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IMPROVED KNEE PROTECTIVE DEVICES FOR MINE WORKERS

INTRODUCTION

Although most miners who kneel or crawl in their work do
use those knee protective devices (knee pads) presently on the
market, there are many indiceticns that they are not caimpletely
satlsfactory. A U. 8. Buresau of Mines Coal Mine District Manager
sald that inspecfors working out of his office could choose elthar
of two kinds of knee pads, but both were "not satisfactory."” A
' storekeeper in a "low coal" mining region said that his store had
‘regular buyers of the knee pads 1t stocked and he belleved that;
"I there was anything better, it would be on the market."

The protective devices in use today typically consist of
strap-on pads made of a thick resilient material with a flexible,
wear-resistant outside shell. The configuration and the method
of fastening suggest that the pads have been designed to be worn
wnile kneeling on a dry, relatively smooth surface, but that
1little consideration has been given to such matters as their
cemfort and position-retention while the wearer 1s standing or
walking, and there is ample evidence that existing pads don't

prevent such maladies as pre-patellar bursitis-="miners' knee."

PURPOSE

A research and development study was conducted to: —

A. Determine the design requirements for
knee protective devices (knee pads) to be used
in mine situations where the workmsn must work
and crawl on thelr knees. L

B. Develop a prototype device to alle-
viate injury, disease, and disabling discomforts.
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TIPROVED KIEE PROTECTIVE DEVICES FOR MINE WORKERS

by
Century Rsasarch Corporation, January 1972%

SUMMARY REFORT

There ers approximetely 95,000 ectivaly working cozl
ninzrs in this country. Roughly one third of thesz, or
30,000, can be classified as "low coal” minsrz. (Socurce:

U. 8. Buresau of Minzsz, 1969 data.) VWorking in narrow codl
sepams whara the tunnsl ceiling haight rangess roughly betwszn
two and four feet, thess men spsnd ths majority Qf theilr
working time lying, sitting, sgquatting or knesling when
gtationary or being transported, and crawling or "duck
walking” when moving under their own powsr.

In addition, there are approximately 1,000 U. 8. Bursau
of Mines inspesctors and supervisors &s well as a sizable numbsr
of State mine inspesctors whoss work may take them into minzs
where they will have to work or crawl on their kness.

It beccy =3 obvious that adeguate knez protection is of
graat importance to this group to help them parform thelr task
gffectively and as comfortably as possible.

| The protective dsvices (kneepads) suitadble for use by
coal miners that are evailable in the U. S. today &8ll con-
tribute to greazter comfort and protecticn against injury. The
degrdzs of comfort and protection afforded variez with the typz

of pads used. The nature of the work performed makes one pad

*Sponsorad by: National Institute for Occupational
Safety and Hezalth.
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more suitable than another; for instance, a motor-man who is

on his knees only part of the time and dces not have to erawl

much, demands less of his knee pads than an inspector who

routinely has to crawl a mile or more through low cozl tunnels,
In spite of the use of protective knee pads, the incidence

of knee injuries, ailments, and minor knees complaints has

remained high enough tc Justify an investigation intc the

cause and the nature of such knee ailmenits, and a research

and development project aimed at minimlzing them through the

development of more effective protective equipment.

- Century Research Corporation has now completed such &
project, the end-result of which is this report summarizing
our method of investigation, ocur findings, and our recommenda-
tions; performance and design specifications for improved
protective knee pads, degign justification for such knes pads,
and three sets of prototype pads of the above mentioned design.

Tne research method used consisted of a preliminary
literature search, attendance at pertinent medical lectures
given by and for orthopasdic surgeons, and examination of
hospital records and U. 8. Bureau of Minevancid@nt and
Aceldent reports for statistical data on the incidence of
knee injuries among low cozal miners. A survey was made of
U. 8. and‘foreign manufacturers of industrial protective
equlpment and of thelr products to determine the state-of-
the-art. Several models of knee pads were purchased for
evaluation purposes. Backgrgund information for the per-

formance and design specifications for the new knee pads
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was obtained through on-site observations of, and interviews
with low coal mlners and Federal and State mine inspectors,
and through consultations with an orthopaedic surgeon, a
physician, and several orthopaedic technicians.

One of the principal performance specifications setting
the present design apart from the currently eavailable knes
pads 18 the regquirement for an even distridbution of the load
on the knee while the wearer is kneeling or crawling. The
result is an orthopaedically correct cushion, which alleviates
the pressure concentrations underneath the patella and the
tiblar tubercle that normally occur whan & perscn kneels or
crawls, and that are the principal czuses for painful, swollen
knees and pre-patellar bursitis in "low coal" miners.

This cughlion has g relatively high profile compared to
most of the currently available knee pads. This in turn led
to the requirement for a semi-rigld outer shell, designed to
provide the wearsr added stadbility, and to prevent "roll

under, "

where the wearer's knee rolls off the pad, a condltion
& number of the miners interviewed complained about,

Several plastics and elastomer manufacturers and fabri-
cators were consulted regarding construction materials and
production methods. A patent search was made covering all
existing U. S. patents to date on protective knee pads.

Performance and design specifications were drawn up and
'experimental prototype design begun. Mock-ups were made of
several configurations and evaluated before the prototype was
selected. Tnree palrs of the recommended knee protective de-

vices have been fabricated and submitted to the National

Institute for Occupational Safety and Health.
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PERTINENT LITERATURE

Although tangentially related literature was found, the
only really pertinent study we encountered was the work in 1965
by Dr., Sharrard for the National Coal Board in England. This
work was done in Britain and wass concerned with the British
coal miners who work on thelr knees a great deal. We will quote
significant portions of Sharrard's study.

"In most of the common kneeling postures the part of the
knee that must take pressure is a triangular area bounded by
the lower part of the patella proximally with the femoral
condyles on elther side of it and the tiblar tubercle distally.
It is here that the pressure effects are the greatest"”.

. . "The normal response of the skin to intermittent
pressure, especially if combined with frietion, is to produce
hyperkeratosis of the horny layer. Thickening of the skin in
this area 1s the hellmark of kneeling miners end, In itself, is
harmless. Much sweating, due to heat and humidity in dezsp
seams, or dampness may cause maceration of the horny layer and
render the skin more 1liable to injury and infection” . . .

. « . "Acute aseptic bursitis is the most important pathological
iesion arising as the result of kneeling in miners. . . Chronic

geeptic bursitis i1s the commonest lesion of all in kneeling

miners" , .

