading was not o ~
observed unt11 a number of m1111secohds after peak accelerat1on of
the head. Th1s fact has never been proven to be E;gg\or false with
1ive humans expecting a head impact Y%t the absence of neck 1nJur1es
for the motorcycle accident studies’réference (4,7) seems to add
further evidehce that the neck plays a minor role during head impacts.
Whether neck injuries do not happén because the neck is not an imporﬁant
factor or because the-neck is one of the body's larger, stronger and
most used muscle groups that is abie_to tolerate head impacts is still
open to question. If the neck muscles are stiff, the effective mass

of the impacting body would increase from the 10 to 11 1bs of the head

to some greater port1on of the body weight. Because the greater ef-

fective mass increases the impact energy, the accident dynamics with
respect to the head are worsened. ‘

A secondary reason for using a fixed neck on the headforms, stems
from the difficulties associated with measuring and repeating the stif-
fness with variable stiffnesssneck models. It was also foreseen that
variable stiffness necks in the mu}tiposition mode could c:eate even
more formidable probiems. A

Using a rigid neck, would, howefer, create proB]ems'Qith trying

to attach a neck of this sort to the cadaver head. Consultations
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T owith Mr, Michae] immons and*Mr. Robert Grenier from the University of
Ottawa Department of Anatomy led to a solution to this probiém. By "
using a Canus -32 type resin, deve1oped 1n work with the medical
. school and canus supply, a steel neck was mounted be]ow the first and
second neck vertebrae -- the atlas and- axis respectively. To assist
the reader, a photo copy of these two vertebrae has been piaced in
Appendix E."A1so a copy of the mechanical properties of C-32 Canus .
resin has been submitted in Appendix . A more detailed discussion of .
the attachments of steel necks to the caeaver heads for the fixed and
multiposition modes\has neen left to Appendix G.

Knowing that cadaver heads could Be mounted in both the fixed and
mu]tipdsition modes, the straightforward mounting of necks to existing -
headforms was undertaken. |

Cold rolled, m11d steel necks were de51gned and fabricated, as

shown in Figures 24 through 34. Another similar steel neck was devised ‘

for tne thick cast aluminum headform, Figures 28. Four other steel
necks were constructed for the cadaver heads: two for the fixed mode
end_two for the multiposition mode. v

The necks in the fixed mode were to be bolted to the mounting plate,
Figures 10 and 11, by the second flat plate, Figure 12. This flat plate
would not ai?ow the headform to be move%\eccentrica]]y, to insure the
impact striker had zero tangential slope at the h{ghest point of a
headform or helmeted headform. Thus a fourth slotted flat plate,
Figuré 36, was designed and fabricated so that the above zero tangential

slope requirements could be met.



Slotted Elat Plate with Headform Bolted in Position

Figure 36

111 5 (1f) QUESTION OF COMPARISON FOR OUTPUT SIGNAL

As mentioned previously, both acceleration and transmitted force

could be examined simultaneously. The significant question is what part
if not all of the generated acceleration and force wave forms should be
used for comparative purposes in the analysis of headform tests. fFrom
preliminary testing 1t was.noted that the shape of the acceleration
prof11es'was quite similar for the headforms tested with and without ,
nelmets. However, force wave forms did not compare with the same degree
of similarity, It was felt that a wave form comparison could provide

significant jnformation, but the difficulty in doing so made it bé}ond :
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the scope of this study. Hence, it was decided to take the more
ﬁustomary path and consider the acceleration and force peaks ,orﬁy.
The 1ink between acceleration and force can be achieved by multiplying
the peak deceleration of the striker by the mass of the striker. A force
1"esu1ts that is in accordance with Newton's second law. This force is

equal to peak transmitted force. Stated mathematically,

*
apHs - (FT) b
where

ap {s the peak acceleration

Ms is the mass of the striker

(FT)p {s the peak transmitted force

Peak acceleration an_d peak transmitted force are both easily discernible

from the polaroid traces, Figure 37. Other means of comparison using time

durations are more difficult to define. This difficulty is experienced 1

after peak and peak acceleration occur.

* This equation assumes Newtonian mechanics 1s valid.
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Headform Test Without Helmet

Figure 37(A)

Figure 37(B) points out the difficulty of finding the time duration

of load cell trace.

Headform Test
With Helmet

Figure 37(B)
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" The accelerameter in certain cases of he1ﬁeted headform testing

can present similar problems in discerning time durations.
It was found that vibrational induced noise on the trace due to

ynterface problems usually did not occur until after peak readings.
This means that the most reliable pact of the curve is from time t =20
to the peaks. or shortly there}f%er.

‘ Thg preliminary ;esting y1e1d plots of (FT)p and (apMS) against —
drop height. These plots yielded smooth curves through the points for
impacts at varié:s drop heights. This observation indicated that
choosing the peak acceleration and transmitted force for comparative

. purposes was a sound choice.

111 5 (iii) STANDARD DISTANCES

Since the distance between ceiling and floor at the test rig
Jocation limited the range of drop heights, a range of 0.25 to 2.50 meters
was chosen. A set of ten mild steél\rods to cover this range and a stand

to accommodate them, Figure 41, were fabricated.

' ' -
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Figure 41

\

Drop He}ﬁh;\Positioning
Rods (0.25 m’~ 2.5 m)

. 111 5 {iv) HELMET POSITIONING INDEX (HPI)

The last problem before proposing a battef

dev

and cadaver heads,

elop a consistent means of positioning the helmets on

j of tests was to

the headforms

"




el - .

Three display headforms, Figure 42, (the largest is the 95th
percentile, the middle is the 50th percentile and the smallest is the

5th percentile) uere positioned such that their basic plane ) were

]

Figure 42 "Display Headforms

parallel with the reference table surface. Once the headforms were ‘

positioned properly using shims, a line was drawn on the headforms with

the Vernier height gauge that indicated the basic planes. The Vernier
height gauge then measured the distance (Z), Figure 43, between the

zero slope tangentia]apoﬁnt of crown and the basic plane.

—

1 The basic plane is a plane on which the external ear openings and the
Jower floor of the eye orbitals lie.
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Distance Z Between Basic Plane and Crown

Figure 43

The values of 1 for all three headforms were recorded.

A reference heimet as in Figure 44 was placed on each headform

and positioned according to the manner in which the helmet is usually

worn.
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Measuring HPI With Vernier Height Gauge,
' Figure 44

The distance (HPI) between the brow opening and basic plane,

" Figure 45, was measured and recorded. These distancé; ~Z and HPI

were plotted on a graph as in Graph 1 for the three reference headforms,.
and it was noted that a straight line was obtained. This straight line
jndicated that the visual guesses at positioning'the helmet on the head-
forms were accurate. Using this straight Iine,'the distance 1 was

measured for all the remaining headforms and plotted to find the HPI
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HPI \\\\

HPI Relative to a Display Headform

Figure 45

distance. These distances are shown in Table 4. The HP1 distances

erﬁhngpt]y on each headform so that the height positioning

, could quickly establish the correct

were marked p
stand and level, Figures 46 and 47

helmet positioning index for each helmet tested.
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)]
Figure 46

Helmet Positioning
Apparatus with
Reference Headform

Helmet Posi-
tioning with
790.1 Headform

Figure 47
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TABLE 4

Headform Z {in) HP1 (in)
1. 790.1 H.F. 4.950 2.100
2. Cast al. ref. H.F. 5.670 3.106
3. Ref H.F. (L) 95th 5,363  2.680
4. Ref H.F. (M) 50th 5158 2.390"
5> Ref H.F. (S) 5th 4.900 2.050
6. Sierra 4.710 1.800
7. Cast al. H.F. thin 5.807 2.300
8. CSA-W-L-C 5,512 2.890
9. CSA-W-S-C 5.147 2.475
10. CSA-P-L 5.354 2.675
11. CSA-P-S 4.961 2.130
12. Cast al. H.F. thick 5.197 2.475
13. Sp. wooden H.F. 4.880 2.000
. b4
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The same helmet positioning index was also used for the cadaver. tests. T

~

111 5 (v) BATTERY OF TESTS ‘ .

The testing that was to follow equipment ca]ibration was divided -
into nine phases. The description of theSe phases are as follows:

Phase (i) This phase consisted of tests to all the hea&forms in
Figures 29 through 34. The tests were conducted 1n the fixed mode by
dropping the 5 kg MEP striker ongq the headforms. The headforms were
rigidly attached'to the slotted mounting plate. The acceleration and
transmitted forces were recgrde? for droﬂ heights of 0.25 to 2.50 meterél
(by increments of .25 m). Péak}accelerations were plotted against drop
heights for comparitive purposes. The purpose of the phase (i) tests

is to gain some repeatable comparitive baseliﬁé for which the helmeted

headform tests can be compared o _
Phase (ii) The headforms were tested .in the same manner as Phase (i),

except helmets (using the helmet positioning index) were placed on each

headform before impact. The impactor was the 5 kg (11.02 1b) flat ‘

striker. Throughout all the heimet tests the same .polycarbonate outer-
shell was used. For each impact a different polystyrene liner was '
inserted in the outershell. The preliminary testing showed no notice-
able effect between an outer shell impacted 50 timés and‘a new outer
shell. Seven.polycarbonate outer shells and 50" liners with comfort
padding were obtained, all the liners being of the game size, density

and batch. The purpose of the Phase (ii) tests is to compare the

performances of the helmeted headforms with each other as well as the

- ) ‘\

’

i<
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tests using no heimets and the MEP.

ase (ii1) . This phase tested two cadaver heads with helmets as .
in Phase (i1). “With.this phase of testing, the headforms could be N
compared to the human e]ement. ' L .

Phase fiv[ This phase consisted of one series of tests to the
first of the above cadaver heads without helmets us#ag the MEP ca11- .
bration pad and a second series of tests to the second of. the above
'cadaver heads mthout heimets using%s kg(flat) striker. In both-

ases, testing was discontinued at the time of skull fracture.

Phase (v) This phase tested two headforms in the mu1t1posit1on
mode using the MEP. The tests were conducted in four locations,
(lj occipital, (2) parietal right side, (3) frontal and (4) parietal
left side. Tﬁe_two headforms were chosen on the basis of the results

’

from the first four phases of.tests. - -

. e

_Again; these tests would establish a comparitive baseline for the

helmeted headform tests us1ng the mu1t1pos1t1on mode. :
= ' Phase gvil This phase tested the same two headforms in the multi-
position mode with helmets using the 5 kg (11 02 1b) flat str1ker.

hase (vii} The seventh phase tested two cadaver heads _in the
multiposition made using helmets as in ‘Phase {vi), ustng the 5 kg (11.02

. ! i ‘
1b) flat striker. - . ’ . ’/

- Phase (viti)_ The eighth phase tested the above two: cadaver heads

in the multiposttton mode without helmets. Test1ng was stopped when

hY

‘skull fractufe occurred. The tests were conducted on the frodtal

) S : | e T
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region for a further comparison with Hodgson (17i. The S:kg flat .

| 1mpactor was used for these tests. ‘ -
hase gix! The ninth phase consisted of further calibration tests
1nc1uding tests with other testing facilities in the United States and
- Canada., These calibratfon tests_were performed to compare the univer-

sity test facility with other testing houses.
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CHAPTER IV <

IV 1 PREVIEW OF CHAPTER IV

Chapter IV contains the calibration description with sample calcu-
lations for the Sccelerometer and load cell. This chapter also compares

thé calibration tests with those of dehu (27).

IV 2 CALIBRATION TESTS .

Accelerometers are usually factory cifsgrated using an electro-

dynamic shaker. The shaker available to this study was not functioning

‘when needéd, so an alternative method was undertaken, namely ‘calibration

by comparison'. Levy'gnﬂ‘Bickford (26) suggést calibration by comparison
be done with an accelerometer designated as a standard. Unfortunately,
an accelerometer so designated could not be obtained. Hence, the Endevco
Accelerometer was calibrated against f1Ve other Bruel and Kjaer (B & K)
accelerometers using the 5 kg MEP striker falling on the hemispherical
anvil of 790.1 standard. This particular mode was Fhosen because it
could be compared to similar calibration work carried out by Jehu (27).
Jehu dropped the 5 kg hemispherical surface onto the MEP. In both cases,
the calibration drop height was 2.0 meféis. The ,MEP pad used by Jehu was
of green code so its démp1ng characteristics should have been comparable
to the-University of Ottawa MEP. The accé1erometers were tested at position .
G of the 5 kg MEP striker, Figure 48. _In Figure 49, the Endevco accelero-.
meter can be seen on the left of the 5 kg MEP striker with the sub-miniature
B & K accelerometer on the right. peak accelerations of the acce1éromgtbrs
were measured ffor calibration comﬁar1son. The first attempt to calibrate

.

the accelerometers was unsuccessful. Three of the factory
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Accelerometer Positions

Figure 48 ¢

Endevco and
B & K
Accelerometers

. Figure 49




specifled sensitivities of the B & K accelerometers were in error.
Second]y, the factory specifications of all the sensitivities d1d not
account for an increase in capacitance of a 1onger output cable, and
the capacitance of.the ampiifiers.

The accelerometers used were: (1) to (6) ’

!

TABLE -5

X Factory c Calculated
Accel, # , sensitivity Q(Ea) Cp + Ctg ) E=sensitivity
1. B&K 399528  3.29mv  3.73 1133 3.29 mv

9 g

2. B&K 399536 2.29 3.67 115 3.29
3. B&K 399517 3.45 3.95 1144 3.49
4. B &K 399510 3.23 3.66 1133 3.26

. 5. Endevco

o7 1ANo0  AAIZ 4.575 1.6 2545 4,575

6. B &K : :
4339 293229 9.%ir . 10.78 ]?g;\\\\ 9.83

The factory measures the charge sensitivity (Q) amd _calculates the voltage

o

sensitivity by the following equation: .~

£ =—2__ x 1000 (2)
o e, . : .

-where € + C
P t

is the transducer capacitance () -
plus the cable capacitance (Ct)
in pico farads.

-
i . ﬁ.
.
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This calculation was performed for each of the accelerometé?s'as seen
in Table 5.‘}Acce1erometers (3) and (4) were slightly in error with
accelerometer (2) being 28% in error.

The 4-foot, 107 pF factory cable supp11ed with each B & K accelero-
mete; was not long enough. A 10-foot cable with a capacitance of 306 pF
was used for the B & K 4339 #6 and additional 110 pF cables were added
| to the subminiature B & K accelerometers #1 - 4. The calculations
using the additional cable capacitance and the capacitance of the

amplifier were calculated as in Table 5, using E -trjlr—- x 1000.

Total
These new sensitivities are sngwn in Table 6.
« TABLE 6
C C c_ X £ = —3— x 1000
#‘ p t amp Total Crotal
107 mv'
1. 1026 110 14 pF 1257 pF 2.7 ™
, 7 PF ¢ .9
107 ' ' .
2. 1008 110 14 1234 2.96
217
3. 1037 306 14 1281 ‘ 3.08 \
107 . ‘
4, 1026 110 14 ]?57 *2.:91
5. 2239 306 14 $ 2559 - 4.54
6. 988 « 306 14 1408 8.34_9-;1 .
. ' 7 e
where C_ 1is the transducer éapagftance//

‘ p - M"l
Ct is the. cable capacitance - . .

Camp s the amp11jjet cgpcitance .
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With the new sensit1v1t1es,-the tests with MEP at 2.0‘me£ers falling .‘
on the hemispherical anvil, were carried out with peak accelerations
being recorded. Two drops were made for each accelerometer teséed.

The results can be seen in Table 7.

TABLE 7
Accel. # Divisions - 5 Divisions a
Accel. o Load Cell P
1. AED =2.40 div. LCD= 2.2 div. 403 g
ASF = .50 Y/div. LSF = .1 w/div.
2.40 2.2 403
¢ '
2. 2.45 22 - 413
2.45 2.2 413
3. 2.6 \ 2.2 421
26 2.2 421
a. 2.35 2.2 403
2.35 2.2 403
5. “\ 3.75 2.2 413
j \\‘§.75 - 2.2 413
6.~ 6.8 2.2 408 .\
.“;: v
% 6.8 2.2 408 Q‘*-\\#,
—% - -
3.8 2.2 418
_
|
L4



Sample Calculation - For Acc }eration #5

H=2.00m = drop height

AEP = 3.75 division = Accelerometer (Endevco) Divisions
ASF = 0.5 vo]ts)division = Accelerometer Scale Factor
LCD = 2.2 division = Load Cell Divisions

LSF = 0.1 volts/division = Load Cell Scale Factor

s . yV 1
Sensitivity A = 3.75 div x 0.5 X
; div " 4 54 x 0 7

| =

= 412.99 g's
AED and LCD - are the divisions read from lhe oscilloscope -
trace for the accelerometer and.load cell channels.
ASF and LSF - are the scale factor values of the above divisions

for each ;hanne] in volts/division.

The average peak acceleration is 411.29 g, Jehu had 408\9'5 yith
¢imilar MEP pad from the same drop héightf .The sensitivity of the Endevco
#5 qﬁce]erometer that yields 411 g's 1s 4.63 E% as compared to‘the
calculated 4.54 m%u : ,

Tests were carried out at other drop heights using the ney sensi-

tivity to compare with Jehu's results listed in Tab1e 8.
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TABLE 8
Jehu Webster N
Drop Heignt a '
PR P % %
ﬁ%& ' 2 readings
2/.5/1!\/) 484 \
}L@ m 411
ve
1.5 m 329
9
1.0m 242

The completion of calibration tests/for the accelerometer ied to
[ ]

the calibration qf the Endevco load ceYl. The decision was made to

. calibrate the load cell in a more "vidlent" impact than the “soft"

jmpact of the MEP falling on the hemispherical striker. The 5 kg MEP
ca1ibration.pad_fal1ing og‘the flat plate was chosen to calibrate the
load cell f;om drop heights of (.25 to 2.25) meters.

The.new theoretical sensitivities of the load cell were also
calculated.

c @ 1000 Hz. = (C, + C¢ Camp! PP

Total

= (5034(@ 1000 Hz) + 304 + 14)

. - 5352 pF
Q = 24.4 % "
Q. 1000 - 24:4 x 1000 _ 4 56 O
E Ct X 1000 ——W—— 4.56 TB
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. . ) . . ' ] ’ _\
2 o . . ‘.
CTota] @ 100 Hz = (5359 (@ 100 Hz) + 304 + 14) pF

- 5667 pF = *

C

‘ Q 2404%5
- Q ' - 24.4 x 1000 _ 4 2y MV
E Ct x 1000 667 4.3 T

~

As mentioned previously, peak transmitted force can be compared
to peak acceleration by Newton's second jaw. The drop frame, striker
and accelerometer were weighed and found to be 5.0 kg {11.02 1b).
The 5.0 kg. MEP was dropped onto the flat plate for drop heights
of 2.50 m to 0.25 m. In each case péak acceleration and peak tr?ns-
mitted force were recorded from the oscilloscope trace. The accelera- -
tions were mu1tip1%ed by the weight of the falling mass to determine )

(Ma)p in Table 9. This value was then compared to the load cell

trace to establishlﬁhat sensitivity in mv/1b would yield a peak load

cell force (F]c) equal to (Ma)p. The results for these calibration
tests are shown in Table 9 where an average sensitivity of 4,66 mv/1b

resulted.
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TABLE 9
Iritial Loadcell Calibration For Random Drop qé1ghts.

