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It was the purpose of this study to measure the
characteristics of foothall helmets as regards the deceler-
atlions of a moving object on impact. Thls was done by
Iinflicting blows of varylng speeds to speciflc positions on
the helmet with a pendulum type mass of .16 slug.

Nine different helmets were examined. Thelr cocde
names were as follows: MH612, ME610, MH62C, RK-TK5, RK-RK4,
S3122, S3121, WF2010, and WF20C0. They were mounted on a
wooden head which was suspended from the ceiling. Each
helmet was tested at the following velocltles: six, nine,
twelve, fifteen, eighteen, and twenty-one feet per second.
Four positions, front, back, right side, and top were used.
Five blows were averaged at each velocity for the individual
helmets 1In the four respective positions.

An accelerometer measured the deceleration of the
.16 slug at impact with the helmets. This was recorded by
an oscllloscope which was photographed with a sixteen milli-
meter camera, hand cranked in order to take the pictures

frame by frame.

Conclusions

1. For the helmets investigated, the plastic shell
was superlor to the leather shell.
2. For the best protection in terms of decelerating

a moving obJject In the front position, helmets should have
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a hard plastic shell with a canvas suspension fitting snugly
to the head.

3. If at all possible, helmets should be free from
rivets. If rivets are used, they must be adequately covered
and have as much distance between them and the head as
possible.

4, If a canvas suspension 1s used, 1t should be
constructec in such a way that the suspension firmly fits
the head.

o

5. The review of the literature indicates that con-
cussion 1s most likely to concur on the flatest portion of
the skull. The sices of the head, therefore, must be ade-
quately protected. This can be accomplished by raising the
outbend on the sides to allow more room for the ears and
leaving more space between the suspension and the shell.

6. The top needs the most protectilon due to the
relative greater mass of the head and body to be moved when
struck in thls positlion. This is best accomplished by a
plastic shell with a strong suspension and a distance of at
least one-inch between the shell and the suspension.

7. An "all-purpose" helmet needs a hard plastic
shell wlth a strong canvas suspension in which the head 1is

firmly fitted, not only on top but around the sides above

the ears.
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CHAPTER I

THE PROBLEM

There are various types of football helmets in exis-
tance today. The most popular have leather shells with a
canvas suspenslon covered by foam rubber anc a thin foam
rubber padding around the inside of the shell; in others
the canvas suspension i1s not covered. Some have plastic
shells with a strong canvas suspension which fits snugly on
the head; 1n others the suspensions vary in regardé to
covering, e.g. foam rubber, absorblo, and many other new
Iimpactabsorbing materials. It 1s surprising how little
actual research has hbeen done to determine the comparative
protective qualitles of these many helmets belng manufac-

tured today.

Statement of the Problem

It was the purpose of this study to measure the
characteristics of football helmets as regards the deceler-
ations of a moving object on impact. This was done by
Inflicting blows of varying speeds to specific positions

on the helmet.

Importance of the Study

There are various factors that should be considered

in building a well-constructed protective football helmet.
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It was but one of these factors, that of deceleration, which
was investigated 1In this study. The importance of a low
deceleratlion may be demonstrated with a hypothetical example.
A man wearing a wool glove hits a brick wall with hils hand.
The possibility of him injuring his hand is much greater
than 1t 1s for another man who hlits the same wall wlth the
same force wearling a heavily padded boxing glove. 1In this
example the hand in the wool glove had a high deceleration
anéd the hand In the boxing glove a low cdeceleration.

During the past twenty-three years, half of the 409
direct gricdiron fatalities have resulted from heacd 1njuriles.
Furthermore, the Cornell tests show that the helmets of
tocday are 1nadequate to withstand a concussion-causing blow.l
Research which might in any way help to reduce the number of
gridiron fatalities resulting from head injuries must be
considered of great importance.

In the 24th Annual Survey of Football Fatalities
(1931-1955), 1t was brought out that fatalities directly due

to football have averaged seventeen and one-half per year.2

lwi111am H. White, "Armor That Does As Much Harm As
Good," Sports Illustrated, October 31, 1955, pp. 46-U47.

ECommittee on Injuries and Fatalities, American Foot-
ball Coaches Assoclation, Dr. Floyd R. Eastwood, Chairman,
Twenty-Fourth Annual Survey of Football Fatalitles, January,
1956, p. 2.
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A further tabulation since 1947 of the specific location of
fatal injuriles showed that: "The head and face area
accounted for 59.56 per cent of all fatalities, the spine
for 20.59 per cent, and abdominal-internal for 19.85 per
cent."3

An analysis of the data by specific location of the
blow revealed that both spine and head and face injuries
were procured by blows to the top of the head. Combining
these two results showed that 80.15 per cent of all injurles
were due to traumatic blows to the head.a

a. Blows to the front and side of the head 1incurred
23.54 per cent of all injuries.

b. Blows to the top of the head (resulting in spinal
injuries) incurred 20.59 per cent of all injuries.

c. Internal injuries ranked third with 19.85 per cent
of all injuries.

d. 13.95 per cent of all injuries were acquired by
traumatic blows to the back of the head.

This means that the most hazardous areas of the bocdy
are ranked: (l) both sides and front of the head, (2) top
of the head, (3) internal organs, and (4) back of the head.

It is obvious to see that the head area requires the
best possible protection. It might also be noted that more
changes have taken place in the manufacture of headgear

than in any other piece of equlpment. Still the percentage

3Ib1d., p. 3. “Ibid., p. 3.




of total fatal head and spinal injurles has risen steadily
since 1931 and four per cent since 1947, [See Figure 1.]

In internal-abdominal injuries, where far less attention has
been given 1n design of protective pads for hips ancd back,
there has been a steady decrease.? [See Figure 2.]

Lombard, et al, indicate 1In thelr research the neced
for more precise thinklng, 1in engineering terms, of the
mechanical factors involved 1in the field of head injury,
the correlation of the mechanical factors with the biologi-

cal factors and findings, and further Investigation of the

general subject.6

Limitatlons of the Problem

It must be realized that a low deceleration rate does
not necessarlly mean fhere will be fewer head 1njuries.
There are many other circumstances to be considered such
as duration of Impact, type of impact, and position of 1im-
pact. Some types of helmets may lose part of theilr durabl-

lity with each blow or seriles of btlows. The temperature

5Committee on Injuries and Fatalitles, American Foot-
ball Coaches Association, Dr. Floyd R. Eastwood, Chairman,
Twenty-Fifth Annual Survey of Football Fatalitiles, January 7,
1957, pp. 21-22.

6Char1es F. Lombard, Ames Smith, Herman P. Roth, and
Sheldon Rosenfeld, "Voluntary Tolerance of the Human to Im-
pact Accelerations of the Head," The Journal of Aviation
Medicine, 22:2:109,




FIGURE 1

PERCENTAGE COMPARISONS*®
Head and Spinal Injuries
Direct Fatalities

PERCENTAGE 1947 - 1956
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PERCENTACE COMPARISONS®
Abdominal and Internal Injuries
Direct Fatalities
1947 - 1956
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may be an important factor: some types of plastlic may be-
come harder in cold weather and softer In warm weather.
Results based on thils study were made on nilne different
helmets. It would have been far better to investigate more
than one helmet of a given type but lack of funds prohibited
this.

The impacts were limited to one location at each
position. A cluster of Impacts around each position would
give a more valld representation of the blows received 1n
football.

It was assumed that the most expensive helmets were
of better quality. It would have strengthened the study
to investigate all football helmets manufactured by various
companies.

No direct conclusions as to the best type of plastic
or leather shell, suspension, or foam rubber padding could
be drawn until all known types are examined. This could
be achleved only with financlal help from some large manu-
facturer.

Only the right side of the helmets were tested, thus
the assumption was drawn that both sides were l1ldentical.

It would have improved the study to test both sides.