1Sharrard, W.J.W. Pressure effects on the knee in
kneeling miners. Annals of the Royal College of
Surgeons of England, Vol. 30, Jan.-June, 1805,
309-324,




. . . "any device for the prevention or minimization‘of
bursitis should include some mechanism to cushion the vlolent
alternations in pressure on the knee., Most of the knee pads
in common use are not very effective in doing this" . . .

| Dr. Sharrard developed & knee pad which he felt would zlle-
viate some of the deficliencies of existing protective devices,
These pads, however, apparently have never been produced.
Other pertinent érticles wefound are:
Brantigan, 0. C. & Voshell, A. F.

"The Mechanics of the Ligaments and Meniscl
of the Knee Joint"

Cookef ¥. W., Ph.D. & Nagel, D. A., M.D.'
'combined Medical-FEngineering Study of
Injury and Damage to the Knee Joint in

Impact"

Edwards, R. G., lafferty, J. F., Lange, K.O. "
"Ligament Strain in the Human Knee Jolnt

Evansf ¥. G. & Thomas, C. C.
‘stress and Strain in Bones”

Helfet, A, J., M.D.,, M.CH.
"Man%gement of Internal Derangements of the
Knee '

Moseley, H. F. )
"Disorders of the Knee'

Sharrard, W.'J. W., M.D., F.R.C.8.

"Haemobursa in Kneeling Miners" ]
"petiology and Pathology of Beat Knee

Shinno, N.
"wodus of Movement of the Kneg"
"punctional Significance of the Patella in
the Movements of the Knee®

-3-
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FIELD OBSERVATIONS AND CONTACTS

In September 1971 investigators of Century Research
Corporation visited in the "low coal' sections of West
Virginia, approximately from Charleston to Princeton, in order
to become oriented to the problems of knee protection require-
ments and to talk with knowledgable persons in these lccales.
Active miners and thelr supervisors, West Virginia Deparitmant
of Mines inspectors, U. S. Bureau of Mines inspectors, and
médical speclalists were consulted.

The gocd and bad features of existing pads were thoroughly
reviewed in relation to the practical needs for protecticn to
meet the operating situations in "low cozal" mining.

Instances of "miner's knee" (pre-patellar bursitis)
were observed as well as soreness. Some men were seen to be
doing routine administrative work instead of inspection to
recover from soreness, others were observed to be working
while in pain from bursitis. First-person reports were ob-
tained of miners who suffered a sudden onset of painful knees
after years of no trouble.

Both good and bad features of presently used types of
knee pads were documented by direct query of users and
obzervation of the pads in use. Sets ¢of the four pads
presently used by the miners were purchased at prices ranging
in local outlets from $3.19 to $8.25.

HOSpiﬁal records of knee ailments were studied and
consultations were held with an orthopaedic physician who 1s

the most experienced in the country with miners' knee ailments.
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Some additional details of these observations and
consultations are noted below.

Several long-time mine workers displayed thickened skin
at the knee and evidence of past abraéions severe enough to
leave scars.

"Learning how to crawl" may sound like a childish exercise,
but some miners apparently are more effective at crawling than
others., Some crawl on hands and knees with feel hardly touch-
ing ground; some point thelr feet back; others keep them at
right angles to thelr legs so that their toes are more or less
perpendicular to the ground. Some low coal miners have wrist
- problems instead of or as well as knee problems. The extent
of wrist ailments was not evaluated, but when speclifically
gueried many miners indicated it was unpleasant and even
painful.

Of the four types of pads observed in use, the red
National Mine Services (WNMS) pads outnumbered the other types.
Mext came an equal number of the Judson pads and the German-
made {Nierhaus) pads. The least frequently seen was the
Rockmaster pad. (This was not & thorough market appraisal.)

Prices of the different types of pads vary from location
to location but at typical stores in the Beckley area, prices

were as follows:

“Judson pads: $3.19
Red MMS pads: $h .98
Rockmaster pads: $6.75
German pads: $8.25



Replacement parts for the Germsn pads were as follows:

Rubber strap-fastening buttons:

Singles (rear) $0.29

Doubles (front) $0.35
Straps¥®:

Short (rear) $0.53

Long (front) $0.65

Among the miners interviewed, we noticed a tremd in regard to their
opinions about kuee pads: The costlier the pads 2 miner Was.using, the
more convinced he was that there wasn't anything better on the market.
Although there were more users of the red NMS pads than any other type we
séw, they had, on the whole, more critical things to say about their ﬁads
than the users of the two more expensive ones. Those using the judson
péds had less to say about the whole subject of knee pa&s; présumably
because they were less plagued by knee problems and felt nmo fequirement

for more comfort, better protection, and spending more money.

Only a cursory evaluation was possible of the advantages and
disadvantages of the presently used pads. Most have chafing straps, wmost
cause sweating, straps on some require frequent replacing, some wear out

rapidly, on some sharp objects protrude through and imto the knee, on

#Jne miner pointed out to us that the rubber straps on his two-year-old
German pads were thicker and seemed more elastic than those on later
models. This appears to be a case of factory policy of plauned
absolescence, or posgsibly the replaceable straps and buttons are mobt
original equipment. Many miners cut their own straps out of imner tube
material.



most there is a tendency for the knee to roll off the pads, some wear for

vears while others last only a few months.

Inspectors and miners were observed to be temporarily off-the-job
because of knee ailments. There was reported to be an adaptation period
of several days when changing from "standing" work to "erawling” work:
this involves whole body adjustment as well as knee sensitivity

adaptation.

An attempt to review medical records at a southern West Virginia
hospital/clinic was relatively unproductive because records of
out-patients (the majority of knee cases) are not kept im the usual case
files, The cases available, though, did confirm the prevalence of

pra—patellar bursitis and popliteal cysts.

An orthopaedic surseon with much experience in treating miners’ knee
D g

ailments made several suggestions:

With regard to pre-patellar bursitis, he says that many

orthopaedists aren't familiar with the typical "miner's knee". Some

bursae get to be as big as a tennis ball. Bursa is a sack between skin
and tibiar tubercle, (the uppermost forward part of the shin bone).
Repeated pressure between the bone and an outside surface such as the
ground causes the bursa to fill with fluid in order to provide a cushion
to protect the bone. The bursa is usually filled with clear liquid,

sometimes there is pus in it, in which case it usually is a painful one.



The routine medical treatment is to drain the bursa after
first loczlly anzesthetizing the kmee. In some cases he has withdrawn as
much as 2 liquid ounces from one bursa. After draining, cortico-steroid

is injected inte the bursa.