\

h ' R A : SENSITIVITY

e e LoADCELL (*Y)

(METERS) (g's) : _ 16
2.00M 1101.5 - 12,138.7 4,61
1.75 993,52 10,948.6 4,61
1.50 885.5 ©9,759.1 4.66
1.25 755.9 8,330, 1 4,68
1.00 626.3 6,902.0 4.70
0.75 496.8 5,474,0 4,70
0.50 356 .4 3,927.0 5.00
0.25 199.8 2,202.0 5,22

AVERAGE 4.772 %% ‘
'
8 B
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'CHAPTER V

V 1 PREVIEW OF CHAPTER V

Chapter V describes the'f1r§f4gftempt to conduct the Phase (i) tests
and the problems encountered. The solutions to these d1ff1cﬁ1t1es ®
allowed Phasel(1) tests to be restarted. The remainder of the chapter
briefly descr1besfthe procedure used for tests of Phases (i1) to (ix).

Following the description of each test phase a table 1isting the tests
of that phase has.been included. ' ’

y 2 TESTING - (1}

| A battery of Phase (1) éests were carried out on all the headforms.
Polaroid photographs were taken and graphs were plotted for peak trans-
m1tted force and peak acceleration J’ainst drop height. Periodiéal re-
calibration checks indicated that the sensitivity of the Yoad cell was
gradually increasing from its original sensitivity of 4.772 mv/1b.
Eventually, the sensitivity change reached a value that could not be
tolerated and the testing was stopped.

It was found that the lead anchors enca§1ng the lag bolts for the
bottom plate were creeping. ‘

Truncated pyramid-shaped holes were chipped by hand in the concrete
floor, Fjgure 50, 5/8" threaded rod combinations with ends sp11t jammed
nuts and flat washerslyqye"cemented into the floor with cement‘fondue,

F1guré 51.

g . | ¢
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7

Truncated Pyramid Shaped Holes
Figure 50

Figure 51 (Bottom Plate with Bolted Studs} - ~
The quick-setting high strength cement fondue enabled testiﬁg to

resume one week _after pouring.

y-3 RECALIBRATION

The load cell was again calibrated against the accelerometer and

4 o . .
a new sensitivity observed. Table 10 shows the resuiting average

sensitivity of 4.776 Jp for the load cell.

bl '
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. | TABLE 10
Loadcell Calibration For Random Drop Heights

Test #31, K\ " Kg'\ :

™ l'
h | . £
B - Mg SENSITIVITY  » = ™,
(METERS) (g's) 1bs’, LOADCELL '
.‘ rd —
2.50 - 1,360.7  ° 14,994.8 car -
. A
2,00 1,123.1  12,376.7 - AT2 |
150 % o 905.0 9,972.7 = 4817 ’
1.00 " 647.9 7,140.3 “4.76 .

0.50 3736 % 4,117.6 4.76 N
2.50 .  1,371.5 15,113.8 ~ 476 . 2
AVERAGE 4.776 W
S b

. \ 5
) 4 ! R T
S L4
o
& N .
- _'_’—
&8

. ' -
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. -83=

-

pHASE (_l_ MEP Headform Tests Fixed Mode

The first phase of tests were carrled out on ail headforms. The

results of these tests can be found in the computer oﬂtput data»fibles;

_Page 203 sectton VI-3.  The fo]]owing “TabJe 11, 15 a 115t of the tEStS';

in chrono1og+ta1 prder. Also an exp]anat1on of the\code ngcr1pt1ons

M
found in the computer output data tablas is glVEn Phase one cons1sts

*

of tests 3 t3“ﬂ5. o ) .

MEP . F + 1nd1cates that the modular elastomer programmev fa11§'on

a part1cu1ar surface or headform. The MEP calibration pad assembly

‘l 'I’.ﬁ .‘ - '}‘
;‘Jmfgigure 52 fMows the'CSA~1arge wooden headform about to receive a

weighs 5.0 kg (11.02 lb).

crown impact w1th the MEP from a drop he1ght of one meter.

et

BRY
Fixed Mode MEP
Falls on CSA *
. . Wooden large __
- Headform

. ‘ - ' T r
N '

Figure 52

gure . N )




-
Tests for Ppas

il

@
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TABLE 11

1ibration) .

adform, _ 1arge size

ngonn large size

Test # o '
. g1 P - Flat Plate (final load cell ca
T 32 MEP.F H.S. (Hemispherical striker)
34 MEP F &CSA =W - L - C (CSA wooden he
crown 1mpact)
35 - .MEP F CSA - W-L-B (CSA wooden he
' brow impact)
36 MEP F CSA-W-S=-€Ca
37 MEPF CSA -W-S-8 "~
38 MEPF CSA-P -l
39 MEPF CSA-P-L )
40 MEP F CSA“P - S | wﬁﬁ\l "
41  MEPF P -MW-HE. . R S
42 MEP F SP - W - H.F.
43 MEP F Cast A1. (thick)
44 - MEP F Sierra - H.F.
5w F 2901
29 MEP F tast Al. (thin)
PHASE (i) 1meted Headform Tests Fixed Mode

* Upon complet]on of the Phase, (i) tests, th

stirte

.cast a

d. Table ¥2 is a list of®™shese tests. I

e Phase (i) tests were

n ‘this phase the thick

L 3

1um1num headform and . thexhem1spher1caj shaped headform could not

be used due to being small headform sizes (7-7 1/8). The helmet liners

used were for medium to large head sizes. Due

-

helmet liners available for testing with the co

to a limited number of 7’

mfort liner, the tests



TN

had to be carefully chosen tonmaximize the-infoFmatibn with the avaiIab]e

helmet Tiners.

’

.IR Figure 53, the CSA large wooden headform 15 §wan before a

. f)\\ B .
helmet has been fitted for a brow jmpact-from a one meté?’hrop height.

- \ .
.

Figure 53

5 Kg Flat Striker
Used for Helmet
Tests Fixed Mode

Tests for Phase (11)_

r Test #

46~
a7
48
49
50
51
53
54

5 kg(F)
5 kg(F)
5 kg(F)
5 kg{F)
5 kg(F)
MEP

5 kglF}
5 kg(F)

F

F
F
F
F.
F
F
F

790.1

Cast Al. H.F. (thin)
Sierra

CSA - P~ L
C5A-W-L-B
ﬁﬁtt plate check
190.1

790.1
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PHASE (iii) . Helmeted Cadaver Head Tests Fixed -Mode
. ¢ .

With the completian of Phase (ii) testing, the Phase (iii) testing

was started. . Table 13 Tists the tests in this.phase. In Figure 54,

cadaver head 1 is shown just after helmet fitting in accordance with the
. N - )

helmet position index.

Figure 54 Cadaver Head 1

Figure 55 shows cadaver head 2 mounted on the top plate prior to

receiving a crown impact to a helmet with the 5 kg flat impactor in the

fixed mode.

N
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Figure 55
Slotted Plate Eccentricity of Cadaver Head 2.
j1lustrates the eccentricity of the slotted pl

Figure 55 ate needed

to produce a Zero tangential slope impact to the crown.

Both cadaver heads were from embalmed subjects. Cadaver: head 2

Cadaver head 1 was also missing

was moist; cadaver head 1 was dry.

paﬂt:af the scalp as indicated by Figure 56.

\
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Figure 56
Cadaver Head 1 Showing Missing Scalp Region
TABLE 13
Tests for Phase {iii)
Test #
55 5 kg(F) F Cadaver 1
57 MEP F Flat plate check

58 5 kg(F) F Cadaver 2

PHASE (iv) Cadaver Head Tests without Helmets.
(iii) tests for each cadaver

Phase (iv) tests followed the Phase

head. This is indicated in the test ndmbers. Table 14 lists the

Phase (iv) tests. Figure 57 shows cadaver head 2 about to receive a

crown impact with the 5 kg flat plate.



Figure 57
AN cadaver Head 2 'About to Receive a Crown Impact with the 5 Kg Flat
Striker :
v
TABLE 14 .

Tests for Phase (iv)

Test # .
56 5 kg{MEP) F Cadaver 1 WO Helmet

59 5 kg(F) - F Cadaver 2 WO Helmet
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n Mode

-]
cted .

: PHASE {v) MEP Headform Tests Multipositio

phase (v) tests using the ulti-position test rig were condu

upon the completion of Phase (i11) and (iv) tests. The Phase (v) tésts

are listed in Table 15.

In Figure 58 and 59, the Sierra and CSA large blastic headforms

~

Figure 58 Occipital Reglons
eceiving an impact with the MEP to the

%
Figure 59 CSA Plastic H.F

Sierra H.F.
are shown respectively before r

1 region using the multi-position mode test rig.

occipita
the Sierra headform in position to re

Figure 60 shows

ceive a

frontal impact. Figure 61 has the headform positioned to receive a

parietal right side impact.
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Frontal Region Parietal Right Side Region,
Figure 60 Figure 61 o -

-

» TABLE 15
Tests for Phase (v)

Test #

60 MEP F

61 MEP F

62 MEP F Sierra Parietal L.S.

63 MEP F Sierra Frontal S
3
F
F

Sierra Uccipital
Sierra Parietal R.S.

64 1EP CSA - P - L Frontal
65 MEP CSA - P - L Occipital
96 MEP Sierra Occipital with support
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PHASE §v1[ Helmeted Headform Tests M iposition Mode. ’

Phase (vi} tested the headforms in the muititposition mode with

helmets: The Phase {vi) tests are listed in Table 16. Figure 62 has
the CSA large plastid headform with a helmet prepared to recejve a

parietal left side i

Parietal Left,
Side Impact to
CSA Plastic Head-

form. A
F1gure 62
‘ TABLE 16

Tests for Phase (vi)
Test # ’

72 5 kg(F) F CSA-P - L Parietal L.S.

91 5 kg(F) F Sierra Frontal \\\

93 5 kg(F) F Sierra Frontal B

94 5 kg{F) F CSA - P - L Frontal

g5 5 kg(F) F Sierra Occipital

97 5 kg(F) F Sierra Occipital with support
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PHASE (vii) and PHASE (viii) €

[

adaver Head Tests Hu1t1pos1t1oh Mode |

Upon completion of Phase (vi), tests on the cadaver heads were

done with ahd without helmets in Phase (vii) and (viii) respectively.

The Phase’ (4i1) and (viii) tests are listed in Tables 17 and 18. y

Figure depicts cadaver head 3 before receiving a frontal helmet

impact, and Figure 64 shows cadaver head 3 before receiving a frontal

jmpact without a helmet,

, Figure 6
Frontal Impact Position

3

of Cadaver Head 3 -




Figure 65 Cadaver Head 4 with Helmet

efore receiving a frontal

Figure 65 shows cadaver head 4 D
4 before receiving

helmet impact. Figure 66 shows cadaver head
a frontal impact without 2 helmet.
-




Figure 66 Cadaver 4 Without

Helmet
TABLE 17
Tests for Phase (v{i) ‘ : A
Test #
73 5 kg(F} F Cadaver 3 Frontal with helmet ’

90 5 kg(F) F Cadaver 4 Frontal with helmet

92 5 kg(F) F Cadaver 4 Frontal with helmet and reinforced
neck 1

TABLE 18

Tests for Phase (viii)
Test # ‘

98 5 kg{F) F Cadaver 4 without helmet but with reinforced
neck 2
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PHASE gix) Additional Tests

-

The further calibration and compairison tests of Phase (ix) are. '

2

Visted in Table 19, 1 to 7. These tests consisted of:

(ix) = 1. A series.of tests to determine the effect of eccentric”

impacts to the load cell. A plate, Figure 67; was designed anducons-

’ﬂ_ﬁzﬁgg;ed for these tests.

used on the headforms.

This plate has a neck similar to the necks
Both surfaces (top and bottom) were ground to

avoid inperface vibrational problems. By bolting the neck to the

. slotted plate an jmpact traverée could be made across this new plate

eccentric to the load cell similar to the case of eccentric headforms.

Ebar Plate to Study Eccentricity Effects ;
F"lgure 67 i

is the distance the slotted
impact with zero tangential
dform or helmeted headform.

-1 eccentricity as shown in Figure 55
plate has to be moved to allow an
slope at the highest point of a hea




The resu1ts of thése tests é%n\be found in the data tab]es test

e p1ate was 1mpacted~ jth the 5 kg MEP ca11bration padn from o L
a drop height of 1.50 meters. § ° .

\\/ : P - - _.'- , *

| . ‘ TABLE- 19‘\{
Test # 7 T | | " _ .
67 1 MEP @ E bar Plate, e =0.00 - - *
67 2 %P .F Ebar Plate, e =0.50
_ 7 3 wp F  Ebar Plate,e=100 %
67 4 MEP F E bar Plate, e = 1.50 * ,
67 5 MEP F E bar Plate, e = 0.00 . ) ¢

M1n1ng Helmet Tests - . . A

YL TN

(ix) - 2. A battery of tests were conducted on seven miner's
helmets. These tests were carried out on the sphe%?bqlﬂshﬁped wooé;n Y::-. j/
headform. The pu Eos of the test was to compare results with the ESA

tests for miner's(ﬁe1mets, second]y, to examine effects of using a

headform that has the point of zero tangent1al slope-concentr1c with

-~

e

the gfgggg_gjktﬁg/negk and, th1rd1y, to compare results with heJmexga
headform impacts for thg

web-type suspension of theypiner's helmets

with the styrafoam Hner% @}aﬁotorcycle safety helmets. The results

6?g?ﬁese tests can be found e data tables, Test 68.and 69 '. o
Figures QS, 69 and 70 11]ustrate some of the helmets tested Table 20 '

lists the helmets tested and their respective numbers found in-the °

figures. ' o i

. ﬁ ~ ‘.' .
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Figure 68 Helmet #1, 2, 3 :
L, to Right

Helmet #5, 6
#4 Not Shown

Figure 69
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P
Figure 70 Helmet #7
TABLE 19.1

Helmet # - Description

1 (White) Fibre metal |brow brim|

2 (Yellow) Fibre metal with top pad |brow brim|
3 (Brown) Phenolic M54 |brow brim| -

4 ~ (Brown) Phenolic Ms4 |full brim| with top pad
5 (Orange) Fibeng]aés yltimate climbing helmet

6 (Yellow) Polyethylene Erb |brow brim|

7 (Beige) Polyethylene top guard |full brim|

“h
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The helmets were jmpacted from drop heighté of 4 and 5 feet with the
10-1b fiat impactor.. The peak acceleration and force were recorded for

each test.

TABLE 19.2

\
N

Test #

69 1 to 13 10 1b F Mining helmets
falling and Stationary MEP Tests

(ix) - 3. Testing was carried out on the stationary MEP with the
5 kg (11.02 1b) and the 10.00 1b impactors from drop heights of 0.25
to 2.50 meters. Peak force and peak acceleration were recorded and the
results of these tests can be found in data tables. This mode of cali-

bragion is shown in Figure 71.

Figure 7i

5 Kg Flat Impacton
About the Impact MER.
Pad
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The object of these tests was to establish the differeﬁce,if any,

between the MEP when falling and stationary. Also the effect of

changing the mass can be observed.

TABLE 19.3 &\Q
Test #

76 5 kg(F) F MEP (Snell)

77 10 1b(F) F MEP (Snell)

Y ngpggggjyg Headform Testing with Other Researchers.

(ix) - 4. Another group of tests were performed using a 290.1

headform that had parallel surfaces milled on the parietal left and

jd-sagital

. right side. These faces were milled parallel with the m

plane, Figures 72 and 73.

' Figure'72
Snell MEP Level is Attached to Upper

Snell Headform, Foil Cap, and

Surface
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Figure 73
of 290.1 Headform (Snell)

Note Flat Impact Surface
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This headform was dropped from heights of 5.0, 7.5, 10.0, 15.0, 20.0
and 25.0 inches onto the MEP pad using the MEP mounting plate, Figure
74. The results of these tests can be found in the data tables,

test #75 and graph #30.

Flat Plate Snell MEP Was Attached to
Figure 74

The 290.1 headform was the property of-the Spell Memorial Foundation
helmet testing facility. The headform had previously been tested by the
following testing centres: Snell, Be11 Helmets and the South Hest
Research Institute.

. As mentioned eaélier, the purpose of these tests was to coﬁpare

results between facilities.
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One of the problems encountered in tﬁis te§$jng related to the
socket in the 790.1 headform. This socket was too large to accommodate
the University of Ottawa ball. To get around this problem, a1uminum.
foil cups were made to place between the ball and socket. These cups

’

are shown in Figure 72.

TABLE 19.4
Test #
75 5 kg (Snell H.F.} F MEP (Snell)
Velocity Calibration Check.

-~

(ix) - 5. Another series of tegts was conducted to check the
freefall velocity of the drop apparatus. This was done using the 5 kg
flat impactor falling on the MEP pad, from drop heights of (0.25 m to
».50 m). The velocity measurement device was designed and coAstructed
to measure the elapsed time of the falling blade as it_passed through
two light beams one inch apart.

The object of these tests was to check the drop assembly for its
freefall properties and compare these results with other test facilities.

The velocity mea
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FIGURE 75

Velocity Measurement-Device.

The device measures time from 0 to - 99,999 m secs. The results of

these calibration tests can be found in the computer data tables.

TABLE 19.5

Test #

99 . 5 kg(F) F MEP
100 10 1b(F) F  MEP
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Ebar Plate Tests

(ix) - 6. The results of Phase (ix) 1. led to tests of Phase
(ii) 6. These tests were designed to answer the questions posed by
the first battery of tests. The tests were conducted using the E bar
plate at various eccentricities, Tests #79 - 83. Each eccentricity was
tested from drop heights of {0.5m to 2.0 m). Tests were also done
with zero eccentricity to see the effects of having the hexagon cap

ccrews for the slotted plate tight or Joose, Test #84.

&.5’.

TABLE 19.6

Test #
78 MEP F E bar Plate, e = 0.0
79 MEP F E bar Plate, e = 0.0
g0 MEP F E bar Plate, e w 0,50
81 MEP F E bar Plate, e = 1.50
32 MEP F  E bar Plate, e = 1.75
83 MEP F E bar Plate, e = 1.50
84 mep F E bar Plate, e = 1.50
Eccentricity Head Form Tests

(ix) - 7. Questions concerning the difference between geccentricity
effects and prob1'ms at the headform steel neck interface resulted in a
series of tests for a range of drop he1ghts of (0.5 m to 2.00 m)‘with
eccentricities of (0.0, 0.5, 1.0, 1.5) inches. The MEP was dropped
onto the spherical wooden headform. The wooden headform was impacted
with tight wood screws at the interface in question, Tests #85, 87,

83 and 89. Test #86 was conducted at 0.00" eccentricity with loose

ccrews and a preset gap of 0.032" at each drop height. This test
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' was designed to illustrate the effect of interface problems in relation

to accentricity.

TABLE 19.7
Test #

g5 MEP F S - - H.F., e = 0.00
86 MEP F S - w - H.F. e - 0.00
g7 MEP F S -w-HF.e — 0.50
88 MEP F Sp -w - H.F.; e=1.00
89 MEP F S - w - H.Fo e = 1.50
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CHAPTER VII L
Vil - 1 PREVIEW '

This chapter deals with the analysis of the information found on
the acceleratioﬁ-time and force-time polaroid traces. Tﬁe conclusions
are st&ied as they occur throughout the analysis. Section é deéls )
with a sample set of calculations and the correction factors used for
stiffness and eccentricity effects.

Section 1 deals with the analysis of the rigid mode tests of Phases

(1) to (W).