CHAPTER II

REVIEW OF THE LITERATURE

The soure of literature in relation to this problem
was dlvided into three categories or flelds of work. The
first, in the medical field experimenting with concussive
effects on the skull; the second, in the field of aviation
on new type head gear; and the third, in the field of

athletics and physical education.

Medical Literature

Gurdjian, et gl,l thought it more accurate to measure
the acceleration -of the skull rather than the object
striking the blow as 1n most previous studies. The accelero-
meter was attached to the skull on the opposite side to
where the blow was struck, due to the fact that the skull
deforms markedly under impact. Ball peen hammers of varilous
welghts were used on dogs of different weights. The head
was free to move at impact, being supported by the left
hand whlle the right hand was used for the hammer. An
attempt was made to produce a concussive effect wilth the

first blow, but in some cases two, three, or even more blows

lE. S. Gudjian, H. R. Lissner, F. R. Latimer, B. F.
Haddad, J. E. Webster, "Quantitative Determination of Accel-
eration and Intercranial Pressure in Experimental Head
Injury," Neurology, 3:6:417, June, 1953.



were requlred to obtain this effect. 1In each case minimal
or moderate concussive effects were obtained with acceler-
ations ranging from 250 to over 500 Gs.

There were disadvantages of mounting the accelero-
meter on the skull. The skull was sometimes subject to a
slight twisting or turning at impact and the linear accelero-
meter was thus unable to measure the true value in Gs.

As a result of this preliminary study with twenty-
four experliments, no pattern of relationship between sever-
1ty of concussion and magnitude of acceleration could be
determined. A study of the intracranial pressure change at
the time of Impact suggests that the time duration of the
pressure increase 1is more slignificant than the maximum
levels obtained. It was also brought out that:

The 1increase 1in iIntracranial pressure at the time

of the impact, in a head that 1s permitted to move,
1s produced by two separate causes: the first belng
due to cdeformation of the skull and the second being
due to acceleration or the sudden setting of the
head to motion.

It must be remembered though that the skull on the
opposite slde of the bloQ may have a pressure which decreases
to zero or below.

Gurdjlan and Webster> bring out the fact that 1n a

direct blow, the head alone 1s most subject to 1injury but

2E. S. Gurdjian and J. E. Webster, "Recent Advances
in the Knowledge of the Mechanism, Dlagnosis, and Treatment
of Head Injury," American Journal of the Medical Scilences,

226:215, Augygt, 1953.
3Ibia., p. 4e2.




10
in an indirect blow, other parts of the body are also sub-
ject to injury.

DeHaven’4 éuggests that the majority of severe in-
jurles occur because the victim is thrown about following
the initial Impact and not just because of the initial im-
pact. Certalin measures providing a slow deceleration of
the body will make 1t possible for the human to withstand a
large number of Gs without fatallty. More research directed
at counteracting the effects of impact is needed 1o help
put a stop to the many head injurles 1imposed by football.

Gurdjlan, et 31,5 showed 1n a later study that accel-
eration, deceleration, and compression may cause the fol-
lowing physical defects on the head and its contents:

(1) Deformation of the skull, producing compression
of the contents due to decrease in volume.

(2) A sudden increase in intracranial pressure at
the time of impact.

(3) Mass movements of the 1intracranlal contents.
(4) Distortion of the skull and dural septa.
(5) Shearing off of a portion of the head and contents

without necessarily procduclng an increase in intra-
cranial pressure at the time of impact.

uH. DeHaven, "Injuries," War Medicine, 2:586, Aug.,1954,

; 5E. S. Gurdjlan, J. E. Webster, and H. R. Lissner,
Observations on the Mechanism of Brain Concussion, Con-
tusion, and Laceration," Surgery, Gynecology, and Obstetrics
101:682, December, 1955,
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(6) Shearing and tearlng with high levels of increased
intracranial pressure such as occur in bullet and
shell fragment wounds. Comblnations of such ef-
fects may occur in certaln types of injuries.

Damage to neural tissues In head injurles takes
place by pushing the tissues together or compression, such
as the scalp belng compressed or mashed under the point of
a blow; by tenslon or tearing apart of the tissues because
of tension procduced as the braln rotates with respect to
the skull; and by shearing or twisting because of cavitation
and pressure gradlents.

Experiments on seventy-two mongrel dogs verified
earlier findings that the longer the cduration of the pres-
sure exerted upon the brain, the lower the pressure requlred
for a severe concusslon. The shorter the duration, the
higher 1s the pressure requirec for a severe concussion.6
Figure 3 shows the relatlonship between pressure, time, and

degree of cerebral concussion.7

Line C shows the slope
with most of the severe concussions above the llne; liné B,
the slope with most of the moderate concussions above it
line A, the slope with most of the threshold concussions
above,

If the head 1s relatively fixed, a direct blow upon

the head results in an increase 1in Intracranial pressure.

. s. Gurdjian, H. R. Lissner, J. E. Webster, F. R.
Latimer, and B. F. Haddad, Studles on Experimental Concus-
sion, from the Wayne University Neurosurgical Service,
March, 1954, p. 678.

"Ibid., p. 680.
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This lasts for a longer period of time than if the head were
free to move at impact with a simlilar blow. Under the later
circumstances higher velocities with effective masses are
needed 1in order to cause a concussioﬁ. When the head 1is
fixed, the impact tends to act for a longer period of time
upon the cranium and its contents.

In relation to football helmets, 1t should Le men-
tioned that since the head 1s less likely to move when
struck on the top position, more protectlon is needed in
this area.

Followling Impact by a direct btlow there 1s always an
area of inbending immediately beneath and around the point
of the blow. If the time duratlon 1s long enough or the
velocity 1s sufficiently high, the area of inbending may
fail, resulting 1In a depressed fracture. If the Ilnbending
at the boundary of the inbended area 1s not severe enough
to cause a fracture, the skull rebounds. The outbending
may be so severe that a linear fracture results. Thus the
fracture line extends both toward the point of impact and
in the opposite direction. Lilnear skull fractures occur
at right angles to the maximum tensile stress produced by
outbending of the skull at a distance from the point of

1mpact.8

8E. S. Gurdjlan, J. E. Webster, and H. R. Lissner,
"Observations on Prediction of Fracture Site in Head Injury,"
Radlology, 60:2:226, February, 1953.
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Generally it might be sald that the greater the
velocity, the more localized the deformation at the area of
impact. The shape of the object must also be considered as
responsible for the type of fracture obtalned.

Tests were concducted on one huncérecé randomly selected
adult skulls. Each skull was divided into twelwve parts anc
a stresscoat appllied. The skulls were gilven a deceleration
blow in each area with speclal care that each area was
struck many times. It was shown that if the area of impact
is known, a fairly accurate precdiction of the location of a
linear fracture may be made. By the same way, 1f the posli-
tion of the linear fracture 1s known, the point of impact

may be determined.9
l,lO

Lissner, et substantlated and added to thelir
earller work by experiments showling that imbending was
always indlicated directly under the point of impact. In
severe blows, cracks radlated out from the point of impact.
The cracks were always greatest along the flatest portions
of the skull. The sldes of the skull are relatively flat.
Relating this to football helmets, the supposition

could be made that the higher the outbend of the helmet

9Gurdjian, Webster, and Lissner, "Observations on the
Mechanism of Brain Concussion, Contusion, and Laceration,"

op. cit.

104 k. Lissner, E. S. Gurdjian, J. E. Webster, "Mechan-
ics of Skull Fracture," Experimental Stress Analysis (Report
from Wayne University and Grace Hospital), May, 1950, p. 62.
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for ear placement, the better the design 1n relation to
skull fractures along the sides of the head.

Tests were made on fifty-five completely intact human
cadaver heads to find out what effects 1f any, halir, scalp,'
and skull contents had on fractures.