Bursitis cases are considered an industrial disease for low coal
miners, and are compensible. A lot of miners either don’'t kmow that or
prefer to get their wages rather than wait for temporary disability
compensation, so few of them stay off the knee for a week after it has
been drained, and they're crawling on it again the next day. Result is
they're back with the same complaint within 2 few months. (Century
Research Corporation investigators interviewed one miner who had had his

knee drained the day before.)

This orthopaedist thinks knee pads should extend below the tibiar
tubercle. He thinks it would be good te have a ring-shaped or
horseshoe—sghaped build-up of cushioning material arcund the patella and

the tibiar tubercle.

Straps should be more elastic than leather, and wider, to reduce the
likelihood of cysts in back of the knees. He has seen miners who
installed pads inside pockets sewn on their pants koees. He thinks some
type of metal mesh over the pants knees would keep them from wearing out

too fast when this type of protection is used. (Note: An experienced



mine manager reported that in the "old days" padded pants were worn by
some miners and were liked but presented a difficulty in drying when they
became wet in working or were laundered.)

This physician believes that another common miner's kaee injury,
torn menisci and/or tendons, cannot be avoided by wearing knee pads or
even braces. He thinks it would be desirzble to make knee pads as free
from moisture as is possible, but he doesn't think moisture is an
important factor in knee ailments other than skin problems. He thinks
arthritis is not caused or made worse by moisture, but by temperature

change, especially cooling.

Necessity is the mother of invention, so the saying goes, and to
some extent this is exemplified by modifications made by knees pad users.
The following modifications, excluding jury-rigged repairs using wire and

string, were observed:

Red NMS pads that were cut off just below the wearer's tibiar

tubercle;

Rockmaster pads that were cut on top to conform to the wearer's leg

contour;

Knots in the straps of the red NMS pads to keep them from slipping

out of the pad;

Replacement of cushions in Judson pads by thicker cushions, or by

two layers of cushioning material;



And one case of a user of Nierhaus pads who decided to work in spite
of a case of bursitis. He carved a doughnut-shaped cushion out of a used
red NMS pad and installed it inside his Nierhaus pad to keep the pressure
off the painful spot. It was so comfortable that he installed one in the

other pad as well and kept them in after his bursitis had subsided.

In summary, the limited field cobservatioms which were possible yield
a great deal of practical benefit in developing improved knee protective
devices. It is recommended that additional contacts with users be

sponsored including in-use evaluation under simulated and actual working

conditions.

Besides the contacts made in the cozal mining regions a large number
of contacts were made with scientists, medical specialists,
manufacturers, and others throughout the United States and several

foreign countries.

On the several pages that follow (Figures 1-11), a few of the
Yon-site" situations which were encountered are presented. Thase
photographs demonstrate that miners are working with knee ailments;
miners are ingenious with various modifications and repairs; also the
environmental situations which the miner and his knee protective devices
face are shown to be arduous and demanding. They even show a general
need for research and development on devices, equipment and clothing to

fully protect znd facilitate the miner while at work.

I



' Reproduce;ci from »
best available copy. )

Fig., 1. "Miner's Knee," or pre-patellar bursitis,

is one of the comnmonest knee zilments among kneellng
miners, and one that the newly developed experimental
knee pad hopes to reduce significantly. The exampie
pictured above 1s & relatively mild case. The right knse
of the miner on the next page (Fig. 2) 1s more seversly
afflicted. Both miners were actively working when these
photographs were taken.



Pre-patellar bursitis,
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‘Reproduced from
| bast available copy.

- Fig. 5. Clinging mud and grit indicate the degrees of
roisture and the type of surface encountered in & typical

low coal mine. : o .
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Fig. 7. On-the-spol repair of a torn knes pad.
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Fig. 10. BEmergency repalr: & well-worn pad is held
on by what appears to be & single boot izce.
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Fig. 11. Improvisation: The owner of this pad
installed an extra cushion of his own design to reduce
predsure on a bursitis-afflicted knee.
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COMPARISON OF BCDY SIZE OF COAL MINERS

AND USAF FLYING PERSONNEL

As part of a study performed for the U. S. Bureau of Minss
in 1970, Century Research Corporation obtained height and welght
measurements of 126 coal miners who wear knee pads on their job.

Tn the fcollowing graphs, the central fendencies and the dis-
tribution of these height and weight figures are shown, The mean
of pach graph is then compared to the mean height and weight of
USAF flying pérsonnel.l Tne close similarity between the body
size of miners and the military personnel Justifies the use of
the USAF¥ data on knee measurements as applied to the coal miners.

Bedy dimeﬁsions, derived from & large sample of flying
personnel,® are noted below. These apply to thigh and knee only.

In another Alr Force study sizes were asgssigned eight cate-
gories; given here are "small regular" through "medium regular"

to "extra large long."

Dimension Size Category
{(Circumference Smail Medium Extra Large,
in inches) Regular Regular Long

Lower thigh 15.50 16.75 18.25

Knee 14,75 15.50 16.75

(Tower thigh circumference is measured around the thigh

at a level just above the patella.)

1U.S. Air Force, Anthropometry of Flylng Personnel,

1950, WADC Technical Report H2-321, Wright Air De-
velopment Center, September 1954,

2y.8. Adr Force, Anthropometric Data in Three-
Dimensional Form: Development and Fabrication of
USAF Heignt-Weignt Manikins., Technical Documentary
Report No. AMRL-TDR-b3-55, September 1954,

Yo
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Assuming the cross section of the lower thigh and the knee
to be a 550 ellipse (in which the width of the ellipse compares
to 1its length roughly as 4:5) with the narrowest measurements
across the ellivse corresponding to the width of the thigh or

knee, then the widths corresponding to the above circumference

are-
Dimension Size Category
(Width in Small Medium Extra Large,
inches) Regular Regular Long
Tower thigh h.hg - .78 . 5.22
Knee L, 10 h,u8 h,78

A1l of the above measurements were made on the bare leg.
Obviously, lower thigh and knee circumference and width measure-
ments vary with the amount of eclothing worn.

Winter eclothing worn by underground miners, of course variles,
but frequently consists of long underwear plus two pesirs of
trousers. These would measure approximately 0.3" thickness when
lightly compressed. Thus, to the overall width of the knee, this
adds 0.6".