\ .
Section 4 analyzes the tests for the multiposition mode Phase (V)

to (VIII). CEach of these sections 3 and 4 are followed by a conclusion
summary. /

Section 5 considers the analysis of the final Phase {IX) tests.
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" VII - 2 ANALYSIS OF DATA - e
- The raw data from each run for each test was processed with the

assistance of the computer. The calculated va1ues of acceleration --

PA, mass x acceleration -- PMA, transmitted force -- PFLC and the

per&entége difference between PFLC and PMA -- p¢, are shown in the

data tables. As the readings were taken, the above calculations were made

with a hand calculator. The calculated values of PMA and PELC were

plotted against drpp height -- H before each new-test drop. These plots

were similar to the correctéd versions, Graphs 2 and 3. By plotting ahd

calculating during testing, errors, erroneous readings.and other diffi- ‘L

-cu1t1es were spotted as they occuraed. ‘

The "P" in PA for acceleration in the data tables signifies first.

or premiere. In other words, the first calculated values before correc-

i zmn factors were taken into consideration. The nc* pefore the second

et of calculations indicates that the first set of calculations have

heen corrected for eccentricity effects. The "F" in the last set of
calculations indicates the use of a final correction factor for plate

stiffness.

VIT - 2 (1) "P"-SET OF SAMPLE CALCULATIONS

A "p“-set of calculations for test #31 will demonstrate how the raw

data in the first 5 columns of the tables was processed by the computer.
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Hér 2.00 m = Drop Height
AED = 5,20 division ~ Accelerometer (Endevco) Divisions

ASF = 1.0 voits/division = Accelerometer Scale Factor,
LCD = 2.95 divisions - Load Cell Division
LSF = 0.20 volts/division = Load Cell Scale Factor

Sensitivity of Accelerometer = 4.63 mv
sensitiyit} of Cell  =4.776% 7%

AED and kCD are the divisions read from the oscilloscope- trace for
v $ '
the accelerometer and load cell channels.

ASF and) LSF are the scale factor values of' the above divisions for

each channel in voltsLdiyision.

.....

Yl

. L s volts 1 .

(Accelerat19n)~ PA = 5.20 Div x 0.5 gy~ X 7§3x10-3 v

9
~1,123.1 g x Gain of 1* T

h -1,123.1 g's
. . '
. volts 1
(Load Cell Forcg) FLC = 2.95 x 0.20-~52= X 77776x10-% v
1b
_ —123.534 1b x Gain of 100 *
- 12,353.4 1bs
' /,r-"-\_

. {
* The gains of 1 and 100 are for the(t and K)A.C. amplifiers for the
accelerometer and load cell respectively. :
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Vi1-2-(ii) CORRECTION FACTORS

pfter completion of the Phase V tests there seemed to be evidence
that 1nd1cated eccentricity and headform-neck ihter;;ee problems were
caus1ng the large percentage’ d1fferences (P%) between PHA and PFLC.
1I£ was decided, as mentioned previously, to,jse the.Ebar plate to
) help understand the_natuhe of the éhgii.hroblems. Tests 67(1) to
-,/)/ 67(5) produced the results shown jh the tables. The results seeme
unusual, as there did not seem to be any.large drop in acceleration S
{PA) until eccentricities (Ebar) of}fjgz inches had been reached.
After QOing more Phase V, VII and IX testing, it was decided that
more eccentricity testing with the Ebar plate was in order. Graphs 6
and 7 show graphically the results of‘Tests 79-84, Phase IX-6.
The resu]ts of these tests support Tests 67(1) - (5). The question

that arose here wasy why do FFLC and PMA seemingly increase from

e* = 0.0 to 1.00 inches and then decrease for e = 1.50 to 1.75 inches.

It was decided that to answer this question, more testing in Phase IX
should be done to understand further the effegts of eccentricity and the
concept of effective mass. It was also hoped that this test11%'wou]d\
lead to a correction factor to correct the large percentage differences
(P%) between PMA and PFLC.

The spherical wooden headform was chosen as mentioned previously

in the description of Phase (IX)-7 testing. Tests 85 and 86 illustrated

’

dramatically in traces 85(273-274) and 86(275-278).

The effects of tight and loose screws. For 100se SCrews Test 86,

* @ = Epar = slotted plate eccentricity
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the load ce11 traces d1sp1ayed jagged peaks {n the region of peak
force as compared to traces 273 and 274 where the load cell peaks
were smooth curves for the tight screws. The reductions in PFLC and i)
PMA are shown in Graphs 8 and 9 _;(,’_“\

With this information previous and future cases of loose screws

should be easily spotted.

Fin

Testﬁ 87-89 produced the results shown in the tables, for eccen-
tricities‘of-O og", 0.50", 1.00" and 1.50" of the spher1ca1 wooden
' headform mounted on the slotted plate. This data was p1otted in graphs,
10 and 11. From the graphs, it can be seen that eccentr1;1ty affects
the load cell more than the accelerometer s1gna1 By increasing the
eccentricity the load ce]] signal increased and the accg}erometer
signal decreased for any given drop height.

This information was used for the eccentr1c1ty correction factor
nc", mentioned previously. Straight 1ine graphs 12 and 13 were plotted

for the increases and decreases in percent against eccentricity. The

equations of these lines vere obtgined for the different regions of

"eccentricity and are summarized as follows in Table 20.
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"TABLE 20" Eccentricity Equations

Straight.Line'

Graph Region of Same Straight Line \Use of the Correc-
¥ |Eccentricity Equation. Equation in Compu- |tion Factors in
; (e) . ' tational Fortran the Fortran Pro-

: . {gramme
PFLC 0.00<e<0.50 % =122e - PERF = 12.0%* Ebar CFLC(T) = FLC(I) -
Graph 12]0.50<e<1.50 9 = 6.2 e + 3.0 PERF = 6.2 * Ebar * 3.0 {(PERF * FLC(1))/100

[ 4

PMA 0.00<e<1.00 % =e PERMA = Ebar CMA(I} = RMAEG(T) +
Graph 13|1.00<e<1.50 % ==8, e - 7 4| PERMA = 8.4 * Ebar - 7.4|{PERMA * RMAEG(I ))/100

city correétion purposes in

9

the ca]cu]a

g The manner in which

ramme 11st1ng that precedes the data tables.

fxed, by the Tetter WeH for CMA, CFLC and Ck.

f

headform (Sp - W - H.F.)

would have to be made in comparison to the s

T

u

1.150 inches, but because the CSA wooden 1
eight sm
spherical wooden headform,

75% of the actual eccentricity Ebar.

Because all headform neck interface chara

orms were not the same as those characteristics of the spher1ca1 wooden

his was done by the use of an effective eccentricity relationship called

febar". As an example’ i

the degree of tightness of the other headforms

aller wood SCrews as compared to the four large

100

pherica¥ wooden headform.

these Fortran equations were used for eccentri-
the computer programme is shown in the pro-
As mentioned previous]y,

tion corrections for eccentr1c1ty in the data tables are pre-

cteristics of other head-

n Test #35, the actual measured eccentricity was
arge headform was held by wx\
r wood screws of

the effect1ve eccentricity was judged to be

-Thus EEbar -2 x Ebar

EEbar = .75 (1.15)

- .863_1nches
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With the use of EEbar, the correctidné weré made as shown in thg‘

data‘tables. Tab1e‘21 1ists the tests where judgeménts of this type

4

TAGLE 21 EEbar Estimates

Test Ebar % EEbar Impact Description

-29  0.400 50 0.200  MEP F Cast Al (thin)

35 1.150 75 0.863 , MEPF CSA-W-L-B

37 0.720 50 0.360  MEPF CSA-W-5-8B

39 1.000 75 0.750 MEP F CSA 5 Pt

43  0.690 50 0.345 MEP. F ﬁ Al. {thick)

55 © 1.550 50 0.770 5 Kg L5/ Cadaver 1 with he1mg§

56 7.000. 50 0.500 - Cadaver 1 without helmit\_‘f(\'

[y

. »
were made. In summary, the more rigid the interface, the lower thg

"EEbar values. ‘ o P

R

These tests using the spherical wooden headform permitted fhe
experimenta1 correction for the large percentage differences (Pi) between
. PMA and PFLC. The tests also supported the concept of effective mass.
The concept of effeétive mass essentially explains the above experimental
results. When the interfaces patween the striker and the 1oad‘cé11 are
rigid or stiff, no P% should exist. When the interfaces are not com-
pletely rigid ahd permit s]iéht movement, the impacting mass which the
load cell senses, is the mass of the striker and some portion of the
mass ‘of the headform. The sum of these two masses would be the effective,

® .
mass sensed by the load cell at imﬁ!ct.
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oden headform did not create any

Tbe testing with the spherical wo
Thus,

new information for Tests 79-84, Phase 1X-6 with the Ebar plate.

some other reason for the phencmena occurring in Graphs 6 and 7 would

have to be found. This reason was found when the physical structures

of the top mounting plate and the slotted plate were examined closely.

guide wires

o counter bored hole (D = 1.175)
+o accommodate torqued bolt
for load cell

Loaé cell

Top mounting plate

Bottom plate

|
| ﬁéﬁ NG S
y-—:. l\q- } i

/V/ I

—m—— -

Cement

& Figure 77
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Impact Point
EBar Plate

Mock Steel
Neck

"!1 ey -
. 1/

Slotted Plate

Load Cell

Top Mounting Plate
78 Shows Position of (Ebar = 0.0)

Figure
have D = 1,175" and the bolts have

Note: Both counter bored holes
a 1/10" clearance with the ground surfaced.

o

e 77 shows the relationship between the top

The sketch in Figur
the bottom plate by a bolt at

mounting plate and how it is torqued to

the counter bored hole.
Justrates how the counter bored hole

_ The sketch in Figure 78 il
er bored hole of the

"
of the slotted plate is concentric with the count

(Ebar = 0.0). As the eccen-

top mounting plate at zero eccentricity

| 7
%

e
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.

tricity is changed by moving the slotted p]atelin the positive‘ y
direction, eventually a point will be reached when the two holes no
longer overlap. It was poticed that a small bur had occurred at

points A and B in Figure 78. This observation along with Graphs 6 and

7 led to the conclusion that the counter bored holes were affecting the
system stiffnessl. As the slotted plate was moved in the positive ¥
direction from Ebar = 0.00 the two holes began to overlap.causing the
stiffness to increase. As the eccentricit} reached Ebar,= 1.00" the
stiffness had reached a maximum. By increasing the eccentricity to

Ebar = 1.50" the stiffness is seen in the graphs to decrease below the
stiffness at tbar = 0.0. The reason the stiffness decreases further for
Ebar = 1.75 can be seen in the sketch in Figure 79. Here the major 1oss

in stiffness is due to the absence of supporting material in the region

Impact Point

]

i [
[Tt
i 1 v r
! | o s and '
i
|
1.l +
i 1 ] : . i .
!
[N Figure 79

”

The stiffness referred to here is a function of the elastic properties
of the system material or matgr1a1s and the system geometry.
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of ¢ as shown. Here again the counter bored hole in the top mounting
plate would result in a minor loss in stiffness. The data in Graphs 6
and 7 used to plot the straight line curves in Gpéﬁﬁ;’;i and 15. Here
T‘the'stiffe;t condition was taken to be at Ebar = 1.00". The percentages
of thef;tiffest condition were plotted on the ordinate with eccentricity
on the abcissa. The equations of the lines in the regions of eccentri-

city were found and summarized as follows in Table 22.

TABLE 22 Eccentricity Equations

Graphi # Region of Straight 1ine Same Straight Line Equation in
Ecce?t;icity Equation Computational Fortran
.
PFLC 0.00<e<l.fo % ~-1.85 ¢ + 1.88 SPERF = - 1.88 * Ebar + .88

Graph 14 1.00<e<1.50 § =12. 84 G - 12.84 SPERF = 12.84 * Ebar - 12.84
| 50ce<l.75+ % = 27.16 e - 34.32 SPERF = 27.16\" Ebar - 34.32,

0.00<e<1.00 % = -1.86 & * 1.86 SPERMA = - 1.8¢ * Ebar * 1.86
Graph 15 1.00<e<1.50 g =7.2e-17.2 SPERMA = + 7.20 * Ebar - 7.2 ‘
1.50<e<1.75+ % =16 e - 20.4 SPERMA = .00 * Ebar - 20.4 |
& -~

The manner in which these equat1ons were used for stiffness gorrection
purposes in the computer programme is shown in the programme listing that
precedes the data tables.

As mentioned previously, the calculation corrections for the final
correction factor stiffness are prefixed by the letter "F" for FMA, FFLC

and F%.
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It can be noticed from the data tables that the eccentricity
corrections tend to substantially reduce the percentage difference ,

between PMA and PFLC while the étiff@ess correction_factors tend to

slightly increase the percentage difference.

VII-3 ANALYSIS OF PHASE (I);(ii),(III). and (IV) TESTS
VII-3-i PHASE (1) and (IV) WEP TESTS

Data tables for Phase (IT‘were plotted in Graphs 2 and 3 (H vs
FFLC and FMA). The critical regions were plotted again in Graphs 4 and
5. A 5% tolerance band wa§ drawn over the curves that came closest to
cadaver 1 curve. Falling within the 5% tolerance band are the following
headforms listed in Table 23(a). The headforms not falling within the -

tolerance band are listed in Table 23(b).

Headform Description Test Ho.

Cast Al. (thin) 29

Ch-w T B i Table 23(a)
CSA - P - S T )

Sierra 44

_ Headform Description Test ho.
hY

T \gsA-- W - L - B 35
CSA - P -L 38
Sp - W - H.F. 42 Table 23(b)
CSA - W -L-C 34 >
CSA - W -S-C 36
cast Al. {thick) 43
790.1 45

~
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It is worthwhile to note that test #36 fof the CSA - W ; L-8 .
was just slightly above the tolerance band. This headform would probably
have fallen within the tolerance band had there not been some flattening ’
of the headform material at the impact cite due to an inadvertent drop
with the flat impactor before the MEP tests.

It can be seen from Graphs 2 and 3 that;ake~cadaver 1,1 Test #56
without a helmet is relatively close to the to]e}ance band. If cadaver 1
had a complete scalp and was less dehydrated the feadings would have
been somewhat lower. Repetitive impact testing with a cadaver head
(scalp jntact) using the MEP is not practical because of the slightly
pointed nature of the MEP impact surface. This impact surface would
cause the scalp tissue to Break down after one impact.

The damping ability of the urethane skin of the Sierra headform was.

3

the reason it fell within the tolerance band The thin structure of the

cast aluminum headform (thin) caused it to have a fair degree of re-
siliency upon impact. This thickness effect is quite pronounced when
comparing Test #43 for the cast aluminum (th1ck) with Test #29 for the
cast aluminum thin. The plastic material used for the CSA hockey head-,
sorms {(CSA - P - L and CSA - P - S) had sufficient resiliency for them
to fall within.the 5% tolerance band. '

The effect of the héadform shape for the MEP tests can best be
realized by comparing the flat p1até.test 31 with test 26 incorporating
the hemispherical anvil. In these tests the hemispherical (mild steel)
anvil has a radius of 48 mm (1 90 inches) and the flat plate (mild steel)

has an infinite radius. Graphs 2 and 3 demonstrate the large difference
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in force outputs for the two impacts. - The impact with the flat plate
by the MEP was an extremg1y*4?olent impact. Whereas the 1mp4£t with
" the hemispherical anvil by the MEP had fhe smallest force output
readings. Hence a headform with a larger crown radius in mid sagital
plane* would have higher forcg and acceleration output readings as-
suming both were of tﬂzqggag'material and hence of the same stiffness.

This headform shape effect was most pronounéed for the 290.1
headform. To avoid ball rotation, the 790.1 headform was tilted
slightly (60) and impacted with zero eccentricity. This meant that the
MEP impactor would be falling on an essentially flat suF?hQi. It was
conc]uded that this flat surface was mainly responsible for the high
output force readings, for the 290.1 headform. It could be argued
that stiffness was also a factor but to a lesser degree, because the
790.1 headform was probably slightly stiffer than the cast aluminum (thick)
headform. It should be pointed out, however, that the cast aluminum

thick headform was a small size and had the most pronounced radius at

the impact site.

The grouping in Graphs 4 and 5 Jead to the following conclusions.
From the MEP tests of Phase (1) and (IV) it can be said two factors
governed the performance of the headforms:

(1) The stiffness, which depended on Fhe material and headform

wall thickness.

(2) The anthropometric shape of the headform.

* Mid sagital plane - 2 longitudinal or fore and aft, plane passing
through the vertex or Crown of the headform, perpendicular to the
basic plane *-1 , which geometrica11y bisects the headform.

* - 1 A plane at the Jevel of the external opening of the ear and the floor

of the bony rim or orbital of the eye.
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VIT - 3 (11) PHASE (II) AND (III) HELMET TESTS

The he1meted tests of Phase (11) and {II1) were p]otted in Graphs
2 and 3. he critical regions between 1.5 and 2.5 meters were plotted
again in Graphs 4 and 5. Here it can be seen that with a helmet the

S1erra headform, Test 48, is closest to the r results. The fact:

that cadaver 2, as was described in the cadaver in nmat1on tables,
was an embalmed moist cadaver head with an intact scalp cé%unts for
different results from cadaver head 1.

graphA4 shows the results of the helmet tests grouped src1ose1y
than the acceleration results of .Graph 5. This impiies that e ough
the helmets felt similar, acce1era£ion effects the energy transmitted to
the.load cell was different.

Anthropometric shape and stiffness were found to be the essential

factors governing the results of the headfbrm MEP tests of Phase (I) and
(1v). It is uniikely that the stiffness is as great a factor for the
helmet tests. A general reduction in stiffness would reduce both the
peak acceleration and the peak force, but reducing the stiffness would

do little in reducing the difference (F%) between FMA and FFLC.

i

The anthropometric headform shape affects the F% more directly by
either increasing or decreasing the permanent deformation of the styra-
foam liner of the helmet.
highly on the contact area between the headform and the polystyrene foam
liner. If the contact area js small the permanent deformation should

increase.. This is true for the headforms without a skin. In the case

The amount of permanent deformation in the polystyrene Tiner depends

T
ey
C L
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of the Sierra headform, had fhé yielding skin not.been.preseht,‘the .
polystyrene foam liner would have had to deform to a greater degree.
~ The question still is present, "Then why is the FZ low for the Sierra B
headform?" The answer lies in the nature of the {mpact ;nd how the
energy is transferred to the load cell. In the case of the Sierra
headform a certain amount of the wave of energy passing through the
~ skin tangential to the surface of the headform cannot get to the 10ad \ -t
cell because there is no phjsica] attachment other than friction between
the skin and the.aluminum skull of the headform.

It seemed a little surprising at first that the Z90.1 headform was

as close to the Slerra and cadaver head responses when they were so far

apart for the MEP tests. The reason that explains this phenomenon lies

in the anthropometric shape of the 190.1 headform relative to the test

helmet as shown in Figure 80.

Afyp Space at 290.1 Headform-Helmet Interface
Figure 80
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Figure 80 shows a helmet identical to the test helmet sectioned
a]ong.the mid-sagital plane ang resting‘on the 290.1 hegdform. The
large air gap is very much apparent. This air gap and absence of
material acted to ipprave the performance of the helmeted 290.1 head-

. fofm. Instead of crushing the polystyrene foam Tiner in the region
of”imﬁact, cfﬁshing and s1iding have been shifted to a smaller area-
annulus around the point_of impact. The combination compressing of
the air space and increased permanent deformation caused the accelero-
meter to see a softer deceleration and the load cell not to see the
'znergy lost in permanent deformation of the liner.