It was rather surprising to note that after enough
energy had been absorbed to produce a single llne fracture,
very little more was required for multiple fractures or even
complete destruction of the skull. The least energy re-
quired for fracture was in the nelighborhood of four hundred
inch pounds. Above that there were differences due to
thickness of scalp, thickness of skull, shape of skull, and
a slight change in the position of the blow. In some cases
a fracture was not produced even after a force of one
thousand inch pounds was administered.

Gurdjlan, et gl,ll divided fractures of the skull
into three categories where they might occur. The area of
primary stress level 1s the weakest region in the skull and
1t 1s here a fracture may start. The area of secondary
Stress level 1s the reglon where a second fracture line may
be 1nitlated with additional energy. The area of tertiary
sStress level 1s the region where further fracture lines will

be caused by more energy, usually resulting in a stellate

11E. S. Gurdjlan, J. E. Webster, and H. R. Lissner,
"The Mechanism of Skull Fracture," Radlology, 54:3:338,
March, 1950.
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pattern. It should be remembered that the area of primary

stress level varies 1n different skulls,

Aviation Literature

~

Lombard, et gl,la conducted a study on the voluntary
tolerance of the human to Impact accelerations of the head.
Two different welght pendulums were used, one of thirteen
pounds and the other 9.44 pounds. Each was used on seven
different football helmets. A strain gauge type accelero-
meter capable of measuring in excess of five hundred Gs was
mounted in the steel head of the pendulum. A thirty-filve
millometer camera with a film speed of approximately sixteen
inches per second was used for recordlng the characteristics
of the pattern. The results of thils study showed that the
upper 1limit of linear accelerations which a human can vol-
untarily tolerate due to impact blows to the head had not
been reached. It was shown that:

Always the effect of the locally applled force

causing bruslng, tension loads on the ligaments or
ligamental attachments of the neck muscles, or sharp
burning pains in the joints of the cervical vertebre
caused the subjects to voluntarily and/or subjectlvely
limit exposure to no higher energy impacts.l3

The primary reason for limiting the blows to the top

of the head was a generally uncomfortable jolt and local

12Lombard, Ames, Roth, and Rosenfeld, loc. cit.

131516, , pp. 111-112.
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brulsing. For the front blow, 1t was local bruising, neck
pains in either vertebrae or ligaments, and sometimes a
generally uncomfortable jolt. For the side blows, 1t was
mostly local brulsing and an uncomfortable jolt with slight
pain in the ligaments. Back blows were limited to local
bruising.

The Gs tolerated were, for the respective sites: top
blows, thirty-four maximum, average twenty-three; front
blows, thirty-eight maximum, average twenty-two; side blows,
twenty-five maximum, average twenty; back blows, thirty-
five maximum, average eighteen.lu

Motion plctures showed a conslderable movement for
all sling suspension helmets before the head started to
move. A conslderable distortion of the face was observed
wlth the bony structure of the head belng accelerated away
from the sofrer portions, e.g., the cheeks, nose, eyes.

The helmet shells having the most resistance to compression
and having a sling suspension were the ones which vibrated
upon impact.

It is belleved from the experilence of the authors
that psychological factors played the most important part
in the limitation of the upper limit of only thirty-eight Gs.
Most of the subjects probably have experienced harder blows
to thelr heads in sports and accidents during their youth.

This was brought out by Hugh DeHaven who calculated survival

Ibid., pp. 111-112.

14
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from falls in the order of two hundred Gs. Of course, the
body landed in a supine position giving the head an equal
deceleration.t>

The Alr Force upon investigation found it important
not only to provide maximum energy absorptlon but also to
limit the acceleration of the head to further help reduce
braln injury. It was also foundé that the greatest dlsadvan-
tage of using a resilient material between the shell and the
head for energy absorption was that durlng deflectlon it
stored rather than disslipated energy. As 1t deflected, an
increasing restoring force was created which reached a
maxXimum at the point of ma#imum deflection and the energy
was returned in the form of a rebound of the helmet from
the object.16 It was suggested that the space between the
helmet and the head be filled by a non-resilient, energy-
absorbing material.

The apparatus shown 1n Figure 4 was developed to
provide a dynamic load test. The most successful material
tested was cellular cellulose acetate with criss-cross saw
cuts into which the foam rubber was molded. The foam rubber
was also molded over the surface of the material. It was

shown that:

By selection of the proper spacing and shape of the
cuts, characteristics of the foam rubber used and

151p14., pp. 115-116.

16iNeyw Helmet Protection Theory Advanced," Aviation
Week, 50:4:18, January 24, 1949,
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thickness of the rubber 1in relatlion to that of the
cellular material, a resulting product can be form-
ulated having energy-absorbing characteristics which
are controllable throughout a falrly wilde range.17

Lombard showed that if one considers the effects of
a very brilef application of a large force to the head, two
experimental observations are confronted:

a) Acceleratlions of 100 to 200 Gs cause concussion.

b) The absorption of 200 in-lbs. of energy in a
short periog of time may cause fatal damage to
the brain.!

In these observations, however, one only approximates
since, (a) the force acted for approximately 0.25 inch,
yet may have caused the acceleration of 0.01 inch while,

(b) the absorption of two hundred inch pounds of energy may
have occurred 1n elther a fraction or a multiple of a milli-
second.

In experiments by the Air Force using an aluminum
head, the center of gravity was near that of the human head.
The accelerometer was mounted near the center of gravity
of the brain. It was also shown that since the blow was
not delivered on a line with the center of gravity, a cer-
tain amount of angular acceleration exlists and the accelero-

meter will only measure the linear acceleration present.

The pendulum mass was of the same order of magnitude as that

171p14., p. 20.

18Char'les F. Lombard, "How Much Force Can Body
Withstand," Aviation Week, 50:3:24, January 17, 1949.
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of the head, weighing about twelve pounds and moving on an
eight foot radius. Thls allowed practical energy range up
to sixty foot—pounds.' An accelerometer was also placed in
the center of the pendulum. The pendulum was designed to

allow various impact-shapes to be used varyling from a flat

19

plate to a one-half dlameter hemisphere.
The two helmets tested were the U.S.A.F. P-1 and the
Protection Incorporation Toptex. Three impact-shapes were
used at two Impact velocitles. Four different positions on
each helmet were tested. The acceleration of the head and
the deceleration of the impact procucing pendulum were
measuredé and recorded.<C 1In summarizing it was stated:

In evaluating this test certaln assumptions must
be made as to which characteristics are desirable
because no expliclt criteria for head protection
exlst. Non-penetration of helmet, minimum movement
of head, minimum peak acceleration, maximum energy
absorption, minimum tendency to "bottom-out" against
heat, uniform protection over entlire head and minimum
tencdency for peak acceleration to become larger with
increasing area of contact on helmet, are considered
to be desirable. The relative 1Importance of these
characteristics 1s not shown.

The Protection, Inc. helmet 1s better with respect
to motion of the head during the blow. The average
peak accelerations were lower for the P-1 helmet.

The energy absorbing quallties were found to be the
same. The deslgn characteristic of the Protectlon,
Inc. helmet which minimized the tendency to "bottom-
out" particularly with small impact-shapes which
would penetrate both helmets, 1s a deciding advantage.

190. T. Strand, "Protective Helmet Impact Testing
Equipment," Air Force Technical Report No. 5820, May, 1949

p. 1.

2OOliver T. Strand, "Impact Effect on Two Types of
Protective Helmets," Air Force Technical Report No. 6020,
May, 1950, Index 111i.
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On the point of uniform protectlon over the entire
head, the Protection, Inc. helmet was considered
better. The tendency for the peak acceleration to
become larger with increasing contact area of the
impact-shape 1is a distinct disadvantage of the
Protection, Inc. helmet. 1If contact 1s made over a
large enough area, damaging deceleration to the head
might occur without crushing any of the cellular
cellulose acetate absorblng material. Poor distri-
bution of the blow caused by lack of stiffness in
the shell 1s iImplied by these data. The distribution

obtained by the P-1 helmet 1s, of course,efonstant
and determined by the suspension pattern.