Combining all of the above data, this gives the following

reasonable values for knee width measurements:

"Small Regular": L_10" + 0.60" = 4,70"
"Medium Regular": L, 48" + 0.60" = 5,08"
"Extra Targe, Tong": b 78" + 0.60" = 5.38"

-25-



Since only the lower one-third of the elliptical cross
section of the knee needs to be accommodated by the outer shell,
minimum inside width measurements for the two recommended sizes,

based on the above knee wldth data, are as follows-

W —=

For small and medium size, "w" = 4.6 inches

For large size, "W" = 5.1 inches

With the recommended pad the top is levelled outward so
the leg can slide into the pad with a slight side pressure
thus being exerted in order to make a seal to keep grit out.
The flexible side will give sufficiently to prevent irritating
the side of the knee.  The size of the submitted prototype is

approximately that of existing knee pads.
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MATERIAL SELECTION FOR THE

OUTER SHELL OF THF PROTECTIVE KNEE PAD

Having compared the mecﬁanical properties of about
forty families of plastics as well as their relative costs,
and then having compared them with the elastomers, it became-
evident that the elastomers' mechanical propertles lend
themselves much better to fabrication of an effectiwve,
relatively Inexpensive outer shell for the protective knee
pad.

They provide a much greater range in flexibility from
rigid to resilient, and, unless one considers the relatively
expensive plastics, the elastomers provide greater wear
resistance across the board, especizlly abrasion resistance.

The following tables compare four of the most fezsible
elastomers with each other in the categories thet were Jjudged
Significant in selecting the material for the outer shell of
fhe knee pad.

The choices were made out of fifteen of the most widely
used elastomers. A comparative value has been assignsd to
each elastomer, judging its desiradbility on the basis of &
given primary requirement plus a gilven secondary reguirsment.
The fifteen elastomers were then compared o each cther as to
desirability in each of the categories listing different
primary and secondary requirements. Only the top three con-
tenders were taken out of each comparison end assigned numbers

1, 2 and 3. For example, in Table 1, cost is the primary

~2T=p



concideration, and the elastomers! performance in any of

nine other physical characteristics categories is the secondary
consideration. It can be seen that in the category where

"wear resistance" is the second most important requirement,
synthetic rubber and styrene-butadiene are tied for first
choice; an elastomér not considered for this particular
application is the second best choice; and natural rubber is
the third best choice where minimum cost and ﬁear resistance
are the two most important reguirements.

In Table 2, the same requirements are 1iéted as in
Table 1, but here "wear resistance" is considered to be the
most important requirement. If "impact recistance" is con-
sidered as the second-most important requirement, natural
rubber, synthetic rubber and styrene-butadiene would all be
tied for first choice, and ne;pfene would be the second best
choice.

Tables 3 and U are based on the same principle, listing
"tear resistance" and "impact resistance” as their primary
considerations, respectively.

Explanatory Notes

The following notes provide additional information about
thoge listed requirements that are not completely self-explanatory.
Minimum Cost -

Refers to the cost of the raw material, as compared to

that of other elastome rs; low cost would be on the

order of from 10¢ to 15¢/1b. per truckload,

-28-



Wear

Resistance -
Refers to the type of wear brought about by

abrasion.

T.ow Temperature Resistance -

Heat

Comparative rate &t which loss of flexibility takes
place. Tor the elastome rs mentloned in these tables,
most drastic changes in flexibility occur in the -10°
to -25°F temperature zone. The brittle point, at
which the elastomer shatters on sudden bending or
impact, 1s in the -60° to -80°F temperature zone for
the elagtomers concerned.

Resistance -

0f relatively 1ittle conseguence, since performance
degradatlon for all four of the elastomers concerned

begins only at temperatures above 200°F.

Weather Resistance -

Refers to prolonged exposure to sunlight, ozone,

OXygen.

No entry of 1, 2 or 3 means that the elastomer concerned does

not rate & 1st, 2nd or 3rd cholce out of 15 in the
particular combination of primary and secondary re-

quirements in which the "no entry" occurs.
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COMPARATIVE QUALITIES OF FOUR ELASTOMERS

Table 1

Primary Fector:
Minimum Cost

Elastomer
Secondary Natural Synthetic Neoprene Butadiene-
Factor Rubber Rubber Styrense
(NR) (IR) (CR) (SER)

Wear Resistance 3 1 1
Teér Resistance 2 1 1
Impact Resistance 3 1 i
Water Resistance 3 2

Low Temperature

Resistance 2

0il Resistance 1

Heat Resistance 2 2
Weather Reslistance 3 2 ' 2
Bonding Capability 2 1 1
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COMPARATIVE QUALITIES OF FOUR ELASTOMERS

Table 2

Primary Factor:
Wear Resgistance

Elastomer
Secondary Natural Synthetic Neoprene Butadiene-
Factor Rubber Rubber Styrene
(WR) (TR) {CR) (SBR)
Minimum Cost 2 i i
Tear Resistance 1 1 2 2
Tmpact Resistance 1 1 2 1
Water Reslistance 2 2 2
Low Temperature
Resistance 2

0il Resistance 2
Hezt Resistance 2 2 2 2
Weather Resistance 2 2 1 2
Bonding Capability 1 1 1 1
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COMPARATIVE QUALITIES OF FOUR ELASTOMERS

Table 3

Primary Factor:
Tear Resistance

Bonding Capability

Elastomer
Secondary Natural Synthetic Neoprene Butadiene-
Factor Rubber Rubber Styrene
(7R) (IR) (CR) ( SER)
Minimum Cost 1 3 3
. Wear Resistance 1 2 2 2
Impact Resistance 1 2 2
Water Resistance 1 i 2
Low Temperature
Resistance 1 2
Oil Resistance 3
Heat Resistance 1
Weather Resistance 2 3
1 3 3 3
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COMPARATIVE QUALITIES OF FOUR ETLASTOMERS

Table L

Primary Pactor:

Impact Resistance

Elastomer
Secondary Natural Synthetic Neoprene Butadiens-
Factor Rubber Rubber Styrens
(NR) (IR) (CR) (SER)

Minimum Cost 2 1 1
Wear Resistance 2 2 2
Tear Reslstance 1 2 2
Water Reslistance 2 2 1
Low Temperature

Resistance 2 1
0il Resistance 2
Heat Resistanes 1 1 1
Weather Reslilstance 2 2 2
Bondigy Capability i 1 1
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INTERPRETATICON OF TABULAR DATA

Table 1. With minimum cost the primary factor is material
selection, the order of the most desirable material
selection would be as follows;

1st choice: Styrene-Butadiene (SER)
2nd choice: Synthetic Rubber (IR)
3rd choice: Natural Rubber (WNR)

Table 2. If wear (abrasion) resistance is considered the
primary factor, the results would be simllar to those
of Table 1:

| 1st choice: Styrene-Butadiene (SBR)
2nd choice: Synthetic Rubber (IR)
3rd choice: WNatural Rubber (NR)

Table 3. With tear resistance the primary factor, the
result is:

1st choice+ Natural Rubber (NR)
2nd choice: Synthetic Rubber (IR)
3rd choice: Styrene-Butadiene (SBR)

Teble 4. When impact resistance is considered as the primmry
factor, the best choices 1ine up as follows:

‘1st choice: Natural rubber (NR)
2nd cholce: Styrene-Butadiene (SBR)
3rd choice: Synthetic Rubber (IR)

In the mining application, wear resistance is & primary
yrequirement, followed by tear and impact resistance. Since
Styrene-Butadiene ranks consistently relatively high in these
requirements and comparesgs favorably in price with the other
elestomers concerned, it is a highly desirable material for the

outer shell. - -3h4.