What has been said so far does not explain why this percentage dif-
ference (F%) exists. When the 1oad cell was ca]ibrated there was only
a flat plate between the Joad cell and the MEP striker. The 1mpact1ng

mass is essentially the mass of the striker. By placing a headform and

- then a heimet bet:een the striker and the load cell, the system has
been changed -considerably. The real mass that the load ce11-seés is
that of an effective mass. The effectivé masg depends on the mass of
the striker and the mass of the helmet. Hence it can, be seen if the
acce1ération values were multiplied by a greater mass the FMA values
would be closer to the FFLC va]ues. thus reducing the F%. One might
argue that the effective mass is even larger than the sum of the mass
of the helmet and striker. S1nce at impact (for the cast aluminum thin

headform, the headforms with interface problems the CSA-W-L<B and the

CSA-P-ﬁ) there was headform wall or headform movement this tends to

-

T
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increase the effective mass ‘still, further by some portion of the head-

L4

form weight. . . T
/ ft was suggested earlier that headform stiffness would not play

as great a part in the helmet tests as it did in the MEP tests. The

reasoning behind this statement assumes that the headforms are a great

deal stiffér than the helmets. Comparing the helmet tests of the

Sierra with the cadaver heads 1 and 2 illustrates that the cadaver

heads are not as stiff and rigid as the headforms. This suggests

the aluminum skull thickness of the Sierra headform cou]d be reduced

for more favourab]e performance relative to the cadaver heads.

N S
VI1 - 3 - (iii) OUTER SHELL EFFECTS

It is of interest to note that Test #53 and 54 were carried out
to see the effects of ysing a new outer shell relative to the test outer

shell. 1In Test #53, the yellow J.C.B. plastics outer shell (polycarbonate)

was tested at tge 2.00-meters drop height. This yellow outer shell was
the same outer shell used in all previous heimet~impacts in Phase (II)
- T and (111). This outer shell had aiso been used for 10 impacts during
§“§ preliminary testing. Test #54 used an identical new bjue outer shell
‘1w1th the usual new liner at the same drop height. (peak acceleration and
pégﬁxtranémitted force) of 2.0 meters. The results of the new outer
shell were 4.5% higher. One might ask if this is not going to have 2
slight effect on these results. The answer is no; s1nce*the helmet

had been impacted in preliminary testing the 1n1t1a1 stiffness of

the new helmet had been removed. Comparing Test 453 at the end of the
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f1xed mode helmet tests with Test #46 at the beginning, both using
the 790.1 headform with the same outer shell, it can be seen that the
results are within 2.%7%.
Thé procedure of placing the liners into the outer shell left no
. room for error. Each Tiner application was performed by two people and
checked by both before impact. .

Spot checks on the polystyrene foam liners for weight -assured that
they were all from the same batch, and hence had the same density.

The reason the 290.1 headform was used for these tests was 11us-
trated in a previous discussion and Figure 80. "This air gap between
the top of the headform and comfort liner would aliow for considerable
deflection of the outer shell. The 290.1 headform was judged to accen-
tuate this deflection more than any of the other headform. In other
words, the 290.1 headform would have been the most likely headform to .

bring out any helmet outer shell stiffness problems should they have

existed.

1

VII - 3 - (iv) MEP COMPARISON TESTS

Test #41 of the MEP tests was performed on the spher1cal wooden '
headform (Sp-W-H.F.). At a “drop height of 1.66 meters t!‘;ompare

results with Jehu (27). These results are compared in Table 24.

Jehu used a similar MEP (Code Green) calibration pad.



- 127 -
Table 24 . .
Reééarcher Impact Energy " Mxa . FLC - % Diff.
 dehu . 8.3 mkg f 25.6 knt 27,6 knt  7.25 % -
Webster 8.3 mkg f 5,176.5 1b 5226.3 b . 0.96 %
23.023 knt 23.24 knt
' % Diff.  10.06 %  15.79 %
M x a = 5,176:1 1b x TRt
- 23,023 nt T
= 23.023 knt -
Jehu accounts for his 7.25% difference in a stepped onset of force .

which he postulates is a freguency characteristic of the load cell. This

stepped onsét he described is shown in Figure 81. ‘ ’,

7

—
.. Y
- B i >
B S - o
E:?_- -‘EE_’;;%‘;:..E Test mode : Rigid
‘.E"-j- 3 = lmRact ene$rgy: 81-4J(8-3m kgf )
- .r.: . -— » - _‘i - - :‘: _ o . ;
= 15 Calibration puise:  24-8 KN -
S _ ,"___E peak force: .- 27-6 kN
A TAr R e Pk 3 ve .:';:::
Satitipsaviehibailiiis d .;;b' 4 Time base: 7sqims

B T :

LOAD CELL <

Figure 81




o ' Y R
¥ ' . .
- This stepped onset looks suspiciously like interface probtems
that occurred in many time traces #132, 142 and the loose screw tests -
of traces 275, 276, 277 and 278. 1In all cases, there were smooth
acceleration curves, para]ieling Jehu's observations. Perhaps the
reason Jehu's stepped onset is before the peak has something to do
with the physical distance between 1mpact po1nt and the load celi.

From Jehu's apparatus diagrams our distance looks considerably greater
Hence, th1s wave phenomenon takes Jonger to be sensed by the load cell.
One might ask the question, "How can the 15.79% and 10.06% dtfferences
in Table 24 be accounted for?" This difference can best be dccounted
for by considering the stiffness of the headforms.' Both headforms had
relatively the same crown radii and thus the same shape;. Howeveﬁ, ’

Jehu's headform was carefully constructed from hardwood, whereas the

spherica11y—shaped headform used here was constructed from a soft wood -3

pine. Hence it is the author's opinion that the softer material reduced
* the acceleration and load cell readings.- It is also believed that the
speculated interface problems Jehu encountered increased the effective
mass of that system, ther Y 1ncreas1ng that percentage difference_ - -
- 4

(%D1ff) to 7. 25% In other words, the two tests should have both dif-

fered by 10.6%, not 15. 79% and 10.06%.
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VII - -3-(v)} PERIODIC CALIBRATION TESTS

Before and after each phase of testing. calibration checks were
made using the MEP impacting the flat p1ate or the hemispherical anvil.
some of these checks have been included in the tables. Tests 32, 51
and 57. This practice became less frequent as it became apparent that
the calibration %gnsitivifies of the 1oad.ce11 and accelerometer were

remaining constant with not the slightest variation.
-~ :

VIT - 3 -(vi) DISCUSSION OF CADAVER SKULL_FRACTURES

Returning .to the cadaver head tests without a helmet, the testing
for cadaver 1, Test #56.-with the MEP was stopped at 1.50 m. At this
drop height, sku11 fracture occurred. The fracture shown in Figure 82
started qt the po1nt of impact and descended the parietal right side . to

1/2" below the level of the ear opening.

Figure 82(a) Fracture Location
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_.The time trace #206 clearly indicates skull fracture, With a
large disturbance shown by the accelerometer trace s1ightly after peak
acceleration similar disturbances have also been reported by other
researchers. This author observed that the audibly different noise
produced at impact for fracture also proved tgﬂ?g an accuratg indicator.
The trace #213 illustrates the same disturbance. Phenomena for the
skull fracture of cadaver head 2, shown in Figure 82(b). Cadaver head

2, Test #59 fractured at a lower drop height with the 5 kg flat striker

Figure 82(b)  Fracture Location

even though cadaver 2 had a moist intact scalp. Cadaver 2 was impacted
only twice to minimize the breakdown of the scalp and fatigue of the

skull. For both cadaver head tests, the neck mounting arrangement



remained secure, The cadaver 1 base of the skull -- plastic interface
Joosened at the fracturesimpact. This was due to the féct that cadaver
]=~did not incorporate the use of the firsﬁ two neck vertebrae -- the
atlas and axis -- in the plastic néck portion. By using these two

vertebrae in the plastic section of the.peck, a stronger interface was
' found to occur.

The more serious skull fracture of cadaver head 1 was accompanied
by a substantial increase in the F%, whereas the minor skull fracture
of cadaver head.2 was accompanied by only a slight increase.

Because there is no fracture impact'data for the crown region,
comparisons of force cannot be made. However, these two tests will
yield relevant future data. The MEP tegts for cadaver head 1 should
aid in further development of frangible-headforms. .

With regard to frangible headforms, it was mentioned previously

that if the cast aluminum skull of Sierra headform were made of comparable

wall thickness to the cast aluminum (thin} headform, the results may
have been considerably lower in both the MEP and helmet tests. Hence,

comparing even more favourably with the cadaver head tests.
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VII)— 3 - {vii) ANALYSIS OF ACCELERATION AND LOAD CELL TRACES

‘I
n ordér to understand and explain the meaning of any accelerat1on

trace, Trace #185 of Test #48 was re-plotted in Graph 24. Using the

rectangular rule for integration the acceleration curve x(t) was

|
-
iiote: Graph 24 real t=0
gccurs A t=4 m sec
according to scales
on Graphs. 24-27 -
a tu’ f; ' : . trb —
at .b-a
n
b . . :
* *
g' fe)dt at[f(ty) + flty) «  + flg)] o

jntegrated from 0.0 to 10.5 m.sec. The integral of the acceleration
=y

curve

X
b b . b
(2) f f(t) dt = Sx(t) dt - x(t)‘
a

a a

“(t) produces a velocity curve i(t). {
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The reference datum to establish a sign COBVention for displace-
ment x(t), velocity x(t} and acceleration %(t) was takep at timé
t = 0. ' |

.The sign convention for the falling striker shortly before impact

(t =0 ") and shortly.after impact {t =0 *Y would be as follows:

Displacement Sign Convention

Displacement x positive

4
‘: : ~  away from the centre of the
¢ =0 ‘ ‘ earth
FXo-X X €§ Velocity Sign Convention

t = 0 Datum + %X if in + x direction

- x if in - x direction

- x '
t =20
‘ ) Acce]eration.Siqn
Lonvepntion

. + % if + x increases

‘ or - x if - x increases

The velocity curve x(t) has been plotted in Graph 25, curve (1).
When a =0 =1t in equation (2), the initial condition for x{0) must
be used. From Graph 28 which is a plot of drop'height versus ideal
velocity for free fall conditions the initial conditions for‘the-Z.SO

meter drop height can be seen to be x{0) =23 ft.sec-1. Thus Equation



(2) becomes
t-n

(3)

To show the integration procedure

f(t) dt =

 ten

=0

) )

1t
'formed for Graph 24.

X(t) dt = x(t) \
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n

= Tx(n) - x(0)]
0

[

- - x(0) + x{n)

-23.0 ft.sec ! @ x(n)

/
the first integration has been per-

: - 4SOV 4SOV
(4) g f(t) dt = S - x(t) dt X - 23.0 + 0.1 msec:
0 0 /F’
[(.25 + 5 + 10 + 15) large divisions]
. .b-a_ (.4-0) 1 Ldiv_, 43.2
at . 7 msec|® -23.0 + 0.1 msec{(30.25)Sdiv x 757547y X Ldivl
= 0,1 msec

1) =02 |

*
f(t,) = 5.00

Mv-
.1 msec

20 large
div =2 m sec

.

f(tg) = 10.0
*

f(t) = 15.00

large div =
Ldiv

small div =
Sdiv

This procedure wa

«-230+01msec[6529x322ftsec]
T g

% (-23.0 + 0.21) frsec™)

D - 22.79 ftsec_]

s carried out for t = 0 to 10.5 msec.
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From Graph 25 it cap be seen that x(t) =0 at t - 5.72 msec.
The corresppnding point on‘the acceleration curve is pointed out on
Graph 24 for the third acceleration peak. It also can be seen that
the velocity reaches its pasitive maximu of x(t) = +8.4ft sec'1.f6r
%(t) =0 at 9.60 msec.

The veldcity curve x(t) in Graph 25 was integrated again from 0

to 10.5 msec. The integral of the velocity curve x{t) produces a

) \
displacement curve x(t).

b Y
(5) Siu)m-xu)‘ ,

a a

The displacement curve has been piotted in Graph 26. To show the

i

integration procedure, the first integration of the i(t) curve for
Graph 25 has been performed, Equation (6).
t==4Sdiv ASdiv

(6) §‘ ©f(t) dt = f - x(t) dt& 0.1 msec|23.00 + 22.93 + 29.90
0 0

. 22.71] ftsec™"

at -p-—;—a——s'—q—;—o-)-msec or ;(5.72 msec) > - 0.009054 ft
#

*

= 0.1 msec
x -
f(t1) =-23.00 ft sec !
?(t;) - 22.93 ft sec']
Ft5) = 22.90 ft sec”]

* -1
f(ty) = 22.70Ft sec
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The precgding procedure was carried out for t= 0 'to 10.5 msec,

From Graph 26 it can be seen that maximum dispIacemeﬁt 1; feached
at x{t) = 0.09 ft which corresponds to ‘t = 5.72 msec, ;c(t) =0 or
;(t) - 188 g. It is 1ntere§£ing to note how 1ittle the three accelera-
tion peaks of Graph 24 affect the velocity and displacement curves of
Graphs 25 and 26.

The load cell signal for tface 185 was also replotted on Graph 27.
There is a 0.7 msec delay between the time the accelerometer first
senses a dece1erat10n-and the-1oad'ce11 senses any force. The three
well defined force peaks need not éorrespond to the three acceleration
peaks. The wave phenomena and damping characteristics of the helmet and
headform have a]te}ed their occurrence in time so that the force peaks are
no;_in phase with the acceleration peaks. Interestingly, the force goes
to zero at the samé time the acceleration is zero. The examination of

other traces for helmet and MEP tests shows that the above phenomenon

is cojntidenta].
; The three acceleration peaks can be thougﬂf of as the strikér
Jovercoming three barriers of resistance, before assgming maximum dis-
placement and zero velocity. The first two force peaks represent sharp
increases and decreases in force that pose a likely hazard should they
be transmitted to the brain of the helmeted human.
In the integral calculations of the acceleration curve for Graph
25, the ideal velocity of -23.0 ft sec”| was used. Since guide wire

friction and air fricfiona] resistance exist the real velocity will




‘be less than -23.0 ftseg . If one supposes that the maximum velocity

..:f - .].37 ‘-T

1

occurred at peak acce]eration then from Graph 24, this would occur at’
peak (2} for 4.2 msecs. If x(t) =0 at 4.2 msecs then curve (2),.
Graph 25 woﬂld result. Curve {3) illustrates a further shifting of the
velocity curve. . .

- For curve (2) the real velocity at impact would have been 13.6
ftsec'].Th1S is a 41% difference than the ideal velocity. Throughout
the testing, visual tests were carried out to monitor free fall ébndi-
tions. The visual tests consisted of dropp1ng a steel nut and the
stniker from the drop release‘and visually observing ‘their impacts from
a 2.0 m drop height. In all checks thrgughout testing the guided
striker appeared to fall at the same velocity as the ste%1'ﬁut. h

The periodic calibration checks for force and acce]eration at
standard drop heights 111ustrated that the free fall ve10c1ty remained
consistent throughout the test1ng programme, It was also assumed that

the wisual velocity checks cou]d guarantee velocities which were within

10% to 15% of the jdeal ve1oc1ty : ‘

Considering the crudity of th1s method of v15ua11y monitoring
striker velocity, an attempt was made to have a velocity measurement
device fabricated. Uﬁ;ortunately, this*ﬁevicé could not be obtained -
until well after testing had been completed. .

If visual ve1ocity comparison indicates actual velocities are

within 15% of the 1dea1 velocity, and if zero velocity occurs at peak

acceleration which dictates that the actual velocity is A% from ideal,
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whﬁt explains this discrepancy?

This discnepéncy may be partially explained by cons*dering wave '
phenomena, damping charaCteristits and the surface contour of the '
medium being impacted. %he physical time it takes for the wave to
travel through the helmet and headform tor the load cell wo?1d tend to
move the force curve to the right in Graph 27. The damping character-
jstics of the helmet and headform would tend to make the force curve
move to the left. .What this ﬁegns is that peak force need not neces-
sarily occur at peak acceleration. The matter is further complicated
by the spherical shape of the helmet as.it is impacted by the flat
jmpactor, this will tend to make the stress time curve non linear. Still
further complications arise when the plastic deformation of polystyrene
or the anelasticity of the MEP calibrating pad are considered. From this
discussion it is evident that there 1§)a need for more work to be done %
in this aspect of helmet-headform testing before more precise explana-

tions can be made.

-

<3
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VII - 3 - {(viii) COMPARISON OF ~ACCELERATION AND LOAD CE L TRACES FOR .

MEP AND HELMET TESTS

In generai the MEP tests tend to have very we]l defined load cell*

and acceleration traces similar to a half sine wave. For example,
trate #163 for the MEP falling on the Sierra headform Test #44. Here :
it can be seen that peay force and peak accgleéayiqn pccur at neanlxﬁfﬂuyfgfk”*uIAW
jdentical times. We would expect the %(t), x(t) and x{t) curves to

be similar to those shown in Figure 83.

+ x(t) l
wT ! -
X |
I
| P N :
0 \ " t Figure 83
- x(t) 1 i :
1 i
b
by
PN\ *
- x(t) ‘ N \
I
I -~
"‘ | r '
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These MEP traces are very much different from the helmet‘traces
for the same headform Graphs, 24-27. The MEP traces are stiil more
different compared to the traces for cadaver 1 with a helmet, trace #204.
Here the accelerometer exhibits a trace somewhat similar to Sierra
trace Graph 24, but the load cell displays three peaks of force of
nearly equal magnitude. This load cell Trace #264 for cadaver 1 11lus-
trages the undesirable forcebincreases and decreases of the three peaks.

Since Trace #205 and 206 for the MEP falling on cadaver 1 show similar

force peaks, the peaks in Trace #204 may have been somewhat a manifesta-

tion of cadaver head-neck interface problems. The force peaks for
cadaver 2, Trace #21) were not as prbnounced as those of cadaver 1. The
helmet load ce]i And accelerometer traces will require a fairly
exhaustive study before detailed explanations concerning their shape

can be given.
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VII - 3 (ix) SUMMARY OF CONCLUS TONS

1. From the MEP and helmet tests of phases (1) to (1V) the Sierra
headform compared most closely with the cadaver heads and is conse-
.quently recommended as the headform to be used %or the multi position
mode tests of Phases (V) to (VIII}. It is ‘proposed to compare the

Siefra headform performance with the CSA-P-L headform. It wa§ deemed ~~ ..
desirable to test one of the headforms that came close to the Sierra

in performance for the MEP and helmet tests as well as permitting a

rigid neck mount free from interface problems. The CSA-P-L headform
fi11ed these criteria best. By testing this headform the added advan-
tage of gaining information for the CSA Hockey lleimets Standards Commiittee
was achieved.

2 For the MEP tests of PhageS'(I) and (IV) the main factors governing
headfofm performance were-qundxfo be (1) anthropométric shape and

(i1) stiffness.

3. For the helmet tests of Phases (II) and (III} the main factors
governing headform performance were (i) anthropometric shape, (i) concept

of effective mass and (i1i) stiffness.

4, 1t seems qu{te apparent that the load cell does noct err. It describes
precisely what is sees. Thus far the load cell used in conjunction with
the accelerometer has been a valuable tool in deciphering what happened

during and after the impact.




plastic large headform (CSA-P-L). This CSA hockey helmet headform was
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VI - 4 -ANALYSIS OF PHASE (V) (v1), (VII) and (VIII) )
VIT - 4 (i). PHASE (V) B '
These tests involved the use of the mu1t1pos1t1on mode (MPM) test
apparatus with the_previous]y reconmended Sierra headform and the CSA .