Hendler and WurzelZ€ stated that evaluation methods
developed in the various laboratories have often been in-
genious, but can be Improved 1in two respects. First, the
velocity change used in applying blows to the tested helmets
should be incre:ised, and second, pressure distributions over
the head surface during a blow should be measured.

To Judge 1f a helmet 1s adequate one must have Kknowl-
edge of: (1) the magnitucde of the maxim@m acceleration that
the cushioning permits the head to reach; (2) the form of
the acceleration-time relation; and (3) the strength,

natural frequenciles of vibration, and cdamping of the

structural elements of the head.23

2l1p1a., p. 17.

2aEdwin Hendler and Commander Edward Wurzel, "The

Design and Evaluation of Aviation Protective Helmets," The
Journal of Aviation Medicine, 27:1:64-65, February, 1956.

2
3Ib1q.




It must be remembered that thls third factor is
undetermined so that any analysis regarding the effects of
applied cdynamic loads to the head wearing a helmet must

necessarily te limited.

Literature in the Field of Athletlics and Physical Ecucation

Hawk,gu commenting on "Brain and Skull Injuries,"
stated that the one hundred seventy-nine injuries for 3,480
athletes 1s not as serious as 1t appears. The Athletic
Trainer classifies any dlzzlness, partial vislon, or head-
ache as a "Brain Concussion." Many of these symptoms turn
out to be disorders other than brain concussions, as 1is
shown by the fact that the average disability for each in-
dlvidual was only four and three-tenths days. A better
helmet, however, will eliminate many of these dlsorders
classifled as "other than concussions.”

It was shown that 16.7 per cent of all football in-
jurlies occurred to the head and neck. Thils ranks second
with the sectlons of anatomy injured, but is one-tenth of
one per cent from beilng last as for the rate of "days
disabled."

This year's survey [Table I] classifies direct fatali-

fies as to the specific location of injuries. It 1s shown

24G. Kenneth Hawk, Football Injuries Survey for 1952
Season (Houghton, Michigan: Michigan College of Mining and
Technology, 1953), p. 3.
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trat the head area accounts for €0.39 per cent of the total
dlrect f‘atalities.2D
Impacts to the head might be divided iInto two cate-
26

gories:

(a) Low energy--that type of impact for which current
footkall helmets provide protection.

(b) High energy--that tvpe of impact which inflicts
serious injury or even death.

For helmets to accomplish the task of sufficiently
reducing both types of impacts they should have (1) a
resillient energy attenuating property for repeated low order
energy impacts and (2) an energy absorbing property with
the abllity to handle high order energy impact. Helmets,
therefore, should be tested for:

1. Protection against repeated low energy 1mpacts.
2. Protectlion against single high energy impacts.

3. Protectlon against blows on the sides, back, front,
and top of the head.<’

For low energy impacts the helmets should be struck

ten times 1in each of the different positions testecd. 1If

25Committee on Injurles and Fatallitles of the American
Football Coaches Association, Twenty-Fifth Annual Survey of
Football Fatalitles, op. cit., p. 23.

=6
Protectlon, Incorporation, 6521 West Blvd., Ingle-
wood 3, Californla. Personal correspondence dated June 1,
1956.

211 p1g.
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there 1s appreclable increase in the maximum Gs recorded and

the rate of 1ncrease of Gs occurs between the first and the

tenth iImpact, the helmet .should be tested agaln after twenty-

four hours. It 1s important that the energy attenuating

property remalns approximately constant. If 1t does not,

then last year's helmet should not be used.

1.

2.

Football helmet design should provide for:
Deflectlon of blows.
Resillent attenuation of discomfortable blows.

Energy absorption of impact blows which could
cause serious, if not fatal 1injuriles.

Specifically, the helmet should consist of:

A hard external shell capable of deflecting blows
because of 1ts smooth surface and capable of dis-
tributing the blow because of 1ts resistance to
distortion.

An energy absorption layer of not less than one-
half inch thickness next to the helmet shell and
on the inside.

A resilient sizing layer or a sling hatband Sus =
penslion to attenuate the uncomfortable 1mpacts.28

281p1a., pp. 6-7.



CHAPTER III
METHODS OF PROCEDURE

In this chapter the methods of procedure are divided
into two parts: (1) an explanation of the equipment, and

(2) the experimental design.

The Equipment

A strong wooden head was bullt to fit a football
helmet of size seven and one-fourth. The bottom, where the
neck and shoulders normally would be, was made to form a
solid base to enable the head to withstand a strong force.
It was fastened by two steel cables with a sling arrange-
ment attached at the ceillng and, of course, was free to
move at Impact. Four turnbuckles were used, one at each
corner, to railse or lower the head to assure the pendulum
of striking 1n the same spot on each helmet, Figure 5
shows a close up of a helmet on the wooden head.

Nine of the most popular, nationally known football
helmets were tested. They were generally considered to be
the best 1n existence today and are used by the majority

Of college football teams. They were as follows:



FIGURE 5 Helmet on Wooden Head with Pendulum in Position

FIGURZ 6 Close Up of Oscilloscone
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Name Style Code Number
1. MacGregor H612 MHE12
2. MacGregor E610 ME610
3. MacGregor Ho20 MH620
4, Riddell Kra-Lite TKS RK-TK5
5. Riddell Ten-Nite RK4 RK-TK4
6. Spalding 3122 S3122
7. Spalding 3131 S3131
8. Wilson F2010 WF2010
9. Wilson F2000 WEF2000

These helmets had either leather or plastic shells,
and the inside was made of heavy canvas suspension, foam
rubber padding, a new type of absorblo, or various other
comblinations. Hereafter the helmets will be referred to
by thelir code names. They were all size seven and one-
fourth. To make sure the helmets would not fall off when
struck, a shoe lace was loosely tled to connect the chin
strap to the other side of the helmet.

A five and thirteen-hundredths pound pendulum type
welght which 1s referred to in the diagrams as a 16 slug
was used to strike the helmets., Thils welght was used because
1t was the maximum the release could safely hold. It was
attached with two steel cables to the celling. The striking
side was slightly curved to resemble a knee. This facsimile
of the knee was chosen at random. In the initial éesign
objects similar to the elbow, knee, and top of the head were
thought desirous to use on the head of the pendulum. Due
to the lack of time, only the knee was used. On top of the
pendulum a small rectangular solid two by three-fourths by

three-fourths inches was fastened to the same small steel
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plate that held the cables. Tt was slightly movable to
help keep the pendulum horizontal to the floor when held at
the various heights by the release. On the back side, the
accelerometer was securely fastened. The leads were wired
from the accelerometer up one side of the cable, across,
and down to the recorder. The pendulum 1s shown in motion
in Figure 8 and 1s secured 1in the electrical release 1in
Filgures 5, 6, and 7.

To hold the pendulum at the various positions an
electric release was bullt, The small rectangular solid
from the pendulum was placed In the center of the release
box. It was held by a magnetic coll which was turned on and
off from a switch box placed beside the oscilloscope. One
plece of cord from the release box was fastened to the steel
bar above the pendulum, making both the pendulum and release
box the same distance from the ceiling at various positions.
A small chain ran from the release box up through two pulleys
and was hooked with rings at varylng dilstances to a fixed
point on the wall. Thus by attaching the varlous rings to
the fixed point the veloclty changed. The release box 1s
shown 1n Figures 5, 7, and 8.