Special Note About Urethane

Since all four tables were compiled with.the cost consideration
as one of the two most important factors, some other highly
qualified materials have been omitted from the tables. Among
these, the urethanes rate the best with regard to mechanical
propertles. Solid polyurethane with a hardness of 70-duramster
rates higher than styrene-butadiene in abrasion resistance,‘and
compares favorably in all the other categories mentioned in the
tables. The inner cushion could be made of the sames raw materlal,
urethane foam, which could be & factor in overall production cost.
The price of the urethanes 1s considerably higher than the other
elastomers, however, in the area of $1.00 to $1.50/1b. per
truckload.
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Performance Specifications
and
Design Justificetlons

Specicl Note: The following sectlon discusses

the develoopment of two preliminary prototypes
which were later superceded and that of a third,
which‘is the prototype submitted. Only one_type
of cushion, the sscond to be developed, is

submitited.
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PERFORMANCE SPECIFICATIONS AND
DESIGN JUSTIFICATIONS FOR
KNEE PROTECTIVE DEVICES
(PROTOTYPES 1, 2. and 3)

PERFORMANCE SPECIFICATIONS

Outer (Protective) Shell

The prototypes descrlbed herewlth all consist ¢f two major
‘components: an outer shell which serves to provide a footing
“Txéﬁﬁ traction and which protects the knee from bruises, cuts and
“ahrasions caused_by contacf with the ground; and an inner cushion,
designed to distribute the load on the knee over &8s larges an ares
as possible under a variety of knee positions, to absorb shocks,
and to reduce friction between the knee and the outer shell.*

An investigation of the environmental cenditions in coal
miﬁes whiéh largely determine the performance specifications
7f0ruthe oupernshell of the knee pad has led to the following
requiremeﬁﬁé‘for matefial'and design of the shell-

Wear résistanééf(ébfésion). Trie materlial shall be highly

resistant to abrasion. The design shall be such as to minimlze
areas of concentrétéd abrasion other than trezds molded into the
sole of the shell to improve traction.

Impact resistance. The material shall be highly resistant

to shattiering, ruptﬁre or deformation due to impact.

*A thorough investigation of the physical properties
of a number of elastomers has led us to the conclu-
"sion that none meet the reguirements for both the
protective shell and the cushion. Therefore. our
development has been along the lines of & pad con-
slsting of the two components made of different
materials.
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Resistance against sharp objects (puncture resistance)., Thne

material shall be resistant to puncture by sharp objects likely
to be found In a mine. such as jagged rocks.

Tear resistance (toughness). The material shall be highly

resistant against tear through shearing aé¢tion once an incision

is made.

Water resistence. The mate ial sﬁall riot absorb water or
be in any way affected by regular immersion in water.

Resistance against chemicels. The material shall not be

adversely affected by calcium. weak sulphuric acid soclutions
or occasionzal contact with hydrauliec filuid and mlneral oil.

Temperature range. The material shall not be significantly

affected by temperatures between -20°F and 160°F,
Weight. The material shall be comparable in weight to the

neoprene compounds found in most currently used knee pads.

The design of the shell must provide protection from the
area immediately above the knee cap down to the uppermost part
of the shin bone. Protection to the sldes of the knee is de-
slirable. but of relatively minor importance.* Bulk of the shell
must be kept to & minimum both in length and width.

The configuration shall be such that adegquate proftection as
mentioned above is afforded while the wearer is in a kneeling
position and & minimum of rubdbing or chafing results when the

wearer is walking. Openings in the shell must be kept to =z

*See "Degign Justifications”
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minimum to avoid collecting grit or mud. Whatever materizl does
enter the shell must be easy tc remove, preferably without the
wearer having to remove the pad.

. The shell bottom or sole ghall be of a gize and shape that
does not impede the wearer's stability while kneeling and while
crawling on uneven surfaces; it shall provide adequate traction
on such surfaces; and it shall have enough ground contact area

to minimize wear.

Tne Tnner Cushion

As mentioned before, the function of the inner cushion is
to distribute the load on the knee to as large an arez as 18
possible, toc absorb shocks, and to reduce frictlion betwesn the knee
and the outer shell. In performing this function, it is desirable
that the cushion keep the knee ag dry &s possible by causing &
minimum amount of sweating, and by forming an effective barrier
egainst outside moisture.

The required physical propertles of the material for the
cushion vary with the configuration of the cushion; for example,
its thickness determines the density or relative hardness of
the material., The thinner the cushion, the more density is
required to prevent the cushion from "bottoming out' under full
load. .

The cushlon may ceonsist of a single type of material through-
out, in which case the materlial must bte non-water absorbent and
highly tear-resistant, or it may be a sponge type core inside a
resilient moisture-proof envelope which protects the core from

gbrasion end the wearer's knee from meoisture.
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Chemicaliresistance requirements for the cushicon materizl
are similar to those for the outer shell material; i.e., the
cushion shall not be adversely affectéd by caleium, weak sulphuric”
acid solutions., or occasional contact with hydraulic fluid and
mineral oil,

As to temperature range, the cushion material shall not be
significantly affected by temperatures between -20°F and 160°F.

The cushion shall be designed to provide comfortable support
to the knee 1n typical kneeling positions, and while crawling,
over extended periods of time. It shall distribute the load on
the knee while the wearer is kneeling or crawling, in such a way
a8 to minimize pressure concentrations on bony protrusions such
as the patellia, the tibiar tuberclie, or the upper portion of the
shin bone. The cushion must not restrict the wearer while
welking, or cause dilscomfort.

It shall cause a minimum of sweating and shall not allow
cutside molsture to reach the knee through its upper surface.

It shall be of_a configuration that discourages entry of foreign
matter sueh as gfit or mud between it and the knee. TRemoval of

such matter should be a simple operation and should not require

"féﬁoval of the knee pad.