]

L)

chosen on the basis of thé headform's relative closeness in performance
to the Sierra headform for the MEP tests and the ease of fastening a )
rigid steel neck for tests with the mu1t1pos1t10n test rig. |

The manner in which the steel neck height for the cadaver heads

and the plastic headforms was determined is shown in Figure 84.

Determination of Steel ‘Neck Size and Location

Figure 84



r
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attempt was made to have relatively the same neck length and height

from the crown to the base for each headform. The neck arrangement

for the CSA plastic head form is shown in Figure 85A, The steel neck

Pressfitted Steel Neck
Figure 85A
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s fitted into a 1 1/2" d hole to a depth of 2 inches, thus

was pres
. making the neck - headform interface extremely rigid.

The results of the multiposition mode testing can be found in

the tables and Graphs 16-23.

The heights of both headforms were measured with a Vernier h%ight

gauge. The distances (h } from the base of the neck stock to the crown

are shown in Table 25.

h
13.775 inches Neck Position /

Sierra
CSA - P - L|15.417 inches Table 25

Difference 1.312 inches

In order to insure the impact striker had zero tangential slope at the

point of impact the headforms had to be positioned differently in the

aluminum neck clamp that secures the headforms to the curved positioning

%

rajls, Figure "85B.

Aluminum Neck Clamp
Figure 858
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The distance of penetration by the headform neck stocks beyond the .

neck clamp was observed and recorded for each impact position of both
headforms. This'distance, labelled stock extension, varied only
slightly considering the 8.75 inch cantilevered length between the .
point of impact and the neck clamp, R*, Figure 87. The measured values

of stock extension are listed in Table 26.

Table 26 (Stock Extension)

Stock Extension (inches)

Headform | Parietal Parietal Occipital | Frontal Wweight (kg)
Left Side| Right Side . :

Sierra .265 .265 :325 0.00 .| 9.043 kg

‘ CSA-P-L 1.907 1.907 - 1.967 1.642 8.758 kg

The above distances take into consideration the fact that the neck
stock of the CSA-P-L headform is 1.642 inches longer than the Sierra.
Figure 87 illustrates that increases in stock extension increase
the stiffness of the headform-neck beam by shifting the centre of mass
towards the neck clamp. The weights of the headforms as shown in
Table 26 were within 3,0% and the centres of gravity were crudely found
to be within about 5.0% of each other for the y-direction of Figure 87.
Graphs 16, 17, 18 and 19 show the results for each headform vihen
impacted by the 5.0 kg MEP striker. It can be seen that both headforms

occupy the same regions and respond very similarly. In both headforms

* R is the fixed radius about which the neck clamp rotates.

Il
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Point of Impact
.Parietal Right

Side
R
o\ \
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- -
\‘t© .
Cof G
Stock EXLension —wme jeeem—
}——— h —
Relatjonship Between R* and Stock Extension
Figure 87
the parietal positions seem to have higher load cell and acceleration P
f

readings. This is probably due to the flatter impact surface of the

" headform when in position for parietal impacts.

The general good agreement between the two headforms for the
multiposition mode MEP tests reinforces their good agreement in the
fi xed mode MEP tests. Comparing Graphs 16 and 18 with Graph 4 of the
fixed mode it can be seen that the regions occupied are very similar
for-the two‘headforms. However, when looking at the FMA §a1ues of

Graphs 17 and 19 it can be seen that these values are about 1000 1bs
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or 20% lower than the corresponding fixed mode values in Graph 5.

The reason this phenomenon occurs is e;senf?ﬁ?%y a stiffness
reason similar to the case of the fixed mode, only in this case the
apparent lack of stiffness of the.mu]tiposition-test paratus is
considerably greater than in the fixgg,mﬁagi Thfgﬁr-ck of stiffness'
results from the cantilevered beam (headform-neck arrangement) and
the elastic properties of the test apparatus itse]f. The decreased
stiffness méy increase the effective mass which, as seen previously,
increases the percentage difference (P%) between PMA and PFLC. An
attempt to establish this loss. of stiffness was made in tests 66 and
96. The first four impacts of Test 66 of tfe tables were without any
support. The fifth impact used a machinist's jack as a support but

with the jack just touching the parietal left side as in Figure 88.

Impact Point

Hachinist's
Jack

Figure 88
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The sixth 1mpa¢t jncreased the contact:area between the jack and
headform with the use of a large flat washer. The seventh impact was
a control} impact like the initial four without the support. - . o -

From the tables and traces 229, 230 and 235 a number of ipterest-
ing observations can be made. | '

Trace #229 for test 66-1 shows a considerably lengthened accelera-
“tion and load cell signal. ™ This effect is due to the striker decelera-
ting to a beak value upon initial impact and‘again decelerating to
another peak as the test apparatus reaches the end of its elastic
deflection.

For Trace 230, the jdentical wave forms as in é29 can be seen fpr
Test 66-4. The 2nd set of signals for Test 66-5 shows how the support
has flattened out the cecond acceleration pulse and shortened its time

duration. It is worthwhile to note that the addition of the support

did not change the slope of the initial acceleration pulse, just the

magnitude of the peak slightly.
For the load cell signal the addition of the support caused the
1oad cell to sense the impact approximately 0.4 msec earlier. The
initial slope of the fdrcé‘;ﬁirease changed to a uniform slope. The
addition of the support also reduced the puise time duration by re-
ducing the flattened plateau after peak force occurred. Comparing
Trace 231 for Test 67-1 (for the MEP falling on a flat plate from 1.5 m) :
with Trace 229 and 230 it can be seen that it takes about 1.5 msec for

load cell to sense peak force in the multiposition mode.
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It was noticed after the fifth impact that the ball had penetrated'
the headform after impact causing plastic defoﬁmation of the hé‘grorm.
It was hoped for the sixfh impact this could be avoided by increasing
the contact area and preloading the jack to 10 ft 1bs.

The pulses labelled (1) in Trace 235 indicates the sixth impact of
Test #66 and (2) indicates the seventh impact. \

For the seventﬁ impact the trigger was aqvanced slightly to avoid -
signal overlap.

As before, the addition of fhe support served only to increase the
peak acceleration without changing the initial slope. The support
shortened the time duration by 2.6 msec and completely removed "the
second acceleration peak leaving only a slight bump at 1 msec after s
peak acceleration.

The support increased the slope and peak magnitude of the force

pulse and shortened the time duration by removal of the plateau portion

|
!

after*beak ﬁgrce occurred. The addition of the ;upport also caused the
load cell to achieve peak force about 2.1 msec earlier.

From the tables with thé support there is a P% of 37.75% compared

to 24.22% without the support. This implies that the concept of effec-
tive mass is not the major factor it was in the fixed mode. It seems
that the addition of the support has t;ansmitted the force faster and
more efficiently to fhe load cell. This explanation seems reasonable
when the forces in the apparatus after impact are considered. For

instance, the energy ibsorbed by the neck clamp in resisting the bending
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of the headform neck cannot be passed on to the load cell.

- It can also be said’ that the 2.0% loss for impact five for P%
was due to the energy required to plastically deform the headform at
the support not being passed on to the load cell.

‘Comparing traces 307_£o 311 for Test #96 kwhere the MEP impacts
the Sierra occipital regien with the support jack)with traces 214 to
219 for Test #60 (for the same impact as above without the support)
observations similar to the CSA plastic headform can be found. '

‘Looking spec1f1ca11y at Traces 310 and 215 for 2.0m drop heights,
it can be seen that the use of the support. “increased the slope of the
force signal and shortens the time duration of both the accelerometer
and load cell signals. ‘Tﬁe only evidence of the plateaus after the
peaks, occurs.for the load cell where there is a slight step after
the peak. This is probably due to the headform's urethane skin bot-
toming out at the support. It should be pointed out that to assess
tﬁe siopes as mentioned above: the traces had to be replotted taking
iﬁto account the different scale factors. |

The new support that was constructed for Test 96 that would allow
~for an increased contact area at the support-headfgrm 1nterfﬂEe is
shown in Figure 89.

From the tests for the two headforms wieh and without a support,
it can be said that when both headforms were supporfed, the P% was not
substantia11y,reduced through a decrease in effective mass. This may

have been also due to a still too small contact area for the CSA head-




»
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form and the fact that ysjng the support with the Sierra headform '

necessitated having compressed urethane skin between the support and

the cast aluminum skuj].'

Figure 89
Multiposition Mode Headform Support
Even though energy is thought to be lost t

the multiposition apparatus still provides

o the load cell primarily

at the neck clamp,. a valuable

means of headform or helme

with the accelerometer.
n be seen that further support testing should pro

-

it ca vide the

necessary information to ca11brate the apparatus for use in any he]méf

»

standard.

t comparison using the Joad cell in conjunction
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VII - & (i1) PHASE (VI and (VID}

With the use of ihe helmet positioning index, the ESA.plastic.
the Sierra and oné cadaver head were tested in the multi-position
bde For each 1mpact a new liner was prepared with a comfort liner
" and 1nserted into the same'yeﬂow outer shell previously used in the

._ffked mode. <2he results can again be seen in the tables and Graphs 16
to 23. “Y ) | .

L\f,: Test 94 .tested the CSA plastic headform for the frontal region

and Test 90 and 92 tested caﬂaver head 4 in the same area. Te;t 9%

N compjeted the frontal tests with the Sierra headform. Gfaghs 20 and

21 show these comharisons ‘ j )

" In Graph 20- (H vs PFLC) the CSA headform is closest to cadaver
head 4 (prior to fracture of the plastic neck at a drep height of 1.5 m)
‘while the Sierra is about 40% higher. This probably means "that some
jmpact energy for the CSA and cadaver head 4 .was lost in plastically
~ deforming the polxg}zrene liner. For the case of the Sierra headform
the elasticity of the skin allowed the striker to compress the skin and
ther eventually pass some,of the signal to the load cell a few milli-
séconés.Iater without doing as much plastic deformatfon to the liner.

In Grahh 21, the Sierra ang the CSA perform similarly, but both
are about 17% higher than cadaver head 4 at the 2.0 m height. Further
testfhg here with cadaver heads will validate the relative closeness

of the Sierra heagform to cadaver heads. It is the author 3 specu1at1on

again that had the wall thickness of the Sierra headform been thinner

e
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it wouId have behaved more closely to cadaver head 4.  This fact could
be proven if the thin walled cast aluminum headform could be mounted
ih the mu1t1position mode

It can also be said from the behaviour of the Sierra headform in
Graph 20, that there seems to be further ev1dence that the skin thickness of
the Sierra could be decreased g

It shou1d be noted that cadaver head 4 beionged to a female : e
-eeecimen. From.the previous discussion of reference (25) the fact that
cadaver head 4 was female suggests a decreaeed skull stiffness should
. be expected relative to the male cadaver heads tested in the.fixed mode.
Hence, the cadaver head curve in Graph 21 may have been closer to the
S{erra headform had a male cadaver head been tested. )

The dotted lines in Graphs 18 and 20 for the he]meted cadaver
head 4 Tests 90 and 92, indicate the effect of breakage at the plastic
neck. This breakage also dramatically i1lustrates the concept of ef-
fecti\}e mass‘. Here the acceleration signal remains constant with a near ‘
doubling of the force signal. The same effect could be seen when
breakage occurred at 1.50 m for Test 90, Figure 90. After Test 90
the plastic neck portion was enlarged as shown in Figure 91. After
the plastic fractured again at 2.00 m for Test 92, Figure 92, the

plastic portion.was dismantled and repoured us1ng a fiberglass aggregate

to strengthen the plastic neck further for Test 98.

-
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Figure 90

Breakage of Plastic
Neck Portion
Test #90

Figuré 91
Enlarged Plastic

Neck
Test #92



Cracking of Enlarged Plastic Neck
Figure 92

Tests 95 and 97 were carried out to evaluate system stiffness with
helmets. The same support used in Test 96, Figure B9, was used for
Test 97.

The graphical results for these two tests afe illustrated in
Graphi'18 and 19. Test 91\is witp the support and Test 95 is without
the support. These results are also shown in Graphs 22 and 23. The—
support makes the accelerometer sense an eighteen percent stiffer impact
medium for the PMA calculations. The load cell detectéd.an 87% increase
in force transmitted to it with the support. Comparing traces for the

2.0 m drop height, the acceleration s1gna] in Trace 306 for Test 95 has.

a longer time duration and flatter peak than Trace 312 for Test 97
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Both traces have jdentical §1opes before the peak. This agrees with
what was seen in the MEP tests.
The addition of the supﬁort increased the slope of initial rise W
in transmitted force of the load cell. The support shortened the time \\t:>
duration and caused a double spike. The peak force also occurred ’

) w
several milliseconds sooner. These observations also agree with thé

MEP tests.
The most significant observation for these two tests can be seen
in Graph 2?. At the 2.25 m drop height there is a significant drop
in the traﬁsmitted force. This drop in force resulted ?rom a crack
in the polystyrene foam Tiner that openedtgpfslight1y ai 2.00 m and
became fully developed at 2.25 m. The energy to cause this permanent
deformation was not able to be transmitted to the load cell. No.
evidence of this phgnomenon appears on the acceleration trace which ‘
reinforces the author's opinibn of the desirability of using both

accelerometer and load cell for mod{;;;;:a\he1met testing.

VII - 4 (iii) PHASE {vII)

Using'the new neck with the fiberglass aggregatg§ caaaver 4 was
tested in the frontal .position without a helmet usindﬁthe 5.0 kg ‘
flat striker. Graph 18 and 19 chow the results for Test 98, Cadaver
ﬁead 4 was.impacted at .15, .25, .30, .38 and .46 m with a skull

fracture occurring at .46 m as shown in Figure 93.



Frontal Skull
Fracture

Figure 93

|
|

As indicated by Trace 316, the skull fracture was highly identi- -.
fiable similar to previous tests. The fracture was also accompanied .
by the characteristic noise. The fracture, Figure 93, was similar to N
those photographed by Hodgson (21). and Nahum (25). It started due to
the stress concentration created by the upper orbital of the eye.

Table 27 comparEs the results with Hodgson's results. Hodgson
dropped the cadaver heads onto a flat plate supported on a load cell.
The .accelerometers were mounted on the side of the head to measure
frontal impact accelerations.

Hoﬂgson impacted the cadavers usually once unless fracture did not

occur. The reason for this as mentioned previously, was to minimize

the breakdown of the soft tissue at the impact site.

<
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* Table 27
Cad Drop Drop aPeak  pass My  Peak  qg
No. ﬂt. Ht a-p Force ° Sex
. din. #m G 1bs. 1bs. PFLC
18 .46 212. 11.02 2330 2198.5 -6.10 " F
1717 10 .25 195 10.0 2300 1600 -30.43% M

A
B
1701 B 10 .25 345 . 8.0 2960 1450 -51.0 i
1699 8 10 .25 220 10.0 2700 1700 -37.0 M
1805 B 10 .25 150 10.0 1900 1450¢ -23.7 M
1873 8 25 .64 195 10.0 2400 2100 -12.5 M
1857 B 30 .76 220 11.8 2566 ZOOO- -23.0 M

A - Cadaver heads—6sted by Webster.
B - Cadaver heads tested by Hodgson.

Test 98 contained more than one impact ih order to establish .
the effects of fatigue caused by the pfevious helmet tests. After
5 impacts with a helmet and 4 impacts without a helmet, the cadaver 3
head 4 still had high force and acceleration readings compared with

the heads tested by Hodgson. It can then be concluded that the helmet

tests did not significantly fatigue cadaver head 4.

fhe reason behind the large pg for Hodgson in Table 27 was probably
due to the accelerometers seeing more of the resonance type vibration
than the load cell which was the opposite of .the University of Ottawa's
case, Another observation'of‘these tests is that the female sex of

cadaver 4 doesn't seem to have lowered the fracture load as would be

expected.
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4. Testing a variety of headforms in the multiposition mode with
the MEP and with helmets should give conclusions identical to those

in the rigid mode with respect to factors affecting headform performance.

e B




/ ‘ D18
~ - 160 - R

JyTT'- 4 - (iv) SUMMARY OF CONCLUSIONS FOR THE MULTIPOSITION MODE
g TESTING FOR PHASES V - VIII

1. From Graph 21 it was seen that the S1ef:z headform compared most
closely with cadaver head 4, but in Graph.ZD the CSA headform compared
most closely with cadaver head 4. It was suggested that this may have
been due to the elasticity of the Sierra's urethane skin and due to the
stiffness of the female cadaver head 4 being less than the male cadaver
heads tested in the rigid mode. To verify the explanation of this
anomaly, further testing is recommended to uﬁderstand more complietely
tne multiposition mode test apparatus. Uespite tnis minor point, the
Sierra headform is believed by the author to be the neadform that should
be used in the heimet standard proposed by iiewman for the Canadian
Standards Association. Continued headform and cadaver head testing
should be carried out to investigate the possibilities of using new
generation frangible neadforms folF use in futu;e versi;ns of CSA

Standards.

2. The multiposition mode test apparatus has proven to be an extremely
useful too) for evaluation of the\pfpformahce of headforms and helmets

in many positions. It is believed that further testing of headforms and
cadaver heads will reinforce the above statement.

3. The multiposition mode tests estab]ishéd furfher the need to use
both the accelerometer and-;hé load cell in the helmet standard proposal,
rather than just the accelgrometgr.

4. Testing a variety of headforms in the multiposition mode with the

MEP and with helmets should give conclusions identical to those in the

i xed mode with respect to fact0r§ affecting headform performance.
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VII - 5 ANALYSIS OF PHASE (IX) TESTS

2II - 6 (1) PHASE (IX) - Ladd 6

T rgsu]ts of the Phase (IX) -1 and 6 tests have already been

discussed in this Chapter (VIIg 2) in connection with Ebar plate

tests for the stiffness correction factor.

v

VII - 5 - {ii) PHASE (IX) - 2 MINERS' HELMETS

Test 68 consisted of three 1mpacts to a prototype mining helmet
with an ensolite and web suspension using the CSA-H;L-C headform in the
fixed mode. The traces (not shown here) had the accelerometer reaching
a peak then going back to zero before reaching a larger peak after which
zero acceleration had been maintained. To further understand this
phenomenon, regular mining web type suspension helmets were tested with
the spherical wooden headfdrm, Test 69.

. This zero acceleration between the two peaks can be seen for

Trace 69-1 which follows Trace 235. The steep acceleration and IOad i
cell peaks to the extreme right of the trace illustrate the effect of

the striker bottoming out on the headform, The first peak occurs when
the striker first impacts the helmet. The deceleration decreases to
zero while the striker and the helmet move down at constant Velo ity
forll.z m sec towards the headform. As the suspension begins to stretch,
it starts to decelerate again. Table 28 115;5 fhe heimets tested in
cross-reference to the tables and traces. Helmets were posigioned

[

visually.
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"Helmet Description

TABLE 28
Impact Trace Helmet Trace
No. - No. No. td
69-1 1 1 1 msec/div
69-2 2 curve 1 2
.2
69-3 2 curve 2 2
69-4 5
69-5 5
69-6 5
69-7 6 4 5
69-8 7 5 5
69-9 8 5 5
69-10 9 7 5
©69-11 7 5
69-12 10 5
69-13 1N 5

(White) Fibre metal |Brow brim|

(Yellow) Fibre metal with top pad
|Brow brim| .

(Yellow) Fibre metal with top pad
|Brow brim| .