The accelerometer used was a Schaevitz linear
variable differential transformer (L.V.D.T.). It measures
the force of deceleration accurately up to 500 Gs by the
dlsplacement of a spring supported core. The equations

used were:
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[F--force
F = ma [m--mass of core
and where [a--acceleration of L.V.D.T.
[K--spring constant of core
F = Kx [ springs

[x--displacement of core

These equations combined, show that acceleration is propor-

Kx
m

The L.V.D.T. operates on the differential transformer

tional to displacement, 1.e., a =

princlple: A 2500 cps signal 1s fed iInto the primary coil
of the L.V.D.T. but, cdue to a counterwound seconcary, nho
output 1s present when the moveable core is at 1ts mid or
neutral position (the pendulum with the L.V.D.T. mounted on
the back was 1n a horizontal position) since the voltages
Induced in the two halves of the counterwound secondary are
equal and opposite In sign. When the core 1s moved by some
force, in this case 1t was deceleration, then one or the
other precdominates. Their difference, proportional to the
displacement of the core appeared at the secondary terminals,
€. £., was shown on the oscilloscope.

The 2500 cps signal was fed to the primary of the
L.V.D.T. from a Sanborn Strain Gage Amplifier. It was hoped
that the output of the L.V.D.T. could be shown on the strain
gauge amplifier and recordec, but the duration of the de-
celeration was of such small magnitude that the mechanlcal
stylus of the recorder was unable to follow it. Instead
the output of the L.V.D.T. was fed into a Hewlett-Packard
model 130A oscilloscope and photographed as 1t appeared on

the scope face.
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A simple tlock cdizgram of the hook up 1s shown as

follows: — —

/

|

Sanborn Strain
Gauge Amgplifler

Steady 250C cps signal

L.V.D.T.

It was desired to examine the tlme ratio factors in
relation to G. As demonstrated 1n the numerous studles by
Gurdjlan, et al, the longer the time duration of a pressure,
the smaller the number of G required to produce a concussion.
By increasing the plp, however, 1t was extremely cifficult
to record the area under the curve, as almost always part
of 1t did not appear on the scope. Thls meant that the
number of Impacts at each veloclty would have to vary from
helmet to helmet and even poslitlon to position. At thils
stage 1t was consldered unwise, so the i1dea was abandoned.

The plp on the oscllloscope was set at filve-tenths
of a second per centimeter. There were ten centimeters
across the scope face so 1t took five seconds to completely
cross the screen. As the veloclty increased the millivolts
per centlimeter were also 1increased to keep the helght of the
pip from falling off the screen. This meant 1t took more
deceleration to pick up the output from the L.V.D.T. The
oscllloscope was bullt so that a llnear relationship exlsted

between millivolts per centimeter and the height of the plp.
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As the millivolts per centimeter 1lncreased, the helight of
the plp decreased. Also, as the millivolts per centimeter
increased, the intensity was turned up thus making the pilp
brighter. The plp was checked at each setting to make sure
its top, in neutral position, appeared at the edge of the
first line below center. Thils made 1t easlier to check the
height of the plp. Figure 6 shows a close up of the oscillo-
scope.

On top of the oscilloscope a code system was devised
so as to show at what velocity the blow was struck, the
type of helmet used, and the position on the helmet. This
was seen on each frame. Figure 6 shows thils code system
in relation to its position on the oscillloscope.

An Eastman Cine Speclal 16 mm. camera was used.
It was mounted on a tripod, three and one-half feet from
the oscilloscope. The diaphram of the lens was set for
a light speed of f 2.8. Pictures were taken with tri-X
negative fl1lm which was processed and delivered as a nega-
tive roll. The shutter was opened by a hand crank and the
lens was capped with a rubber cap. Each frame was hand
cranked to change the fl1lm and open the shutter. The light
in the room was very weak, so weak that the needle on the
Western Exposure meter did not record i1t. There was enough
light, however, to plck up the code system which was mounted

on the oscilloscope. Figure 9 shows the camera, release
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switch, oscllloscope, and recorder in the position in which

they were used.

Experimental Deslign

The helmets were all tested at the following six
velocltles: six, nine, twelve, fifteen, eighteen, and
twenty-one feet per second.

This was 1n relation to a speclflc recommendation of
Hendler and Wurzel that to improve the deslign of their ex-
periment, they should have 1included both low energy and high
energy type 1mpacts.

In changling the slx velocltlies to mlles per hour,
there existed a varlance from four and one-tenth miles to
fourteen and three-tenths miles per hour., Four and one-
tenth miles per hour corresponés to an individual walking
into an extended knee or falling off balance and landing
on a knee. Fourteen and three-tenths milles per hour was
relative to an 1Individual running into an extenced knee,
or while iIn a still position belng kneed by someone running
toward him.

Four different positions, front, back, right side,
and top were tested, in that order. Figure 10 shows the
helmet outline wlth arrows 1Indicating the impact points.
Each helmet was tested filve times at each veloclty starting
at six feet per second, then nine feet per second, etc.
After each blow the helmet was checked to make sure it had

not slipped or twisted on the head. Thils was accomplished
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with two pleces of tape on the head used as points of meas-
urement. Each helmet was tested at three positions: front,
back, and right side. At the end, the head was turned
horizontally and each helmet tested at the top posltion.

Three 1ndividuals were required to perform this
experiment. One person checked the helmet to make sure it
was stralight and placed the pendulum in the release box
after each impact. Upon completing this he called, "Ready."
The photographer, operating the camera, upon the signal
"Ready'" and when the plp was near center, pulled the rubber
cap from the open shutter. As the cap left the open shutter,
the thiird person switched the button to release the pendulum,
This 41ndividual also kept the records of the millivolts per
centimeter used at the different impacts and changed the
dlal on the oscilloscope.

Calilbratlion was initially made by noting the differ-
énce 1n levels between the signals when the L.V.D.T.
(mouflted on pendulum) was rotated from a neutral position
(mOVaible core horizontal) to one 1n which the sensitive
aXls of the L.V.D.T. was parallel to the force of gravity
(front part of pendulum perpendicular to ground). 1In dis-
Placing the core, the force of gravity (one G) was repre-

Senteg by the change 1in single level on the scope, thus

allOVVing the scope to be callbrated iIn Gsper centimeter of

SCOpe deflection.
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As a final check, the L.V.D.T. was also callibrated

in the followlng manner:

F— -
N Signal to oscilloscope
N\ /
\ /
/
V] e
7
C)1; o —m s e e ee— TN g i v et -
LVDT

The L.V.D.T. and attached mass swung and the maximum
deflection of the spring was recorded, as well as the ampli-

tude of the decelerationpulse on the oscilloscope.

The equations: [F--force
[(m--mass in slugs of L.V.D.T.
F = ma [ and pendulum bob
where [a~--deceleration of L.V.D.T.
[K--spring constant in pounds
F = Kx [ of inch deflection

[x--deflection 1in inches

It was easlily shown agaln that a = 5%. Since K, x, and m
were known, a could be accurately determined from this
formuila. The signal on the scope in centimeters of deflec-
tion represented thls deceleration, and another callbration
WasS made in terms of Gs per centimeter of deflection. The
Init1a] calibration and this check calibration agreed well
Wlthin the limits of observational error.

A third callbration used mainly to correlate with
LomkNird's findings was to check the voluntary tolerance
leVe].. In hils experlment he obtalned one maximum of thirty-
€ight Gs in the front position. For the two subjects tested

in This experiment a maximum of thirty-five Gs were recorded.
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After all the helmets were tested and the film devel-

oped, the recordings were measured on a viewer. The heights
of the plps were recorded, the averages were taken on each
helmet at each velocity, and were transferred to G. [See
Appendix A.]

The results were shown by graphs. The deceleration
rate (G) was plotted agalnst veloclty in feet per seconds.
The experimental design in this experiment 1s similar to
the one shown 1in Figure 4 whilch was developed to provide a
d zymamic load test, and the Alr Force experiment by O. T.

S € rand, Jr.

As stated before 1In the letter from Protection, In-
co rporated, helmets should be tested for:i
1. Protection agalinst repeated low energy impacts.
2. Protectlon against single high energy Iimpacts.