The cushion shall be installed inside the outer shell in &
secure manner that keeps it firmly in place while in use, and

that prevents unintentional removal from the shell,

Fastening Device

The device which holds the knee pad in place during use shall

be sturdy but not bulky. It must be simple to fasten, adjust, and
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logosen. It shall hold ths knee pad firmiy in the desired positicn
during use with a minimum of chafing or binding and it shalil czuss

no objecticnable sweazting. It shall not allcow the kneses pad to sag
or cresp up wnile ths wsarer i1s walking.

Fastening straps on most currantly used kneé pads reguirs
frequent repair or replacems=nt. Thz propossd faztening device
ghall be of sufficiently rugzed construction to minimize the nesd
for repairyor replacement., It shall be so designed that if re-
placement is required it can b2 ezsily end quickly done without

the nesd for spncial equipmsnt.
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DESCRIPTIONS AND DESIGN JUSTIFICATIONS

(Ses dimensional sketches)

.‘Prototype No., 1

Proposed shell materisl: Polyurethane, .125" thick,
harness TO-durometer, |

Proposed cushion materizl: Medium toc high density, fine
pore, closed cell polydrethane resilient foam, bonded to the
~ upper structure of the outer shell with dimsthylformamide or

any of five other recgmmended solvents,

© . Prototype No. 1. originated feollowing thé'theory that &
gsemi-rigid support contoured to the knee jJjoint in & flexed
position would provide more evenly distributed support than 7
the traditional flat cushion. The theory further held that with
thlis design, pressures on the knee would remain more or 1less
even during use, regardiess of the unevenness of the surface
knelt on or crawled over, because of the rigidity of the snugly
fitting cup around the knse Joint. 1In the currently used knes
pads, the shell is resilient, allowing an unevennsss on the
surface to be transmitted to the knee through the shell, re-
rﬁsﬁlting in an area df concentrated pressure on certain areas of
'fhe knee, {Ses Fig. 14)

The upper and lower structures of the outer shell form an

integral part. The reason for this configuration 1is twofold:
(1) the contour-molded cup around the knee Jjoint does not have
the‘amount nor the shape of surface requiresd for the bottom of
‘the knee pad; and (2) the present configuration offers significant

shock absorption.
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Fig. 14. Pressure patterns of various knes pads.
{(Top) Diagram of commonly used knee pad (A), being used
on a flat surface (B), and on an uneven surface (C).
(Bottom) Diagram of prototype of proposed knee pad (D),
peing used on a flat surface (E), and on an uneven sur-

face (F).
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Consideration was given to combining the semi-rigid knee
support cup with a flexible lower structure. The advantage of
such a combination would be an even greater shock-absorbing
capability. But discussions with plastics fabricators have
since led us to conclude that the improvement would probably
not be enough teo justify the added cost of manufacture of this
modification.

The bottom surface of the sole was made flat, obviously,
for stability. Overall width was determined by the width of
the knee support cup plus the slde supports joining it to the
iower structure of the shell. The diagonal side portions of
the sole were added for three reasons: (1) to provide some
stability when the wearer is half sitting-half kneeling with
the side of the knee resting on the ground; (2) a 90° edge would
provide an area of greater than average wear; and (3) a 909
angle would concentrate 1loads in a narrow arez, encouraging
crzcks to form along the edge.

The forward section of the bottom is slianted upward for
the same structural and wear reasons as the sloping sides,

From the wearer's point of view, the slant helps when crawling.
A'The knee support cup of prototype No. 1 is .snug fitting.
Molded on one of three sizes of molds depicting a knee in fully
flexed position, it fits the knee with approximately 1/4" of
space all around between it and the knee, which is taken up by
the cushion and the wearer's clothes. The snug fit necessitates
differently shaped cups for the right and the left knee, mirrer

images of each other, like shoes.
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The cushions inside the cups are also asymmetrical mirror
images of one another to fit the contours of the cups.

The snug fit around the knee joint also helps prevent the
entry of grit, mud or other foreign matter between the knee and
the pad.

Perforation of closed-cell feam cushions, or molded pebble
patterns on an impermeable envelope over a sponge cushion, would

minimize sweating.

Prototype No. 2

Proposed Shell Material: Polyurethane¥ .125" thick;
hardness 7O0-durometer,

Preposed Cushion Material: Medium density, fine pore,
closed cell polyurethane resilient foam, bonded to the upper
structure of the outer shell with dimethyiformamide or any of

five other recommended solvents.

The design of protolype No., 2 1s basgically similar to
that of No. 1 with the follow ng changes made for the reasons
given: Dbecause of the significant change in shape which the
knee Joint makes when going from the fully flexed to the semi-
flexed position, a single mold was made to represent the knes
joint in multiple positions between fully flexed and semi-flexed
(et a right angle), similar to a multi-exposure photograph., The
resulting knee support cup was shazllower than WNo. 1, providing
somewhat less protection to the sides of the knee, and requiring
a somewhat thicker cushion. (Results of our survey of miners and
mine inspectors have indicated that injuries or painful blows to

the gsides of the knee are so rare that we consider the side-
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protection feature & rslatively unimportant one.) The pressurs
points were eliminated in all kneeling positions between fully
flexed end semi-flexed. The fit was still snug enough, howevar,
that the requirement for separate right and left knee support
cups remained. A single shape of cushion will canfortably fit
both the left and the right cup.

Before a third prototype of this group was developsd which
wag to have been molded on & composite of both left and right
kneezz in multiple flexed position55 further discussicons with
plastics fabricators pointed up the significantly lower manu-
faecturing cost of & different configuration using & basiczlly thres-
slded rather than four-sided shell., Since & high manufacturing
coet would obviously result in a high marketing price, the rest
of our prototype research has bzzn concentrated on this less cosfy

canfiguration, but incorporating the same basic design principles.

Prototype No. 3

Proposad Shell Material: Polyurethanz, 1.25" thiek;
hardnessg 70»durome£er,

Proposed Cushion Material: Molded, fine pore, clossd

c2ll polyuresthane resilient foam.

Prototype No. 3 congists of an outer shell which 1s & bargs-
shapad structure, open &f the rear, and with the same basic bottom
ghaps as Nos. 1 and 2, for the same reascns. The shell measures
g" long by 5" wide. (See dimensional sketches.)