(Brown) Phenolic MSA |Brow . brim|
(Brown) Phenolic MSA |Brow brim|

{(Brown) Phenolic MSA with top pad
|Full brim]

(Brown) Phenolic MSA with top pad
|Full Brim|

{(Orange) Fibreglass ultimate climbing
Helmet

(Orange) Fibreglass ultimate climbing
lelmet

(Beige) Polyethylene Top Guard |Full
brim?

(Beige) Polyethylene Top Guard |Full
br1m7

(Yellow) Polyethylene Erb |Brow brim|
(Yellow) Polyethylene Erb |Brow brim|

Top Pad - Refers to a piece of 1/2 inch tﬂ"k ensolite glued to the

outside of the outer shell

v

of the helmet.
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In Test 68 for impact three the suspension and ensolite pad

* pottomed out as shown in Figure 94,

»

Figure 94

The peaks of the force and acceleration were recorded for calcula-
tions. From the tables it can be seen that the F% was 45% less than
for the first two impacts. The reason for this is again effective mass.
For the first two impacts the effective mass is the mass of the striker
plui the mass 3f the helmet. For the third impact the mass of the helmet
cannot be added since it was essentially statiohary against the headform.
For Tests 69-1, rivets popped in the suspension and a vinyl draw-
‘ﬁtring in the suspension snapped for Test 69-5. In both of these impacts
the F% was noticeably lower due to energy not breing transmitted to the
load cell. These tests providéd valuable insights into the behaviour
of a different type of head protection on a headform mounged with zero

eccentr(crty (e = 0).

L]

Load cell Signal

Accelerometer Signal
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. VII - 5 - (111) PHASE (IX) - 3 CHANGE OF FALLING MASS  TESTS

Test 76 dropped the 5 kgﬁl].OZ 1b} fliat striker onto a s;@tionany

MEP pad. For test 76 and 77 the MEP calibration pad was supplied by
the Snell testiﬁg facility for comparitive testing purposes. Test 77
dropped the 10.1b (4.54 kg) flat s{riker onto the stationary MEP pad.
The results from the tables weréjplotted in Graph 30. Thelresults are
as expecfed. The smaller mass has reduced acceleration z?d ioad Ee]]
readings. From the traces it can also be seen that the pulse time
duration is shorter for the 10 1b mass which {s to be expected. Curve
#1 in Graph 30 gompares the results of Te;t 24 (for MEP falling on the
flat plate). The curves are of ths same shape as expected and as
touching the Snell MEP indicated it~1s not as stiff as the University

of Ottawa calibration pad.
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VII - 5 - (iv) PHASE (IX) - 4 OTHER TESTING HOUSE COMPARISON TESTS ’

Test 75-had the Snell Z90.1 headform falling on'to'the sfationany
Snell MEP calibration pad. The‘regﬁlts'were compared with the-finding§ from

Bell Helmets Corp. and the éouth we;f Research Institute (S.W.R.I.) in
Graph 31. '(28) )
It can be seén that the Uhiversity of Ottawa results compare fairiy
closely with the S.W.R.I. results. Both curves, however, differ by ap-
proximately 25% with the Bell Helmets curve.
The higher‘reaaings by Bell Helmets may have been due ko higher

impact velocity resulting from lower guide wire friction, the use of an
"

impact mass greater than the 11.02 1bs used by the University of Ottawa, '
f

errors in accelerometer output measurement, or errors in velocity
measurement.

Table 29 lists.the Bell and S.W.R.I. ideal and actual e1apsed times
for é 1.00 inch blade to open and close a 1ight beam-photo cell circuit
just before impact. '

From the elapsed times shown in Table 29, the average percentage
difference differed for the S.H.R.I: and Bell Helmets by 1.68%. This '
seems to imply that velocity is not the cause of the discrepahcy in
Graph 31 between Bell and S.W.R.I. testing facilities. The above impli-
cation would on]y be true if the times recorded over the 1.00 1nch‘dis-

placement were correct due to previous calibration.

Further discussion concerning Graph 31 and Table 29 will fb11ow the

.

velocity tests of the next section (VII - 5 - {v}).

é‘ .

[ PR R T
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- X - - Table2y .
Drop . Drop  Ideal Bell %~ SWRI % ‘Uof 0O %
(m). Y Lo ' ) Graph 32 .
Height Height M Sec- = M Sec ”D"iff M Sec Diff M Sec Diff
0508 2" . 29.09 . . a
' L1270 5" - 16.66 .
254 10" 120 1177 5.08- 12,272 .. 9.57
.381 15" 9.55  9.27 - 1.88  9.728. 1.88 11.25 15.1 %5
508 - - 20" 8.06- 8.49 5.33 . 8.389 4,08 9.75 17.33 '
s .635 25" 7.26  '7.42 2.3  7.458 2.87 8,16 11.15
1.1176° 44" 5.86 . 5.63 3.1 5.60 2.56  5.97 8.54
1.2192 48" 5.20 5.29 1.73 545 480 5.72 752
1.3208 . 52", . 500 . 513 2,60 543 - 8.06 5.50 9.09
| ‘ 3.T5% T8 . TIBT
) . b 1.68% _ B
‘ i — 8.36% |
s e
- . -
‘ ety
..l‘ ’ . ) )
[3 .'
-~ . -
Q " . * = ‘:.
. . - " . -
™~ . '
Y . . )‘b
- . . .
. ot ¢ o
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VII - 6~ (v) PHASE (IX) - 5 VELOCITY TESTS L .

'M . ‘ " + . -

The velocity tests were carried out with, the ve]ocity‘measurement

device shown in Figure 75, for the 5.0 kg flat jmpactor falling on the ‘

. MEP ca1ibrat10n pad. . ’
Tests were carried out in Test 99 for drop heights of 0.25 M to 2. 50 m.
These results, Table 30, were_plgtted for ﬁraph 32 to 5. . o
- " - ' . '
Table 30
M @ . (3
h, * Ctime -t * Ve10c1ty Ve]ocity W P e - ;
(Meters) (M secs) Actual (ft.sec ]) Ideal (ft.sec” ) % Difference i
‘2.5 - 419 19.86 22.70 12.50% !
2.20 - 4,256 19.57 . 21.52 9.06
1.95 4,453 . 18.71 | 20.30 7.83 &
1.70 - 4.734 17.60 - 18.93 ~ 7.03 1
1.45 5.222 15.95 | 17.50 . 8.85 g
1.20 5.766 - 14.45 . 15.90 * 9.2, |
_ 0,95  _ 6.42] 12.97 - 14.15 . 8.34
0.70 7.429 - 1.2 12,10, N7.36
0.45 - . 9.181 9.07 ' . 9.65 - . 6.01
0.20 13.858 6.01 ~ 6.51 7.68
| S " * pverage 8.376%

‘ h,* - Veloc1t drop height )

ual drop height 'between MEP and Jmpact surface

h—(h +005)m e N oy,
Column 1 1n Table 30)115t§\fhe drop hetghﬁ - h, for each test. The‘

] drop was measukpd}from the 10Qeg.edge'of.the blade to a point'midwéy

©

»
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" between the two 1ight beams. Column 2 1ists the elapsed time in m secs
fof the.mbving blade on Fhe striker, Figure‘ZB; to fall the distanéé hv.
By dividing distance between the two light beams by the'e]apsed time

an expression for average velocity is obtained. Y

, YoXe LOdn 1t
t 12 in 7 4,194 m sec

- 19.86 ft sec’)

Column 3 1ists the actual velocity while column 4 .1ists the ideal velocity
for ideal conditions (zero guide frictional resistance and zero air
frictional resistance). Column 5 1ists the percentage difference between
actua] and ideal velocity. | l

Graph 32 plots the drop height aga1nst the elapsed time between ch
1.0 inch beams. Curve 1:4s the ideal and curve 2 is the actual. From

this graph the elapsed times were taken for the drop heights of Table 29

and percentage comparisons were made between Bell, SWRI and the University

"

of Ottawa results. p

‘ It should be pointed out that no rigorous calibration of the University
of bttawéigglgpity measurement apparatus was performed. It is nét known

to what extentsthe other devices at Bell and SWRI were ca]ibratedz An
‘attempt was made td calibrate the University of Ottawa device using a
falling golf ball that was dropped simultaneously with the'5 kg MEP onto
the slotted plate. 1t was hoped that this wou]d yield two spikes on the

1oad ce]] trace and the distance between them a measure of the reduction

in ve10c1ty due to guide wire friction and the greater §1r fr1ct1ona1

- t——ﬂ *
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resistance of the striker. This 1dea did not work as well as expectéd,
but did seem to indicate there was up to about:-a 10% difference between
actual and relatively ideal ve]ocity This method proved to be a
11tt1e better than usual ‘comparing the frée fall of a steel nut with
the 5 kg MEP striker ment1oned prev1ous]y

Further testing anq calibratien of the University of Ottawa devicé
should indicate if the 8.4% average in Table 30 is correct. The device
is supposed to be accurate to within 1.0% if the ]ight beam photo cell
circuits are proberIy set up and maintained. _

Graph 33 is an extension of Graph 32. Here drop height is plotted
against velocity of the § kg MEP striker. Cur;e 1 is the ideal velocity,
curve 2 is the actual velocity. '

éraph 34 plots drop height against transmitted force. Curve 1 is
for the 5 kg flat plate falling or the MEP calibrating pad. Curve 2 is
fof the 5 kg MEP £alling on the flat plate. Graph 35 plots drop height
against impact force - m x a. Curve 3 in both these graphs is from
Test 31. #

Comparing Test 100 with Test 31 for Graph, 35, it can be conciuded
that the accelerometer calibration has remained constant err approximately
the one year between Test 31 and 100.

Graph 34 illustrates that the load cell sensitivity may have ch;nged\
s1ight1y when comparing Tegts 31 and 100. The dutha?\Qe1ieves the load
t cell sensitivity has rema1ned constant but the interface condition of the
top mountlng plate and the flat plate has deterf%rated and surface re-

grinding is necessary. Because of a deter1orated interface cond1t1on
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the effective mass: has increased thus increasihg the 10aduce11 s}gna1.
Graph 34 for qut 100 and 99 indicates that the Toad 6e11'appears
to sense little differenca whether the MEP is on the striker or top . *
mounting p1ate:' The accelerometer in Graph 35 does detect a differeﬁce.
The explanation of this occurrence also is effective mass. The load
cell senses an additional interface for Test 99 when. the MEP is mounted
on the flat plate that is in turn bolted on the top mounting plate.
This additional (now ground) interface increases the effective mass
thus increasing the load cell signal.
In essence the conciusion of tﬁis is that there is a differénce

between mounting the MEP on the striker to mounting the MEP on the top

mounting plate.
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VIII - 1 PREVIEM OF'CONCLUSfONS

This chapter 1ists 4n summary the magor conc]us#ons and recommenda-
tions in order of importance in Section 2 and the conclusions with respect
to the eight fundamenta] questions Yn Section 3. These conclusions havl®

fﬁrev1ously been stated in grq%;er deta11 throughout the text.

VIII - 2 MAJOR CONCLUSIONS AND RECOMMENDATIONS

1. Conclusion and Recormendation

The performance of the Sierra headform has been found to ccmparé
closest to the cadaver head tests. On this basis the headform 1s being '
recommended for use in the new CSA motorcycle helmet standard proposed by
Newman (7). The proposed use of the Sierra Headform and the multiposition

test Apparatus were conditional upon the results of this thesis. \\\\

2. Conclusion and Recommendation

The multiposition test_apparatus' has proven to be a useful tool ‘
for comprehensive testing of helmets, headforms and cadaver heads. ﬁifh
proper calibration {t 1s recommended as tﬁe test apparatus to be used in
the new CSA Motorcycle Helmet St;ndard.

3. Conclusion and Recommendation

-1t can be concluded from the test results that the load cell
used in conjunction with the accelerometer provides a better means of
monitoring helmet tests ;han either of the transducers used alone. The
author be11eves that any revision to the CSA Motorcy;lg_ﬂgl$et Standard -

shou]d 1ncorporate the use of both transducers to evaluate helmet

~“P

performance.m

[} . ; '{ \t-—
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4.. Conclusions

For the MEP tests ‘of phases (I) and (IV) the main factors
governing headform performance were found to be (1) anthropometric

shape & (2) st1ffness

For the helmet tests of Phase (II) and Phase (111) the main factors

governing headform performance were (1) anthropometric shape, (2) effect1ve:

mass and (3) stiffness.

’

If tests gimilar to[fhose above were carried out with the same
headforms in the multiposition mode similar results should be expetted.

5. Conclusion and Recommendation

The fa111ng 290 1 drop frame and ball used with the 5.0 kg flat
striker 1s a suitable device for use as a striker with the means 0
attaching the accelerometer. It {s thus recommended that this typg of
striker adaptation to the 290.1 drap frame be used for the CSA Motorcyc{e
Helmet Standard. This should prove\;o\be 11ttle inconvenience to helmet
test fac111ties‘since most have the 290.1 drop frame.

6. Discussion, Conclusion and Recommendation

Figure 100 shows one.example of a polystyrene iner from accident’
Case #61 wheré$the damage incurred was a great deal mofe severe than any
damage created by tﬁe 5.0 kg flat striker at 2.25 m. For purposes of
demonstration, Case #61 has beer chosen because 1t 1s an E;treme case

of helmet damage.

[

-
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Figure 100

| Figure 101 shows a typical liner impacted in ;he qccipita] region at
2.25 m with the 5.0 kg flat striker. It is plainly seen that no evidence
of damage comparable to Figure 100 exists. Both liners were weighed -
and found to be 98.0 g (Figure 100)and 84.5 g (Figure 101). Thus it

~can be assumed that they are relatively close in their densities, Gith

;h? damaged liner having the greater density.
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It can thu§'be'coné1uded'that the performangb test is not severe

enough to duplicate one of a number of accident situat1ons;ﬁ/1hus it
h

1s proposed that further éestipg be carried out to establisif the extent

Zohto ‘the falling

e standard. These

of velocity increases, mass increases and or shape chan
.

striker that will produce a more severe helmet per
shape changes might consist of changing the f]ﬁt mpact surface to a
hemispherical surface of a particular radius.

7. Conclusion and Recommendation

# With the use of a headform that compares favourably with ‘cadaver
heads, namely the Sierra, 1t 1s now possible to cont1nue pursuing the
question of the specific loading conditions that “caused head injury in
the accldent cases for the helmets collected. .
This may be done by attempt1ng to dup11cate thh permanent deformation
of the polystyrene liners:from the acc1dent cases, with the multiposition ‘

test apparatus.

8. Conclusion and Recommendation v : . ¢

From a high speed motion picture at Bell Helmets of the 290.1

‘he1meted headform impacting flat and hemisphericaI-surfacgs, the ;dvgn-

'tages of_using guide bars instead of guide wires was clearly evident.

After impact the wires and drop frame with helmeted headform flopped
around with whiplash-1ike effects.
The- pre11m1nary test1ng for this work led to the same observation,
hence 1/4 inch guide bars under tension were used instead of the fonven-

tional 1/8 inch strand wire in tension. ‘ R N
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".-9. Conclusion and Recdmménd&t1on ‘

A

The development of:plast1c necks (sde Appendix G).for testing
the cadaver heads in the fixed and multiposition mode has ‘proven to be
a major accomplishment. The use of this type of neck for further cadaver
head test1ng-5?"ﬁpe University of Ottawa and other reseaéchers should
significantly add to the bio-mechanical data on head injury.

It is recommended that further cadaver head testing of both sexes
in the fixed and muitiposition mode be carried out to begin adding to
and comparing hio-mechanical data for head injury.

10. Conclusion and Recommendation

_ The measurement of the recorded peak force nd peak acceleration
for calculation and comparison purpbses has prQVenii;\hg_a suitable choice.
The use of the velocity measurement device has made the impact information

package even more comprehensive. However, it {s recommended .that the . ‘
integral of the acceleration pulse (the velocity curve) and the integral

of the velocity signal (the displacement curve) also be displayed and
récorded.- This shoh]d give a very complete perspective of any jmpact of

interest.

11. Conclusion and Recommen¢at1on
The observance of multiple force spikes exhibited by the Toad
cell for helmet tests was not expected. This 1nd1catés that ;hhelmetéd
human head would be in ’fect recelying multiple impacts. It 1s thus
recommen&ed that this phenomenon be studied more closely with more poly-

- rcarbonate and fibreglass helmet testf;g. .

.\
3 )

o A
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2. Conclusion
The calibration of the accelerometer and- load cell has proven
successful on the basis of comparison tests with other‘test facilities.

13. Conclusion

The helmetZpositioning index proved to bé a fast, reliable means

of helmet posi g using heédforms or cadaver hedds.
" 14. Conclusion A
The use of various Cross- sections of helmet outer shells to
measu;; polystyrene liner deformation after 1mpact proved to be a
~ useful foo]. It is a]go believed that a clear plastic he1met she11 would
be useful for examining further helmets obtained frem the accident
dnvestigation.
15. Conclusion
The ability to recognize interface problems should prove

-
extremely helpful .for future testing.

16, Conclusion and Regemmendation

On the basis of pre]iminary tests using variable frequency
electronic f£iltering, signif1cant alterations to the acceleration and

load cell signals were observed It is thus recommended that f11ter1no

be avo1ded where possible. HNo filters were seen necessary for these

tests.
17. Conclusion ¢

The impact test facility developed for this work has proven

to be efficient repeatable and versatile. The fact that it is being

used for further dynam1Crngst1ng of polystyrene foam tllustrates its

Y

————— ®
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versatility as an impact faci\l}y used for testing impacts othér than
helmets or headforms. . ‘
18, Conclusion
The tests with the impact facility developed for this thesis . <%
have proven that the 300 1b block in the present CSA standard for
mounting the impact surface is not necessary when rigid concrete floors
are available. However, the impact surface must be bolted to the floor
by studs that are cemented with concrete in the floor itself. The
advantage of using a concrete floor becomes most obvious  ~ when low
laboratory ceiling heights‘are present.
19. Conclusion "
‘ The impact test facility and conclusions developed for this

|'thesis have prodqfed a basis by which answers to fundamental ' g

questios in the field of head 1ﬁjury may be ‘derived.

-

VIII - 3 CONCLUSION SUMMARY WITH RESPECT TO THE EIGHT FUNDAMERTAL
QUESTIONS FROM THE FIELD OF HEAD IHJURY

Question 1. Is the helmet standard performance test representative of
a typical hEImef impact involved in a motorcycle accident?

Conclusion for 1. Based on accident investigation and liner deforma-

tions from laboratory tests the author believes that the present standards
.should be modified to increase the input ‘energy and/or change the shape

of the falling striker. (See conc1us1on 6, Chapter VIIT - - 2).,

-

1
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* Question 2. Does 1t matter from what material a headform is construcsed? _
Conclusion for 21 It has been established:that the headform material ‘.

had a minor effect on the impact response of the helmeted headform.
¢iguest10n . Does 1t matter what headform shape is used?

Conclusion for 3. It has been shown that the head. form shape

especially headform radii of curvatures was the major fnctor affecting the

response of the helmeted heedfonns.' One implication of this conclusion . i

is that for various headform sizZ¥a (e.g. CSA-wooden-large and small head- \
form) it may be necessary to have d1fferent performance requirements in |
the helmet standard. This, as mentioned previously is due to the smaller

s1ied headforms having smaller radil of curvatures and hence causfng

different deformation pnocesses to occur to the helmet liners. -

Question 4. Does 1t matterh1ﬁ,the neadform is solid or hollow?