3. Protection against blows on the sides, back, front,
and top of the head.

The design of this experiment included all this,
Pl us repeated high energy impacts and the so-called "average"

be t ween the low and high energy impacts.

lCorrespondence from Protection, Inc., op. cit.



CHAPTER IV
RESULTS

Upon developing the film, there were no recordings
for either helmet ME610 or helmet WF2000. The shutter on
t hhe camera had been closed and as a result only blank film
de veloped. Recordings were taken agaln and as indicated on
the graphs the second run was recorded.

For helmet MHG1Z it was impossible to adequately
me asure the helght of the pip in the front and right side
p o sitions, so these were not included in the graphs. This
he lmet had been used in the sample run and at the high
ve locitles the intensity had not been turnedé up.

There were nine graphs comparing eacn helmet with
1 €t self iIn the four pisitions, [Filgures 11 through 19], and
f'owur graphs [Filgures 20 through 23] whlch compared each
he 1met with every other helmet in the four positions.

As shown 1n Figure 20, the lowest deceleration re-
CO1rded in the front position at twenty-one feet per second
W&a s from helmet RK-TKS. It reached a peak of 181.5 Gs at
tWen‘cy-one feet per second which was 128 Gs below the next
lowest recording. It was interesting to note that the three
lowest recordings were from the same type helmets, plastic

She1lls with canvas suspensions that fit snugly on the head.

higd]
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The two helmets with the highest deceleration were MHG62C and

S3131, both exceeding 44C Gs at twenty-one feet per second.

In examining the front of helmet S3131 1t was discovered

that there were two large rivets covered by a three-quarter

Inch foam rubber strip. The high velocity blows had forced

the rivets partially through the foam rubber.

Helmet MIE20 had an exceedlngly weak suspension and

t hhe 1nside mounting, whlch covered one inch above the holes
f"o r the ears, was covered by a foam rubber strip about one-

guarter of an inch thick.

In the t:ck position, the lowest deceleration at -
twe nty-one feet per second was from helmet MEG1O (second
riira) from whilcr 156.5 Gis were recorded. The highest re-
co r=ding was a leather helmet MHE20 from which 486.9Gs were
re < orded; fthe highest recording from all fhe helmets in
al 1 positions. However, in 1ts defense, 1t must be mentioned
thha&a t another leather helmet, MH612, had the second lowest
de celeration.

The lowest recording for the right side position was
72 . O6 Gs recorded from helmet RK-TK5. Two other helmets,
S31 22 and MH610 (second run) also recorded under 100 Gs.
The highest recording was agaln from helmet MH620 which
ead 460.9 Gs. This was 187 Gs above the next highest
Nelmet, The only protection helmet MH620 provided in this
POsS1ition was a one-quarter 1inch foam rubber padding which

WHa'S pushed agalnst the leather shell by the head.

ae
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The lowest recording for the top position was 67.9 Gs

recorded from the WF20C0 (second run). This was the lowest
recording from any position at twenty-one feet per second.
Helmets MEG1O (second run) and RK-TK5 recorded under 100 Gs.
The highest was 405.2 Gs recorded from helmet WF2010. It
was Interesting to note the contrast between helmets WF200Q0
(second run) which recorded 67.9 Gs and WF2010 which re-
cordedé 405.2 Gs. Helmet WF2000 (second run) has a canvas
suspension covered with a thick foam rubber, of about one-
ha 1 f inch length. Helmet WF201C has a foam rubber padding
wh i ch fits loosely to the shell. The shells are almost
ide ntical.

The lowest average in regard to position, was re-
co r>ded on the rignt side, while the highest average was 1in
thhe front position. The review of literature indicated a
grre at deal of protectlon 1s needed 1In the top position be-
ctalise the head 1s less likely to move when struck at this
PO = 1 tion. The results of this study show that the majority
0f" helmets glve this added protection.

The two lowest over-all recordings for the four
PO s 1 tions were from helmets RK-TK5 and ME610 (second run).
The highest recordings by far, were from helmet MH620. A
COmparison must be taken to see why helmets RK-TK5 and
ME&10 hag the lowest recordings. The only difference ob-
S€rved between helmet RK-TK5 and helmet RK-RKL4 was the
SRe11, The shell in helmet RK-RK4 was of softer plastic.

He Imets ME610 and RK-TK5 had very strong shells,




Helmets RK-TK5 and MEG10O both had a very strong
canvas suspension, although helmet MEE1C had a new type
absorblo on tne canvas. These suspensions fit around the

head above the ears,

A look at the graphs shows that at various velocities
the curves acceleratedalmost straight upward. Thils seemed
to 1indlicate the veloclity at which the wooden head made

contact with the shell.




DECELERATION IN 6

FIGURE 11
DECELERATION OF .16 SLUG AT VARIOUS
VELOCITIES UPON IMPACT WITH HELMET
ME 610 (SECOND RUN) ,
36°T
he LEGEND : .
320_1. Front —-
_ Beek — - -
- Rt, Side - -~ -—-—-
Top - - - :
/
- o/
240 /
/
160__ : 4 X
120—
-~ v o)
[ 4 X -
80— . -
) . B $_',. ‘ ) B
C - - e
40 /’/// ./(7./ B @.
. (;ﬂ/’__',é ,_,/'
Q=

03%2 R TR s 15 2

VELOCITY IN FEET PER SECOND

45

"#:—, .




40

400

3%

=

&

5 NI NOILvHIEIRIDAA

N

18

I



46

 FIGURE 12
DECZLERATION OF .16 SLUG
AT VARIOUS VELOCITIES UPON IMPACT
WITH HELMET WF 2010
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YIGURE 15 :
DECELERATION OF .16 SLUG

AT VARIOUS VELOCITIES UPON IMPACT
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FIGURE 16 .
DECELERATION OF .16 SLUG
AT VARIOUS VELOCITIES UPON IMPACT
WITH HELMET S3131
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FIGURE 17
DECELERATION OF .16 SLDG
AT VARIOUS VELOCITIES UPON IMPACT
WITH HELMET MH620
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FIGURE 18
DECELERATION OF .16 SLUG
AT VARIOUS VELOCITIES UPON IMPACT
WITH HELMET S3122
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FIGURE 19
DECELERATION OF .16 SLUG -
AT VARIOUS VELOCITIES UPON IMPACT
WITH HELMETY WF2000 (SECOWD RUN)
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CHAPTER V

SUMMAFY, CONCLUSIONS, AND RECOMMENDATIONS

Summary
It was the purpose of thls study to measure the

characteristics of helmets as regards the decelerations of
a moving object on impact. This was done by inflicting
blows of varying speeds to speciflc positions on the helmet
with a pencdulum type mass of .16 slug.

Nine different helmets were examined. Thelr code
names were as follows: Mii6lz, ME610, MHG2C, RK-TKS, RK-RKY4,
S3122, S3131, WF2010, and WF2000. They were mounted on a
wooden head which was suspended from the ceiling. Each
helmet was tested at the followlng velocities: six, nine,
twelve, f{1fteen, elghteen, anc twenty-one feet per second.
Four positlons, front, back, right side, and top were used.
Five blows were averaged at each veloclty for the individual
helmets in the four respective positlons.

An accelerometer measured the deceleratlion of the
.16 slug at impact with the helmets and thls was recorded
by an osclilloscope whlich was photographed with a sixteen
millimeter camera, hand cranked in order to take the plctures

frame by frame. The results were clearly shown with nine
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graphs plotting each helmet against itself for the four
positions and four graphs plotting each helmet against

every other helmet in each position.

Coricluslons

1. For the helmets investigated, the plastic shell
was superior to the leather shell.

2. For the best protectlon in terms of decelerating
a moving object in the front position, helmets should have
a hard plastic shell with a canvas suspenslon that fits
snugly on the head.

3. If at all possible, helmets should be free from
rivets. 1If rivets are used, they must be adequately covered
and have as much distance between them and the head as
possible.