Being & seml-rigid structure, the shell's profile has besn
kept low so as to prevent chafing égainst'the front part of ths
lower thigh when the wearer is standing br walk%pg@ (See'Fign 13.)
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‘One of the conclusions resuiting from interviews with
fﬁiﬁé”s and mine inspectors was that. there are individual pre-

~_;réﬁces for degrees of softness ai.roverall height of knee

.
v

padS. Another finding was that sqﬁé'usergnpreferred a certain
type of knee pad, the German-made Nierhéﬂé pad, for its
comfortable support, but ended up using another type because

of ‘the tendency of the Nierhaus pad to "roll under" under a

side load. .'/[See Fig. 15.)

For ﬁﬁis reason, three types of cushions were developed
fbr prototype No. 3, each differing in configuration, softness
and height.

The first cushion is shaped 1like a doughnut, measuring 5"
outside diameter, 3" inside diameter and 1" thick., It is to be
molded of high-density, self-skinning polyurethané closed~-cell
foam. VWhen installed, it becames narrower and longer., measuring
L™ outside width, 2" inside width; approxiﬁétely 6" outside
length and 4" inside length. FElastic tension pushes it against
the curved sides of the shell, keeping it in place. When in uss,
’the tibiar tubercle and the lower part of the patellia fit inside
the opening of the doughnut. :

The wearer's weight is borne by the upper part of the sghin
bone iesting on the aft or rear end of the doughnut, the portions
of the knee Joint on either side of the patella, resting on the

sides of the doughnut, and the midsection of the patella w?ich is

supported by the forward section of the doughnut.
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Fig. 15. Effect of side load on high profile knee

pads with flexible shell (A) and with semi-rigid shsll

(B).






The second cushion consists of a cylinder, 17" long, 1-1/2%
in diameter, and made of the same material as the first cushion,
but of a lower densiiy. When installed, it is bent intc a horse-
shoes shape with an outside width of 4", an inside opening 1" wide
and 6-1/2" long, and an overall length of 8",

This cushion supports the bearer's welght along two rectangular
arsas on elther side of the patella and the tibiar tubercle,
removing prassure from the pre-patellar bursa. (See Fig. 16.)

In front, the cushilon curves snugly around the patella, minimizing
openings through which grit or mud can enter between it and the
wearer's knee. (See Fig. 17.)

The cushion 1s held in place by elastic tension and by two
"Jelero" fasteners, bonded to it and to the inside of the outer
ghell., The prototypes submitted were egquipped with this cushion.

The third cushlon that was develcoped for prototype No. 3
was designed for those users whose preference tends towards a
high profile, very soft pad. Tne cushion is molded of soft, low
density foam and measures 3" thick. It is rectangulsr in shape,
approximately 4" wide by 8-1/2" long. An oval shaped hole,
measuring approximately 2" by 3-1/2Y 1s located in the forward
center section of the cushion, The tibiar tubercle and the lowsr
part of fhe patella fit into this opening when the knee is flexed,
and all the lcad is removed from those two areas and distributed
evenly to the surrounding arezs of the knee Jjoint.

Tne cushion may be molded out of a single plece of closed
cell polyurethane low density resilient foam which is perforated

for ventilation, or it may consist of two parts: a fine-pore
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Fig.16 Approximate position of the patella
(A) and the tibiar tubercle (B). Sides
of shell are flared to prevent chatfing
()

. Molded tread design improves trac-
tion (D).
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latex sponge cushion covered on top and on the sides by a neo-
prene or comparable resilient impermeable material approximately
Ofl" thick, with a pebble or other pattern molaed in it to aid~
_,VEntilation.V‘

The single piece cushion would obviously be the least
expensiéé. However, field tests would have to establiéh whether
or not an unprotected low density foam will hold up under the

strenuous conditions to which 1t will be subJected in =z mine.

The Fastening Strap

Material: Neoprene, 0.05" thick;

"elero" fastener with buckle, or
neoprene buttons.

The two major complaints about knee pad fastening strzps
noted by our investigators dﬁring the knee pad user survey wsre
that they broke too easily, chafed the back of ths knee arez,

- caused popliteal cysts, and were generally uncomforiable.
-Furfﬁer investigation showed that the narrow, non-elastic straps
‘mede of leather or cloth were the worst offenders in ceusing
discomfort. Those regularly available straps judged most cam-
fortab1e by users were thin (0.05") rubber or neoprene, just
under an inch wide. But these same straps were rated low in
durability. Also it was noted that "homemade" replacement straps
‘made of old inner tubes were often wider.

A1l of the knee pads observed in use by our investigators
had originally been sold with two straps, one which would go arcund
the leg at the knes and one immadiately below. It was noted that

a numnber of users had elther removed the upper straps from their
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knee pads altogether, or left{ them undone or verywlocsely fastened.
They gave two reasons for doing this: the upper strap irritated
the area behind the knee, especially on the hamstring, when it was
tightened and the wearer was working in a kneeling position or
craﬁiiﬁg; the other reason given was that two straps caused too
much bulk in back of the knee, causing a binding type of dis-
comfort when the knee was flexed.

The material chosen for the prototype fastening strap was
neoprene, because:

1. It has good resillence.

2. It is easily cut to shape.

3. It 1is cheap. (An auto or truck inner
tube can be cut to M2ke replacements.)

The recommended fastener consists of a single strap, con-
toured to pass around the leg below the knee, yet hold the upper
or forward part of the knee pad firmly in place. The extra
width of the strap (approximately 2" wide at its narrowest point)
will help make it more durable than the currently used neoprens
straps. The strap is perforated for ventilatilon.

Strap-to-shell connection is by three neoprene buttons
installed in three holes in one side of the shell.

Fastening and adjusting the knee pad is through & fourth
neoprene button; three button holes ({slit-shaped) in the strap
providé for comfort adjustment. (8ee Fig. 18.)

An alternative method for adjustable fastening is through =a

"Jelero" loop strap-and-buckle arrangement that is quick and eas;
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to adjust, and appears strong and durzble, However, difficulties

- 4n attaching the "Velcro" to the neoprene strap ﬁéke the first-
mentioned fastening method more feasible at present? Tnis fastening
method merits additional study, howsver, because of its infinite

adjustability and gquick attach and detach characteristic.
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Notes on the Subtmitted Prototype







NOTES ON THE SUBMITTED PROCTOTYFE FOR A

PROTECTIVE KNEE DEVICE FOR MINE WORKERS

Tne prototypes submitted embody the design recommen-
dations and the material selection made earlier during thils
study.

The method by which these protolypes were manufactured,
however, is entirely different from the mass production
method for which they were designed, and some significant
differences between the prototype and the production model

must be pointed out.