Conc1us1on for 4. For headforms of the same mater1a1 it was found that

solid headforms were stiffer than hollow headforms ‘ -

Question 5. Does i1t matter whether the headform is moving or assumes-a

~ fixed, swing-away or multiposition semi rigid mode?

- ggnclus1on for 5. The tests indicfted that the factors governing helmeted
headform response were the same in the fixed and muitiposition headform
modes. Further testing 1s necessary before the above statement could be' I
made for the falling or swingaway headform modes. . .
guest1on 6. Is it necessary to consider the mass 9f the helmet?
Conc1usion Sq ré6. The concept of effective mass 111ustrate§ that the
heTmet mass should be conzddered o b _

i
AN
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_ bio-mechanical data. for helmeted human beings?

s The 5,00Q 1bs comes from the (mass x "acceleration) relationship where .

- More recent b10—mechan1ca1 data suggests the 500 g or 5,000 1b is too”

: - 179 -

Question 7. Does {t matter whether deceleration of the helmeted head- .
form, deceleration of the striker, time duration of deceleration or S B
transmitted force of the helmeted headform 1s measured as output? :

Conclusion for 7 The author believes the best conf1gurat1on for

testing is in the multiposition mode monitoring str1ker ‘peak dece1eration,

load cell peak force, and striker velocity just before impact. As pre- _ _;’7
. - ‘ . %
v1ously mentioned, the acceleration integrals would be a useful cross- B Y
- ' : ~ RS
reference to the above measurements. | ' - A

guest1on Is the pass fail criteria 11m1t representat1ve of known '

oacTusion for 8. The present pass fail criteria-limit in the Eﬁa;o 230
» re
standard is not representat1ve of newest bio-mechanical data. The standard R

S

will pass all helmets that do not exceed 5,000 1b of transm1tted force

when impacted w1th a 10-1b flat 1mpactor from a drop height of 9.0 ft. ‘

( ]0 1b..x 500 g -=5000 1b). In other words, the headform is ngt supposed *
to sense an accelera;jon of greater than 500 g. This 500 g, according to

‘Patrick (29), was taken from the fact: cadaver heads were found to be B

subjected to average accelerations of 400 to 600 ‘g. - The Br1t1sh
standard was supposed to have adopted the 500 g Timit in their standard
The CSA D-230 standard is a modified version of former BSI‘standard.._ AN

high, (except perhaps for very short duratton 1oad1ng) The.fact that.
helmgted people are receiving head 1njury from moderate blows further ~ ':.,-
Indicates that this 1imit shguld be 1owered Extended he1met testing us1ng

the muTtiposit1on mode With cadaver heads and‘headfonns shou1d establish =
. -, - ﬂ"

‘ ‘SQCh:a 11m1t}orerigor0u51y. ‘ . . ‘ l.,". v & .

»
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ENDEVCO PRODUCT DATA

MODEL 2106E

\

High Dynamic Forces
Wide Frequency Range

DYNAMIC FORCE GAGE

The Model 2106E Force (Gage is a new approach in dynamic*force
measurement. 1t incorporates three force transducers in the same
plane which accurately simuiate point loading. This Endevco develop-
ment gives high force sensitivity while permitting the convenience of
the center mounting hole. It also permits a more stable design in
which the height is small compared to the diameter. This "fiat" con-
figuration practically eliminates conceTh about shear loads.

The entire top and bottom surfaces are used as load bearing members,
and this large area resuits in a gage with stiffness of 2.7 » 10° Ib/in.
High gage stiffness results in high natural frequency which permits
accurate force measurements at Mmgh frequonties. High frequency
response, high sensitivity, center hrlbgn)t',ng/;\zre and “flat” config:
uration are benefits of the three transducer concept.

The transducers used in the Model 2106E Force Gage utilize self:
generating piezoeiectric elements requiring no external source of
electrical excitation. -

Specifications for Model 2108E Force Gage

(According to ASA and [SA Standards)

DYNAMIC

CHARGE SENSITIVITY 15 pC/Ib., ' 50%

VOLTAGE SENSITIVITY! 2.5 mV/ib., nom.

AMPLITUDE LINEARITY Sensitivity increases
approximately 1% per
250 (b., 0 - 5000 Ih.

FREQUENCY RESPONSE (° 5%) 2 to 5000 HY

ALLOWABLE COMPRESSIVE LOAD’ 25,000 Ib., maximum
(Static)

STIFFNESS 2.7 = 10’ Ib.fin.,
nominal, with mounting

. bolt removed.

EFFECTIVE END MASS 0.3 1b.. nominal

TRANSDUCER CAPACITANCE 5700 pF, nominal

RESISTANCE 20,000 My, mimmum,

. output to signal ground.

10 Mil, minimum, signal
ground to case ground.

NOTES

With 100 pF external capacitance

IUse ENDEVCO" Model 727108 Series or 2718
Charge Amphhor. or voltage amplilier with
high input rewstance Seo curves below.

WCompressive preload must oxched dynamic
tonsile loagt by 1000 ib. or more

TYPICAL FREQUENCY RESPONSE

+10
c
5 -
2 -7
—re -
3 0 B o= ==
o 100 Mo -7 _/__
& oma
10 z
<2 : 10 - 100 1000 5000

Frequency — Hz

The solid line shows the response
when using a charge amplitier. The
broken line shows the frequency
response with 300 pF external
capacitance and when using a voltage
amplifier, The low {requency response
depends on the input resistance of
the voltage amplifier, as indicated

by the curves. .
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2

Specifications for Modsl 2106E v !
oo 1.935 DIA. o
| 1.210
l : . MA)\(.
13 B 2.179 MAX.
R CEZO) N
. st : . .515 DIA. MOUNTING HOLE
/ NO. 6=32NC-2 THREAD ~—
) . - {FOR GROUNDING tUG) .
Dimensions in inches i
PHYSICAL . .
WEIGHT 200 grams (7.1 oz.), nominal.

CRYSTAL MATERIAL
CASE MATERIAL
.CONNECTOR TYPE

Piezite® Element Type P-8,

Stainless Steel and Aluminum.

Coaxial, 10-32 thread, mates with accessory cable.

MOUNTING Hole provided for 14" bolt. High strength steel bolt recommended
for high force applications.
- Recommended mounting torque: 30 ft.-Ib, to measure up to
*+1000 pk |b.; 125 ft.-lb. to measure up to +5000 pk b,
GROUNDING Signal ground insulated from case.
+

ACCESSORIES INCLUDED Model 3090A-120 Low Noise Cable Assembly,

10 ft., 300 pF, nominal.
Model 10063 Tapered Adapter Block (173 grams).
Ground Lug and Screw,

ACCESSORIES AVAILABLE Model 2953 Force Generator ( 1 Ib.).

ENVIRONMENTAL Al

ACCELERATION LIMITS +1000 g, sinusoidal

+5000 g, shock

2

FORCE LIMIT
TEMPERATURE RANGE

Limited by strength of mounting bolt
30*Fto 4 200°F (--35°Cto +94°C)

ALTITUDE
HUMIDITY
SALT SPRAY

Not affected
Will withstand normal laboratory environmental conditions.

Meets MIL-E-5272C (with sealed connector)

APPLICATIONS

The exceilent design configuration of the ENDEVCO® Model 2106E brings new possibilities and conveniences in dynamic force
measurement, The Model 2106E may be used to measure forces transmitted by liquid or solid fuel rocket engines; turbines of all
kinds; or any rotating device, such as a generator, where the forces caused by unbalance must be measured.

When electrodynamic shakers are used as drivers of a complex structure, such as a wing section or auvtomobile, the Model
2106E Force Gage may be used to monitor the input force. It can be used in measuring thrust forces in hydraulic, pneumatic,
or explosive actuators. Other applications are the determination of dynamic loading characteristics of plastics and fibers, bulk
modulus studies of plastic materials, and measurement of forces generated by ball bearings.

For mechanical impedance studies, the ENDEVCO® Model 2110E Impedance Head is recommended.

Cantinuing product improvemaont nacessitates that Endevco Corporation reserve the right to modify these specifications and/or prices without notice

RELIABILITY: Endevco r_naintains_a program of constant surveillance over all products to ensure a high level of reliability. This
program includes attention to reliability factors during product design, the support of stringent Quality Contral requirements,

and compulsory corrective action procedures. These measures, together with conservative specifications, have made the name
Endevco synonymous with reliability.

CALIBRATION: Each lo;ce gage is dynamically calibrated for sensitivity with sinusoidal forces and its capacitance is measured
and recorded. Other calibrations are available, see Calibration Service Bulletin No. 301.

PRICE: (F.0.B. Pasadena) $425.00 in any quantity

Prices of ENDEVCO® products for expori or purchased with intent to export beyond the territorial limits of the United States are subject to special quotation.

ENDEVCO CORPORATION - 8Ol 50. ARROYD PARKWAY
Akron, Ohlo -

. PASADENA, CALIF. 91109 - TELEPHONE 213 795.0271
Boston, Massachusetts - Chicago, lllinols + Houston, Taxas - Huntsville, Alabams - Mountaln View, Callfornts
Pala Alto, Californis - Philsdelphia, Pennsylvanla - Washington, D.C. - West Patm Bseach, Florida

Reprasantatives: Austratia: Belglum-Canada-Denmark-England -France -Germany - Holland «italy - India - israsl - Japan -Norway - S.Africe -Sweden - Switzarland
TwX: 90 588.2272 Cable: Endeovco OCOPYRIGHT ENDEVEO COHPORATION 1667

Albugquerque, New Maxico -

FRIMTED IN U 8 A arar
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. 2275
‘ Low Strain Sensitivity f
FOLVED FIOOUET DATA Fiat Charge-Temperature Response
‘ Electrical Insulation
PRECISION .
ISOBASE™
. ACCELBROMETER
The Models 2271A and 2275 Accelerometers featuring the new iSOBASE®
construction represent a major breakthrough in the state of the art of trans-
ducer development. ISOBASE™ construction provides mechanical isolatlon of
the seismic element from the base, resulting in very low strain sansgitivity here-
\olore available only in shear-type construction.
The Modals 2271A and 2275 are precision accelerometers for use In the lab-
otatory or in airborne applications. They fealure extremely flat charge-tem-
perature response over a broad temperalure range, from —1857C to +260°C,
and excellent stability with time. Thelr high internal capacitance permits opera-
tion directly into oscilloscopes or voltmaters.
In the Model 2271A, the signal ground Is insulated from the case; in the Model
2275, signal ground is connecled to the case. The Models 2271AM20 and
2275M15 with dynamic characteristics identical to the above, respectively, 2271AM20
feature lop connectors. 2275M15 -
These accelerometars are self-generating piexoelectric transducers, require no ACTUAL SIZE
axternal power for operation, and may ba used with elther charge or voltage
amplitiers.
1
SPECIFICATIONS FOR MODEL 2271A AND 2275 ACCELEROMETERS
{According to ANSI and ISA Standarde)
DYNAMIC . : NOTES
CHARGE SENSITIVITY ... .......... 11.5 pC/g, nominal
10 pC/9. minimum 'With 300 pF axternal capacitance
VOLTAGE SENSITIVITY! . ............ 5.0 mV/g, nominal Nn shock massuremont. minimum pulse duration
MOUNTED RESONANGE FREQUENCY . 27 006 Hz + 3 kHz for holb-nina or trianguine puloes should excooed
. ' 020 mseglo avoird high Irequancy rninging Son
FREQUENCY RESPONSE (15%,: L. 210 551)0 HZ, s@ga curves balow? Fndovco Pieroelactnic Instruction Manuol
TRANSVERSE SENSITIVITY .......... 2% maximum; 1% on Waon ENCEVCOP Charge Amphitiar Serico 2700
speclal selection ar 2640
AMPLITUDE LINEARITY, RANGE . ....Sensitivity increases
approximately 1% per .
1000 g, 010 10,000 g
TRANSDUGER CAPACITANCE ....... 2000 pF, nominal
TRANSDUCER RESISTANCE ........ 20,000 M0, minimum at |
+75°F (24°C);
100 M2, minimum al
+500°F {260°C}
INSULATICN RESISTANCE (2271A) ... 10 M minimum
\
» N
TYPICAL TEMPERATURE RESPONSE }
. s
+5 P — The solid line shows the nominal
c 0 Bt - - charge-temperature response. The
2 e broken lines show the nominal voltage-
3 -5 = — temparalure response with the cable
s 0 T~ 2000pF supplied and also with.an external
- ; 300pr - ] capacitance ot 2000 pF.
=15 -~ L
°F ~300 -200 —100 0 +75 +200 +1300 +400 +500
c -184 -129 =72 -8 +24 +93 +149 - +204 + 260
Temperature
TYPICAL FREQUENCY RESPONSE
+5 The solid curve shows the charge-
H {frequency response. Tha broken lines
5 { show the voltage-freaquency response
H 0 — = - with the loads shown and cable as
& et e supplipd.
2 /100 Mu S 10 Mu Estimated Calibration Errors:
-5 H 510900 Hz: +1.5%
€00 to 10,000 Hz: +2.5%
b4 10 100 1000 10,000
Frequency — Hz
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Specifications for Models 2271A and 2275 A T e CAE & DIA
cifications r Modals ) N DEVCO 2090A SERIE ABLE J
P ’ . R EQUIVALENT. |~ T 2271AM20
\ . 2275M15
117 MIN
THD DEPTH 17
10-32NF-2B .
CONNECTOR 1.1%
10-32NF.2A THREAD A

MATES WITH ENDEVCC
3090A CABLE ASSEMBLY _

1 . T 117 MIN
{THD DEPTH
: AP

-
{OLERANCES i l '
e 03 =2 010 + D05 T s - ooa
XXX e 010 I+ tom coos - 10-32NF-28 '

r
Dimensian 0 inchos 540 DA =

PHYSICAL

DESIGN . Single-anded compression, ISOBASE®

WEIGHT ' 27 grams (1 ounce), nominal

CRYSTAL MATERIAL ' Piezite® Element Type P-10

CASE MATERIAL ‘ Staintess Steel

CONNECTOR TYPE Coaxial, 10-32 thread, mates with accessory cable

MOUNTING . Base tapped for 10-32x%” ENDEVCO® Mounting Stud.
' Recommended mounting torque: 18 in.-lb. {20 kg-cm)

GROUNDING 2271A: Signa! ground is isglated from case by 10 M{}, minimum
2275:  Signal ground connected to case.

ACCESSORIES INCLUDED Mode! 2981-3 Mounting Stud (10-32), or Model 2981-4 (M5 metric).

Model 3080A-120 Low Nolse Cable Assembly. 10 ., 300 pF
nominal capacitance

OPTIONS AVAILABLE . Maodel 2271AM20 with top connector.
Model 2275M15 with 1op connector.

ENVIRONMENTAL

ACCELERATION LIMITS vibration: 1000 pk g. sinusolidal, in any directio
Shock: 10,000 pk g. In any direction I:!!
. TEMPERATURE _270°C 10 +260°C (—450°F to +500°F). Short connector
during storage at extreme temperatures.

BASE STRAIN SENSITIVITY 0.5 eqﬁivalem g. nominal, at 250 #in./in. strain
MAGNETIC SENSITIVITY 0.03 equivalent g, nominal, at 100 gauss, 60 Hz
STRAY VOLTAGE SENSITIVITY (2271A) Typically, 0.1 g/V applied between signal ground and case
ALTITUDE Not atfected . *
HUMIDITY : . All welded hermetic seal
CHARGE SENSITIVITY STABILITY * Within calibration accuracy over 12-month period.}

NOTE: 15!;?;:’?0:5"“15 only the {ree recalibration ol this acceloromater il the senaitivity doviates beyand the narmal 41 59, sccuracy of the original

Continyed product improvemant nocessitatos that Endevco reserve the right to modidy these specifications and/or prices without nolice

RELIABILITY: Endavco maintains a program of constant survelllance over all products to ensure a high lavel of reliablity. This
program includes attention to reliability factors during product design, the suppert of stringent GQuality Control requirements,
and compulscry correclive action procedures, These measures, together with conservative specifications, have made the name
Endevco synonymous with reliability. . . -

CALIBRATION: Each unit is -calibrated at room temperature for charge and voltage sansitivily, capacitance of both transducer
and cable, transverse sensitivity, and frequency response from 20 to 4000 Hz. Temperature calibration at —~300°F, +757F, +350°F
and {500°F, and other calibrations are suppiled on special order. Sae Calibration Service Bulletin No. 301,

Modael 1 only 2105 _6 or more
227T1A $225.00 $215.00 $200.00
PRICES: F.0.B. Pasadena 2275 $215.00 $205.00 $190.00
227T1AM20 $235.00 -$225.00 $210.00
2275M15 $225.00 $215.00 $200.00

Prices ol ENDEVCO® products to be exported or purchnaed with intent 1o export beyond the tarntorial Lmis af the United States and Canadn are nubject 10
spocial quoletion

( DYNAMIC INSTRUNMENT
E N D E V c D BOY B ARROYO PARKWAY « PABADENA, CALIF 9109 - PHONE (2121 793 0271
‘ DIVISION

AKHON OHIO - BOSTON MASSACHUSETTS « CHICAGO. ILLINOLS « DALLAS TEXAS - PALO ALTO CALIFGANIA - PHILADELPHIA PENNSYLVAHIA « WASHINGTON DC WEST PALM BEACH FLORIDA
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CAN''S C-32 CLLAP CASTINC PESIN

e

This resin was desisned nrimarilv for use as a clear, water-white,
casting resin. Among its uses are notting or encansulating biological,
hotanical and geolnpical svecimers. Its extrere clarity makes it ideally
suited for encapsulating avplications and for castings incorporating
decorative media,

Other applications for which C-32 is well suited are encasing transistor
radio comronents, impregnating canacitors, emtedding hearing aid
assemblies, moldiny eerminal hlocks, large filled castings and for
ccsting such decorative items as tahle tons, lamn bases and the like.

n-32 can be modified as much as 50% with fillers, Fillers can be
added for snecial mechanical or electrical nroperties or to reduce
cost and shrinkage. N

Physical Proverties of Liguid €-32

Tiscosity, Cms. @ 77 F. . . i 320-340
Acid Murher, X, .. it s e 20
Monomer Content, %...... 0. et 36-38
Snecific Gravity.....ooeveennnnn PR 1.120
Mandling Characteristics at 77°F
Wicn Catalyzced with "7 K ncroxide "AOY
(Weirht in Grams)
C-32 100 100 100 100
MEY Peroxide €07 1.5 1.0 0.75 0.5
14}
(**inutes)
GCel Time - 11 14 16 21
Cure Time 46 60 90 165
Tvmical Physical Prorerties of (-37
(Tctermimed on Cured uniiileT 1777 casting)
Tensile Strergth, nei ... e e e asnn
Flexural Streneth, msi. ... .. iiiiiereinnens 13,500
Flexural Todulus, msi, .. ... et enenecnns 5.92 x 105
Comnressive Strenpth, msi, . .......... e eaees 22,800
Heat Distortion Point............cevivcaannn 163°F
Barcol Hardness..veuee e teneinennsnsonsesans 42-43%

Tlectrical rromorty valuvs on a 1/8° casting of C-32

Njelestric Strenethy, §/T. i P...42¢
NDielectric Constant, B CVCIES ., . ittt vvessens %.34
Nhieiectric Constant, 1 Megacvcle. . ..o ovevesen 2,96
TPewer Tactor &0 “velre . oo 0 i e s e nN3i5
eovweT Tactor Lo oterasvid e, i e e G015
5.38s Tauter, 1 Megelyo i i iiiiie s e 0044

Tome m T dor e AN Marm e N117
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A joint effort between the author, fissociate Professor C. Cotton
from the Uepartment of Kinanthropology, Dr. v.J. Sistek, Mr. M. Simmons
and Mr. R, Grenier of the Department.of Anatomy, all from the University
of Ottawa, led to the development of plastic necks for the rigid and
multiposition mode tests. This part of the appendix will briefly
describe the format necessary to fabricate a neck of this type for
testing.