4, If a canvas suspension 1s used, it should be
constructed iIn such a way that the suspension firmly fits
the head.

5. The review of the literature indicates that con-
cusslion 1s most llkely to concure on the flatest portion of
the skull. The sldes of the head, therefore, must be ade-
quately protected. Thils can be accomplished by raising the
outbend on the sides to allow more room for the ears and
leaving more space between the suspension and the shell.

6. The top position needs the greatest protéction

due to the relatively greater mass of the head and body to

be moved when struck 1In this position. Thls is best



GO
accomplished by a plastic shell with a strong suspension and
a distance of at least one-inch between the shell and the

suspension.

7. An "all purpose" helmet needs a hard plastic
shell wlth a strong canvas suspension in which the head 1is
firmly fitted, not only on top but around the sides above

the ears.

Recommencdations

The followlng problems are recommended as a result

of this study:

1. Pressure gauges on the four positions inside
the head as well as on the pendulum might be used; thus
recording the difference in Gs that 1s transmitted through
to the head.

2. The fatigue factor should be studied by con-
tinued impacts on the helmets wlth high veloclty blows
until they "break down."

3. The various comfort factors such as weight,
shape, and stabllity mlght be 1nvestigated.

4, The effect of temperature on the different type
plastic helmets should be studied.

5. The weapon angle should be examined, e.g., the
effect of the shape and padding on the outside of the Helmet
in relatlion to injurles.

6. The time-ratio factor should be studied, e.g.,

the duration of the blow in relation to the extent of the

injury.
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MH5620 Calibration 1 mil/CM = .23
Position G's Cal
and Setting Readings Average at 1
Velocity mil/CM
Front
6 Tt/sec 2 mil/CM 3.5 3.1 3.3 3.8 3.9 3.52 30.6
9 5 3.6 4.4 5.2 5.2 4.6 100.0
12 10 2.5 3.4 2.6 3.6 4.2 3.26 1k1.7
15 20 3.4 3.9 3.3 3.1 1.7 3.08 267.8
18 20 3.8 6 b5 4.6 - 4,375 380.4
21 20 3.8 5.4 5.4 5,1 5,6 5,06 440
Back
6 ft/sec 2 mil/CM 3.4 3.4 3.7 3.3 3.1 3.38 29.4
9 5 1.9 1.9 1.8 2.0 1.9 1.9 41.3
12 5 2.1 2.6 3.2 3.6 3.3 3.16 68.7
15 5 1st off 3.6 4.0 4.0 2.8 3.6 156,5
10 rest
18 20 L.O 4.2 4.3 4.4 4.4 L. 26 370.4
21 20 1st -- 2.4 2.1 2.0 2.4/ 2.24 1486.9
.05 volt/CM 2.3
Right Side
6 ft/sec 2 mil/CM 3.5 3.6 3.7 3.0 3.8 3.52 30.6
9 5 2,6 2.7 2.8 2.7 2.6 2.68 71.3
12 5 3.4 5.6 -- 5.9 -- 4,97 108.
15 10 1sttwo 5.0 5.6 2.8 2.8 2.7/ 5.3/ 224.3
20 rest 2.0 2.58
18 20 3.6 3.9 4.1 4.0 4.4 4,0  347.8
21 05 volt/CM 2.1 2.1 2.0 2.2 2.2 2.12 Le0.9
Top -
6 ft/sec 2 mil/CM 2.3 2.2 2.4 2.6 2.8 2.46 21.4
9 2 3.9 3.7 4.0 3.6 3.8 3.8 33.0
12 2 1lst b7 2.3 1.9 2.1 2.1/ 2.08 45,2
5 rest . 2.0
15 5 3.1 3.0 3.0 3.0 3.5 3.12 67.8
18 5 1st off 3.3 3.7 3.8 3.3- 3.525 153.3
10 rest
21 20 3.2 3.8 3.2 3.7 3.4 3.46 300.9
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53131 Calibration 1 mil/CM = .23
Position G's Cal
and - Setting Readings Average at 1
Velocity mil/CM
Front
6 f't/sec 2z mil/CM 3.6 3.7 4.6 3.5 3.7 3.82 33.2
9 5 2.4 2.8 2.4 2.3 -- 2.475 53.8
12 5 boh 4.2 -- -- 4.8  L4.47 97.2 E
15 10 3.3 4.1 4.6 4.8 5.4 4,44 193.0
18 20 3.4 3.3 3.4 4.2 3.8/ 3.7 321.7 !
4,1
2l .05 volt/CM2.2 2.1 2.0 2.1 1.8 2.C4 443.5 E
6 ft/séc 2 mil/CM 4.1 3.9 4.6 4.6 L.2 4,28 37.2 :
9 5 2.b 2.5 2.5 2.7 -- 2.525 5k.9 |
12 5 3.1 3.0 3.2 3.1 3.2 3.12 67.8 ——
15 10 1.9 2.0 2.2 1.9 2.0 2.0 87.
13 10 2.3 2.9 3.5 3.2 2.4 2.86 124.3
2 10 1st off 3.8 1.3 3.9 3.7/ 3.18 276.5
20 3.2
Right Side
6 ft/sec 2 mil/CM 3.1 3.4 3.5 3.3 3.5 3.36 29.2
9 5 2.0 2.0 2.2 2.2 2.2 2.12 46.1
12 5 3.0 3.2 2.9 2.9 2.7 2.94 63.9
12 10 1.8 2.0 1.8 1.8 1.9 1.86 80.9
18 10 2.3 2.4 2.3 2.2 2.3 2.3 100.0
21 10 3.4 3.4 3.4 3.8 4.0 3.6 156.5
Top
6 ft/sec 2 mil/CM 2.3 2.1 2.0 2.0 2.4 2.16 18.8
9 5 1.5 1.4 1.3 1.5 1.4 1.42 30.9
12 5 1.8 1.5 1.5 1.4 1.7 1.58 34.3
15 5 1.9 2.0 2.0 1.9 2.0 1.96 L4o.6
18 5 2.0 2.9 2.3 3.5 2.9 2.72 59.1
21 10 for 4 1.4 2.0 5.1 5.4 2.0/ 3.475/ 161.2
20 rest l.g 1.97 -
2.
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MH612 Calibration 1 mil/CM = .23
Position G's Cal
and Setting Readings Average at 1
Veloclity mil/CM
Front
6 ft/sec 5 mil/CM 1.4 1.6 1.4 1.6 1.6 1.52 32.6
9 10 .8 .9 1.0 1.2 1.0 .98 Lo.6
12 20
15 20 Inability to accurately
18 20 measure pip
21 20
Back
6 ft/sec 5 mil/CM 1.0 1.0 1.0 1.0 .8 .96 20.9
9 , 5 1.6 1.8 1.7 1.8 1.9 1.76 38.3
12 10 -- 1.6 1.1 1.4 1.5 1.4 60.9
15 20 Inabllity to accurately
18 20 measure pip
21 .05volts CM - 1.2 .9 .9 1.1 1.025 222.8
Right Side
~ 6 ft/sec 5 mil/CM .7 77T .6 T .68 14.8
9 5 1.1 1.2 1.2 1.1 1.2 1.16 25.2
12 5
15 5 Inability to accurately
18 5 measure pip
21 10
Top
6 ft/sec 2 mil/CM 2.8 2.5 2.7 2.5 3.0 2.7 23.5
9 2 4.3 3.6 3.8 3.4 3.775  32.8
1z 5 1.9 1.8 1.9 2.0 2.0 1.92 41.7
15 5 2.6 2.3 2.4 2.4 2.5 2.44 53.0
18 5 4o 4.3 5.3 4.6 4.55 98.9
21 5 1st off off 2.8 2.8 2.3/ 2.725 236.96
10 2nd 3.0
20 rest
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.23

Calibration 1 mil/CM =

RK-TK5 [M.S.U. Helmet]
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WF2010 Calibration 1 mil/CM =.23
Position G's Cal
and Setting Readings Average at 1
Veloclty mil/CM
Front / " ¢ 3.8
6 tt/sec 2 mil/CM 1.9 2.0 2. 2.5 2.0 2.1 18.

9 2 4,1 4.4 4.2 4,2 5.0 4,38 38.1
12 5 3.2 3.2 3.0 2.7 3.3 3.08 66.95
15 10 2.7 3.5 3.0 3.4 3.6 3,24 140.9
18 20 3.0 3.1 3.3 2.9 2.8 3.02 262.6
21 20 L,0 4.2 4,3 4,1 4.0 4,12 358.3

Back

6 ft/sec 2 mil/CM 2.5 2.3 2.0 2.4 2.3 2.3 20.0

9 2 3.7 3.4 4.8 3.8 4.4 4,02 34.96
12 5 1st -- 2.8 2.1 2.2 2.4 2,375 103.3

10 rest
15 20 1.5 2.3 2.4 2.6 2.6 2.28 198.24
18 <0 3.7 3.7 3.9 3.7 3.6 3.72 323.5
21 20 L,2 4,0 4.3 4.6 4.5 4,32 375.7
Right Side

6 ft/sec 2 mil/CM 2.3 2.1 1.7 2.0 2.3 2.08 18.1

9 5 1.3 1.2 1.4 1.3 1.4 1.32 28.7
12 5 1.5 1.4 1.5 1,6 1.4 1.48 32.2
15 5 2.1 2.0 2.3 2.2 2.2 2.16 46.96
18 5 1st -- 3.0 2.6 2.7 3.4/ 3.08 133.9

10 rest 3.7
21 20 3.1 3.0 3.3 -- 3.2 3,15 273.9
Top

6 ft/sec 2 mil/CM 2.0 2.6 2.0 2.0 2.0 2.12 18.4

9 2 3.4 3.4 3.2 3.2 3.3 3.3 28.7
12 5 2.1 2.0 2.0 2.1 2.0 2.04 L4y .3
15 5 4,1 3.8 4.0 4,5 L,z 412 89.6
18 10 1st 5.6+ 3.4 3.4 3.8 3.5/ 3.54 307.8

20 rest 3.6
21 20 4.6 4.7 5.0 4.5 4.5 4,66 L05.2

rq_? B e
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.23
G's Cal
Average at 1
mil/CM

Calibration 1 mil/CM =

Readlngs

Setting

and
Velocity

S3122
Position

——
——

O
565 ([@JeoNe) 1617 o\ —A NN\ OO N AN OV (@)
993 O~ 2295 oM 00 MO +\O M~ OO O
— NQD OO Qu NN O \O — N N\~ — NN~ QO
—— N — M — o

= =t O \O B~ Ta NN TQ) e 0] O O N0 0\ O \O Q
N0 - N0 I~ 5783 O — O MO NI~ N ~-NO o
(AN eaYea! AN M 2313 N AN AN A A — M QN =

™~ ~
NAUC NN O LN O ™ M~0 O N0 OO7OV665
oYM NN NN M = —AMNMAN N~ NOOYH N
152 N —~\O MO HM N —~\O NM~ON OO O o
23.&. — T M NN M (e By NN N~ — NN N =

+
357 139 3_7.5 [@N4QV AU M~ OVO - — NI N O
232 133 AN =M ™M N N~ [QVNea X QP g =
20. 817 QO O — — MO O NI~ O — 0O \O [Q\
™M 337) NT M ™M NN N — —AMNHNM™M =
+
o0 276 ,478. O O — O MO OO?BH oﬁ
Ao 3'43 [QVE AN | [QV g NN N~ NN N O (o]
5 5 5 5
— — L n — — L 0P n
o—t ot n o — o nono
IS = — S = — S S
[QVRQVATQ) ONON®) NN NOYNNO OO AN ANNNNNNO O AN NONNNO OO
— — O — QA — — — — Q
]
[9) [3) LI INS) (3)
(] Q — QL ()
2 o Q2 wnl.n Ql v
N 1N N o™\
+ c| + BY NS) |+
G M| el K G
olt)

NoNe) X4V IO\ — ooy O~ — O ON N IO — NoNe)YeATaYeo) —

— —~— —~— ~QN M —~r——Q — — QY]







72
= 023
at 1
mil/CM

G's Cal

Average

Calibration 1 mil/CM
Readings

Setting
2 mil/CM
5
5 1st
10 rest
4
3.
20 for 2 4,
.05 volts/CM

10
<0

Front
6 ft/sec
Back

9
12
15
18
2l

And
Veloclty

ME€10 [Second Run]

Position

(00]
T OO~ N
NO ™M A \O
NN O O [IQ\
—
mn
O Noo
NN O\0 4 O
[V I VY] ™M

AU BQVEQURQUEQY)

(o0} .002
[QVEN BNQVN 9 A RQV)

.....

Right Side
Top

12
15
18
21

ooooooooo

ooooooooo

[SaNeA RSN s A NQUNQVEQVE L B

O OONMO NN~

ooooooooo

NN NN~

M- O AV ANOO NV

ooooooooo

NNITT NN A A

O AN YN MO O M~

ooooooooo

NN T AN A~
T T TP
g wncocncn
AN HNAHN
~N
lM
o
EO
ON@]
Q QY] n\ N\~
()
[}
0
~N
»
Gy
O N q LOOD —
— — — QJ




[ord

G's Cal
at 1
mil/CM

Average

Calibration 1 mil/CM = .

Readings

Setting

and
Veloclty
Front

WF2000 [Second Run]

Position

O
nmMm O NN M NN INO ™M —A O\ MO AU O N0 =N O
N NN — N aNMCcO NN O AN~ ESgNON (ST — 00 I O\
o= QO I~ A= LNo0 \O o M T~ N NN O
— N ™M — QY] —
n\ 0 mn
= NoRTq ¥4V O [V~ 0>~ I 0000 A0 v NO AV
M~O 0 OO MO N~ OO ~ n=r O\ ~0 T NAONO —
[QVEQV] oMM MAUNAN A A Q AN~ NN~ QN NN AN ™M
O\ N
00 ONCO MO O —~ O+ O OO NN~ O NHOWM
NN ™M MAN AN H N QY] NAHNNAHAM NN AN
O O — M0 — Q0 M~ N — = = (6} Aol OO~ ~ 1N
[QVNQV] S N (28 ¥an QVEQVE- o A~ NN M aNMT ™M
n\ o I\ O Oor~-0oWN qV] nt O~ ON~O OO0
[QVIQ\| N — (s NQVQVQVEQV| Q N — NN —A M NN NN ™M
oo. noo —\O 0O M~O [0) n= O~ T H4O0OM™M
QU | NN~ NA N SV N~ [QVRQVEQVANY] NN HNM™M
\O 0 NONGES I\ NANO ~ O I~ M~y ONN-™M M~ O OO~
e e« s & e & s e 2 s o . . D e e e 8 e e & e
N M N M N N Q QYIS [QURAVIE QY] M VAN
= N = =
(@) 0 = O @]
NP L O + N ~N
— 0 — N P ow — —
— 0 O o= — n o o ot
2 & =0 .m — 1= IS
NNy 0O oW INNNNO O OO Ny NN o o [QVEQV N RTeYTaYTe}
—~ NN O Q] —— NN — —
. (5}
[} o ko] N9 (3}
& x| A AR &
~ ST N @]
+ c| + | P B
G Mm| &« £l Gy
&)
O O\ N INCO — NoNe)YaVRTaYeo) — —|\O O\ N IONQD — O ONN N H
——— QN — — N s s ——— N ——— QN







¢ £1

oL

B

T

™

NS00 JSE ONLY

Nar—tSag

o Al
N »I
0 Wb
; .

“ ] vll
AP 56044
3

Demco-293




i

93