The cadaver head was decapitated below the second cervical vertebra,
the axis. These two vertebrae left attached to the base of the skull
will form a strong anchor for securing the plastic to the base of the
skull,

The region surrounding the two vertebrae was dissécted with the
ultimate goal of removing fat and tissue down to tne bone of the skull.
The tendons, ligaments and muscle attached to the two remaining vertebrae,
the atlas and axis were left intact. ‘

The cadaver head was postioned such that the neck vertebrae were

vertical and the crown supported as in Figure 95.

Figure 95
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The cadaver head was supported so a line A-A that passed through
the ear opening and the floor of the lower orbital of the eye would be
paraliel with the level datum.

A retort stand was then used to position the steel neck over the

vertebrae as in Figure 96.

steel neck

rubber dam

o marine caulking compound

Y

Figure 96

The cylindrical rubber dam was sealed with caulking compound to permit
the pouring of the C-32 Canus resin around the steel neck,

The completed specimen cadaver head 2 is shown in Figure 97, for
the rigid mode. Here holes were drilled and wood screvs inserted to
jnsure a rigid steel to plastic interface. The centre hgle in Figure

97 was tapped to accommodate mounting to the slotted plate.
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Figure 97

The plastic necks for the multiposition rode were made in much
the same manner, except the steel nechs were positioned directly on

top of the vertebrae as in Figure Y&.

Steel neck for
multiposition mode

Figure 98
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The completed specimen cadaver head 4 is shown in Figure 39 with
the steel neck ready for inserting into the neck clamp of the multi-

position mode apparatus.

Figure 99



VOLUME TI

Vvi-1 PREVIEW OF CHAPTER VI

Chapter VI is Volume II of this thesis .and has been designed
in this manner to assist the reader in referring to the data when
necessary. Section 2 and 3 contain the computer output_Tablgé;
Section 4 consists of 35 graphs, Section 5 contains the Accelérometer
and Loadcell Time Traces and Section 6 is an information table for

the Cadaver Heads used in the testing programme.
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5Kg
MEP
MLP
S5Kg(F)
5Kg(F)
5Kg(F)
5Kq(MEP)
MEP
5Kg(F )
5Kg(F)
MEP
MEP
MEP
MEP
MEP
MEP

._T"I“T"I_I"I'F‘I'r‘l'f‘l"'l"‘l'Tl"T'I—ﬂ'ﬂﬂ'ﬂ'ﬂ’ﬂ'ﬂ'ﬂ"ﬂ'ﬂ‘ﬂ’ﬂ'ﬂ'ﬂ'ﬂ‘ﬁ'ﬂﬂ“ﬂ‘ﬂﬂ'ﬂ'ﬂ'ﬂ'ﬂ‘ﬂ‘ﬁ'ﬂ
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DATA TABLE TEST INDEX

FLAT PLATE

H.S. SLOTTED PLATE

H.S. LEAD DISC, SLOTTED PLATE
SLOTTED PLATE

CAST AL. (H.F.) THIN

CAST AL. (H.F.) THIN WITH HELMET
FLAT PLATE

t.S. CHLCK

MM

 CAST AL. (THICK)
SIERRA
7901
290.1
CAST AL (THIN)
SIERRA
CSA-P-L
CSA-W-L-B
H.S.
FLAT PLATE CHECK
790.1 H.F.
290.1 '

- CADAVER 1
CADAVER 1 WO HELMET
FLAT PLATE CHECK
CADAVER 2
CADAVER 2 WO HLLMET
STERRA OCCIPITAL
STERRA PARIETAL R.S.
SIERRA PARIETAL L.S.
SIERRA FRONTAL
CSA-P-L FROKTAL
CSA-P-L OQCCIPITAL
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TEST #
66 MEP F CSA-P-L PARIETAL R.S.
67-1 MEP F EBAR PLATE , e =~ 0.00
67-2 MEP F  EBAR PLATE , e = 0.50
67-3 MEP F EBAR PLATE , e = 1.00
67-4 MEP F EBAR PLATE , e = 1.50
67-5 MEP F EBAR PLATE , e = 0.00
68 5kg(F) F  MINING HELMET
69 1016{F) F  MINING HELMETS
70 MEP F CSA-P-L P.L.S.
71 MEP F  CSA-P-L P.R.S.
72 Skg(F) F  CSA-P-L P.L.S.
73 5kg(F} F CAUAVER 3  FRONTAL
75 5kg{*) F MEP (* - SNELL HEAU FORM)
76 5Kkg{F) F MEP (SHELL)
77 1g¥th) F MEP  (SHELL) )
78 ML P F EBAR PLATE , %g = 0.00;
79 MEP F EBAR PLATE , (e = 0.00
80 MEP F EBAR PLATE , (e = 0.50)
81 MEP F EBAR PLATE , (e = 1.00)
82 MEP F EBAR PLATE , (& = 1.50)
83 MEP F EBAR PLATE , (8 = 1.75)
84 MEP F EBAR PLATE , (&8 = 1.50)
85 MEP F SP-W-H.F. , (e = 0.00)
86 MEP F o SP-W-IL.F. , (& = 0.00)
87 MEP F o SP-W-h.F. . (e = 0.50}
88 MEP F SP-W-H.F. , (e = 1.00)
39 MEP F SP-W-H.F. . (8 = 1.50) qllll
90 5kg(F) F  CADAVER 4 FRONTAL WITH HELMET
91 5kg(F) F  SIERRA FRONTAL
92 5kg(F) F - CADAVER 4 WITH HELMET AND REINFORCED NECK )
93 5kg(F) F  SIERRA FRONTAL
94 5kg(F) F  CSA-P-L FRONTAL
95 5Kkg(F) F  SIERRA  OCCIPITAL
96 MEP F  SIERRA OCCIPITAL WITH SUPPORT
97 5kg(F) F  SIERRA  OCCIPITAL WITH SUPPORT AND HELMET
98 5kg(F}) F  CADAVER & WITHOUT HELMET BUT WITH RLINFORCED NECK 2
99 5kg(F) F  MEP N
100 SKg(MEP) F FLAT PLATE
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VI-3 TABLES OF DATA WITH
COMPUTER PROGRAMME LISTING FOR CALCULATIONS

[V
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J{EADING ACBREVIATEONS

H - DROP HEIGHT
L Ervasions o ACCL[ERQTION - TIME TRACE
) ASF - ACCELERATION SCALE F‘C%UR - VOLTS/DIVISION

LCh < DIVISIONS ON FORCE - TIME TRACE
LSF - FORCE™ (LOADCELL) SCALE FACTOR
AEG - ACCELERATION (KEGATIVE) - G'S

MAEG - MASS OF STRIKER TIMES ACCELERATION - LBS.

" FLC - TRAHSMITTED FORCE SEELR BY LOADCELL - LBS.

% - MAEG = FLC x ]00 ’ ~
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TIME TRACES OF TESTS



Yy
H = Meters

POLAROID
TRACE 1O,

102
103
104
105
106
108

109
110
11
112

13
114
115
116

- 118
119
120
121
122

123
124

125
126
127
126
129

- 324 -

TOP TRACE IS LCADCELL

poTTOf TRACE 1S ACCELLROMETER

== 1 m.sec/div {URLES SPLCIFILD) DY * AFTER TRACE #
gl

TEST
HO.

24

a7

30
33

34

OROP

HEIGH. .

— O = =2

Cy — — B DD

[g]

ra

O — == D

.00
50
.00
.50
.00
Lob

~.C0
.50
.Nf
LoD

I
.

e
Ll
0
B0

r

. L

00
.50
.00
.50

.00
.00

.25
.00
.50
.CO
.50

INPACT DESCRIPTION

HLP F F.pP.

. ’\:l'
MEP F hob, WITHE SLOTTEU PLATL
Mg e F blG, WITH SLOTTRD PLATI

ARi) LEAD olSC

MLP FOCAST ALL (Tl

5kg(F) ~F  CAST AL. (Thliy)
P F HLMISPHLRICAL AvIL

MEP FoOLSA-W-L-C



4
POLARQID TEST  DROP IMPACT DLSCRIPTILON
TRACL 110. Ho. HEIGHT
130 35 2.00" 1ACP F o CSA-W-L-b
131 1.50 |
132 1.00
133 0.50
134 36 2.00 MEP F o (SA-W-S-C
135 1.50 '
136 1.00
137 0.50
138 a7 2.00 MLP F o CSA-W-S-t
139 1.50
140 1.00
14 0.50
142-P 33-1  2.00 MLP FooUSh-P-L
143-R 38-1  1.50
142 38 2.00 MLP FUSA=P-L
143 1.50
144 1.00
145 .50
146 39 2.00 IiLP F (SA-P-1
147 1.50
140 1.00
149 0.50
150 an 2.00 LD S WS
157 1.50
152 1.52
153 1.53
154 41 1.66 ML FoooSh—beting .
155 42 Z2.00 + MLP F SP-W-H.F.
156 1.50
157 1.00
158 0.50
159 43 2.00 MEP F o OCAST AL. (THICK)
160 1.56
161 1.00
162 0.50




POLARCIU TEST - LROP [MPACT LUESCRIPTION
TRACE 110, 0. \\:WIGHT f
163 44 2.00 tLP F SILRRA
164 1.50 '
165 1.00
166 0,50
167 a5 2.00 MEp 0 F £90.1
168 1.5 -
169 1.00 .
170 0.5
171 4G* 0,50 Skg(F) F 29001
172 1.00 . % (2 m.sec/div)
173 1.50 L
174 o 2.00
175 2.50
176 - A7* .50 51’lq(F) F CAST AL. (Thli)
177 1.00 *(? m.sec/div)
178 1.50
179 2.00
180 7.40
183 ap* 0.50 Gkg{l) F  SILRRA
182 1.00 *(7 m.sec/div)
183 1.50
134 2.00
185 - 2.50
,11
18¢ A9 0.50 Shg(F}  F CSA-P-L 7
147 1.00 *(2 m,sec/div)
188 1.50
189 2.00
190 2.50
191 LO* 0.50 Skg(F)  F CSA-W-L-b
162-A 1.00 *(2 m.SPc/QJv)
192-6 1.00 -
192-C 1.00
192-D 1.00
193 1.50
194-A 2.00
194-B 2.00 »
196 2.50
195-8 2.50
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POLAROID TEST DROP . IMPACT DESCRIPTION
TRACE HO. H0. HETGHT
196-1 51 2.00 MLP F HIMISPHERICAL ANVIL CHECK
197 52 .00 MLP F FLAT PLATL CHLCK
198 53* 2.00 Skg{F) F 29C.1
‘ *(2 m.sec/div)
169 HLa* 2.00 { SKg(F) F 7901
*(2 m.sec/div)
20 55* 1.08 5rg(F) F CADAVLR 1 WITH HLLMET
20?7 1.50 *(2 m.sec/div}
203 2.00 .
204 2.50
205 56 0.50 Sig(ReP) £ CAUAVLR 1 WITH HELMET
206 1.50
207 57 2.00 MLP F FLAT PLATI ChECK
207-1 58 0.50 Shg(F) F  CADAVER 2 WITH HELMET
208 1.00 *(? m.sec/div)
209 1.50
210 2.00
211 2.50
212 59+ 0.15 S5kg(F)  F  CABAVER 2 WITHOUT HELHET
213 . 0.30 *(2 m.sec/div)
214 60 2.25 MLP F SIERRA CCCIPITAL
215 ~ 2.00 ‘l
216 1.75
yavi 1.50
218 1.00
219 0.50
220 61 2.25 MLP F SIERRA PARILTAL R.S.
221 2.00
222 1.50
1,00
223 0.50
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POLAROID TEST LROP IMPACT DESCRIPTION

TRACE NO. Ho. HLIGHT
224 62 2.25 MLP F o SILREA PARILTAL L.S.
iy 2.00 :
1.50 ’
225 1.00
0.50
226 &3 2.25 MLP F o SILRRA FRGUTAL
2.00
1.50
1.25
- 1.00
0.50
227 64 2.25 MLP FCSh-P-L FROUTAL
2.00
1.50
1.00
0.50
228 65 2.25 MEp FooLSh-I-t OLLIPITAL
2.00
1.50
1.00
0.50
229 66 2.25 MLP FooCSA-P-L PRRTITAL R.S.
730 2.25 ‘
2.25
231 . 67-1 1.50 MLP F o LBAR PLATL (e - 0.00)
232 67-2 1.50 MEP F LLAR PLATL (e - 0.50)
233 67-3 1.50 MEP F [LAR PLATL (e - 1.00) *
234 67-4 1.50 CMEP F EGAR PLATE {8 - 1.50)
235 €6 2.25 MLP F CSA-P-L PARILTAL R.S.
69-1 69 1.52 101b(F) F  SP-W-H.F. , WILLKG HELMETS
69-2*-1 1.52 *.1 (2 m.sec/div)
£9-3*-2 1.52 *_2 (5 m.sec/div)
69-4%-3 1.22 *_3 (5 m,sec/div)
£9-5%-4 1.22 *_4 (5 m.sec/div) -
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POLAROID TEST OROP IMPACT DESCRIPTICH
TRACE 1HO. HO . HETGHT
69-6*-5 1.22 *.0 (5 m.sec/div)
69-7*-6 1,22 *.6 (5 m.sec/div)
£9-8*-7 1.22 *_7 {5 m.sec/div)
£9-9*-8 1.22 101b(F) F SP-W-H.F. (*-B} (5 m.sec/div)
63-10%-9 1.22 101b(F) F SP-W-ti.F.(*~9) {5 m.sec/div)
69-11*-10 1.22 Y0I1b(F) F  SP-w-H.F.{*-10) (5 m.sec/div)
236 “ 70 2.25 MLP F CSA-P-L PARILTAL L.S.
2.00
n 1,560
1.00
0.50
237 71 2.25 MEP F LSA-P-L PARILTAL R.S. -
2.0G0
1.50
1.00) i
f.50
235%* 72 n.uo HEg(F ) F CSA-F-1 PARILTAL L.5.
239 1.00 *(2 m.sec/div)
24¢ 7.50
241 2.00
242* 73 0.50 ng(F) F CADAVER 3 FROWTAL WITh
hLLMET
*{? m.sec/div)
246 75 0.25 BKg(*)  F  MEP  {* - SitLL HLAD FORM) s
247 0.19
248 0.38
249 0.38
250 0.51
251 0.51
252 0.25
253 0.19
254 0.13
255 0.64
256 0.64 -
257 C.E4
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POLAROID TEST DROP IMPACT ULSCRIPTION
TRACE 1i0. HO. HEIGHT

268 76 0.50 Skg(F) F MLP (SHLLL)
1.00

259 1.50

260 2.00

259-1 77 1.00 106 {Fy  F  MLP (SLLLL)

260-1 1.50

261 2.00

262 7e N.50 MR F LBAR PLATE , (e - 0.00}
1.00

263 1.50

264 2.00

265 79 0.50 M F LDAR PLATE , (e - 0.00)
1.00
3.50

266 2.0C

267 ;N 0.50 MLP F LBAR PLATE , (e - 0.50)

r

1.00
1.50

268 2.00 A

269 51 0.50 MLP I LLAR PLATL , (e - 1.06;
1.00
1.50

270 2.00

271 82 0.50 MEP T LBAR PLATL, (e - 1.u0)
1.00
1.50
2.00

272 a3 n.50 MLP £ LBAR PLATL , (&  1.7%)
1.00 :
1.50
2.00

273 £5 0.50 MEP FoSp-W-ii.F. , (& = 0.0C)
1.00

274 1.50
2.00



POLAROID
TRACE 0.

275
276
277
278

279

" 200

294

29¢
297

298
299
300
300

-

TEST
HO.

86

87

joel
o]

50

g1

92*

93*

94*

-_‘_J:JD
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BROP IMPACT ULSCRIPTION
HLIGHT . ‘

.50 LD r sp-y-u.F. , (e -- 0.C0)
.00
.50
.00

o — — 0

.50 M FoooSp-ul-h.F.
.an
.50
.0b

, (e - 0,50)

o — — O

0.50 riLp Fooosp-ul-hi.F.
1400

.50

.ne ‘

) =

B0 HEP . F SP-W-li.F. , (e - 1.50}.
.00

.50

.00

Y = —

.50 Shg(F) T CAUMLR 4 FRONTAL WITh
.50 HELMLT

Nl *.1 (2" m.sec/div)

.50 *_2 (2 m.sec/div)

.50 ~ 5Kg(F)  F SILRRA FROWTAL
.0C *(2 m.sec/div)

.50

.00

B amr — (DD

—

.50 Skg(F)  F CADAVER 4 WITh HELMLT

2.00 AhU REINMFORCED LECK 1
*(2 m.sec/div) .

500 trg(F) F- SIERRA FRCKTAL
.00 *(2 m.sec/div)

.50

.00 “

Ny = -

.50 Skg(F) F  CSA-P-L  FROLTAL
*(2 @.sec/div)

Ny — — 0

. aom
2
=
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. POLAROID TEST DROP IMPACT DESCRIPTION ' !

TRACE HO.  MNO. HEIGHT
302 ¥ 95%  0.50 sig(F) F  SIERRA OCCIPITAL
303 1.00 *(2 w.sec/div) »
304 1.50
305 2.00
306 2.25 e
307 96* 0.56 MEP F SIERRA OCCIPITAL WITH SUPPURT
308 1.00 *(2 m.sec/div) :
309 1.50
310 2.00
311 2.25
312 g7%* 2.00 EKg(F) " F  SILRRA OCCIPITAL WITH
313 1.50 SUPPGRT AL HELMET
314 . 1.00 *(2 m.sec/div) &
312-1 gg* 0.15 5kg(F) F  CAUAVLR 4 - WITHOUT HELMET
313-1 0.23 BUT WITH RETNFORCED HECK 2
314-1 0.30 *{2 m,sec/div)
315 0.38
316 0.46 ?
317 99 €.50 skg(F) F  HEP
318 1.00
319 1.50
320 2.00 ‘ -
321 2.25
322 101 0.50 5Kg(MEP) F FLAT PLATE
323 1.00
324 > 1.50
325 2.00
326 2.50
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CADAVER INFORMATION TABLE
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CAUAVER HEAU INFORMATIOH TABLE

ELAPSED TIME CAUSE

CADAVER  SEX  AGE  1EAD RACE  SCALP COHDITION  BETWEEH DEATH OF

HEAD # SIZE{IN.) AND TESTING DEATH
: Approf.

I " 70 21 3/4" C.W. DRY, WITH & MOWTHS . ROT

. SCALP REMOVED =~ (LMBALMED) KHOWN
AT CROWN
Approx. ,

I1 M 70 22" C.W. MOIST, WITH 2 MONTHS NOT

HO HAIR (EMBALMED) KiHOWN

v, Foo7 23" C.N.  MOIST, WITH gl HOT
WAIR SHAVED (LMBALMED)  KIOWK
OFF -

C.W. - CAUCASIAL WHITE '

M - MALL

F - FEMALL N