The Outer Shell

The outer shells of the prototypes have been shapzd
through a process called vacuum forming, wnhich lends
itself to economical molding of simple forms in relatively
small quantities. The process requires a certain amount
of maznual labor which is the main cause for the diminishing
returns. In addition, vacuum formlng is limited to ghapss
c¢f more or less uniform wall thickness., The treads on the
soles of the prototype shells arez hollow for this rezson,
and reinforced areag througn variations in wall thickness
do not appear. Alsc, the treads do not run the full width
of the knee pad bottom on the prototypes as & result of
the vacuum forming process,

Tne production method rscommended for the ocuter shsll,

if quantities of 3,000 or more &are to be produced, is
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injection molding. This process is more highly automated,
and it allows for different wall thicknesses. The tooling
up cost for this process is considerably higher, howéver,
and_Would be about $35OO - $h500 for this particular shape.

i The recommended production configuration of the shell
‘would compare to the prototypes submitted as follows:

Material., Styrene-Butadlene (SBR) or polyurethane,

depending on cost considerations.

Materisl hardness. Same as prototype, 7O0-durometer.

Material finish. Dull black.

Overall size and configuratlon. Same as prototype,

except for treads which will run the full width of the
knee pad bottom,

Wall thickness. 0.125 inches throughout, except for

& double thickness (0.250") bead, .375 inches wide, running
along the entire rim on the outside of the shell. Rim should

be rounded.
Treacds. Same as prototype, except the treads should

- be solid, and the inside bottom of the shell, flat.

The Tnner Cushion

The configuration of the inner cushions of the
prototype knee pads., and their physical characteristics
such as water resistance of the outer skin, flexibility,
and resilience are all as recommended for the production
modeis, except that the diameter of the submitted cushion is

13", whereas the diameter of the recommended production cushion
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15 13". TFor the material, self skinning neoprens or
polyurethane foam is recommended, again dependent on cost.
Tne foam would be a fine pore, open cell type, with a
skin thickness of approximately 3/32%. Tike the prototype,
the skin would not cover the ends of the cushion, allowlng
moisture to enter and to be squeezed out freely.

From the polnt of view of production cost it would.
be significantly more economical to mold the cushion as &
straignt cylinder and bend it intoc shape before installing

it rather than molding it in a horseshoes shape.

The Fastening Strap

Same as prototype; die-cutting rather than molding
would be most economical production method for the strap
1tself.

The rubber grommets used to fasten the strap to the
knee pad are borrowed from an existing, German made knee

pad, the Nierhaus pad, made by Continental Rubber Works.

When designing the mold for productlion of the fastener
buttons, it is sgggested that the design be changed to make
the fastener moré“adaptable for use with & semi-rigid outer

shell., (Ses page B-10, Appendix B).
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APPENDIX A

INTERVIEW GUIDE

Note: The form which is attached heresto

was used as a gulde in interrogation of
men who were experienced in using knee

pads.
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INTERVIEW GUIDE

(Knee Pad Project)

We are doing a study regarding the use and effectiveness ol
pvotectw re knee pads by men in coal mining.  We plan to use the
information for the development of knee pads that provide better
protection and are more comfortable than those now in use. {Qur
company is sponsored Iin this research progrem by the Bureau of
Occupational Safety and Health of the U._ 8. Denariment of Health
Education and Welfare,) ,

I will ask you some questions regarding your work and working
conditions. All of the questions are related to knee protection

and what can be done to Improve it.

s y oy A Y
g iy - - iy

e
¥
e
1

s
v

e
.,
3

s
-
.
¥

+ s

Interviewer's initials Date

Facllity name or number

Interviewee:

o

USEBM employee _Age .- - Hei_ght . R We_ight
Inspector

Other (specify)

How long in Jjob requiring knee padg

VEears
II. Mining Co. enployee Age Height Weight
Job name
How iong in job requiring knee pads
years

( Nems

(Optional)E Address

Phone
Range of height of celling worked under, in inches: to
Average height most frequentiy worked under: inches.
Approximately how many hours a day spent kneeling .
Approximately how many hours a day spent crawling -

i



¥perience impact (blows, etc.) on knees as well? Yes No

B
Type:
Floor surface moist- wmost of time sometimes never

Wet, w/standing water- most of time sometimes nevery
Chemicals on ground: oil ga.s

other ,
Protruding nails, wood splinters, other sharp objects:
freguently rarely

PRESENTLY USED PADS

3
=
0]

Wat'l Mine Svece. Co. (Red) MSA (Judson, black)

Other

Cost: Approx. $

Now have how many palrs?

If more than one palir do you wear them alternately?

Tast apnrox. how long? months

Where bought? Company owned store Tocal eguipment Co.

Other

Weayr them always - mnpst times ravely
If type has two Straps, wear them crossed paralliel

During work, straps have to be adjusted n
. frequently,somnetimes; rarely
while kneeling,.. :
while crawling.
wnile standing....

or walking........

Adjustment of straps is regquired because pads tend to
gag :creep up
while kneeling ..... e saes ;

rotate sideways

[N PR

CTaWwling ... .eeeeeeeaese

SEanding coeeeenceeeean

0T WalKiINng ...ceunwwrerens

l 1
5
M

Straps bind frequently,sometimes
while kneeling .... .

]_.I

e

crawling ...

standing ...

cr walking .... . !




traps chafe

while kneeling .........
crawling ,........
standing ,..eeeeee

or walking ,....c....

Number of layers of

Summer

Winter

Do pads cause sweating? Yes
Does sweat tend to collect In them
or clothes

When working on moist floor,

immer pad

Do they tend to coliect grit?

Treduently sometimes rarsly

do pads absorb moisture? Yes No
Do they tend to slip on wmoist sSurifaces? Yes No

Yes

clothes worn under or over kneepads:

under OVeTY

Mo Somewhat ]
or is it absorbed by

s ——

o

Do they provide adeguate comfort
to underside of knee while working in a kneeling position on

rough, uneven suriace?

Yes

Ho

to sides of knee while working in a kneeling position on

rough, uneven surface?

Yes

No

to underside of knee while crawling on such & surface?Yes No

to sides of knee while crawliing on such a surface? Yes No

Do they provide adequate protection , L ~
from impact with rdugh, uneven floor
to underside of knee? Yes No

Comments:

to s8ideg of

kneen

.

Yes No

agalmSu cuts or punctures from sharp objects or prozfudﬂag

nails while crawling _
bO wnderside of knee? Yes Mo
to g8ides of knee? Yes NG
Comments:
from impact with objects other than floor? Yes No
Comments:

Haeve you ever had
Yes o

g knee injury during the course of your work?

Were you wearing
what type injury?
Puncture

Other

knee pads at the time? Yes No
Fracture Dislocation Laceration

Torn ligame

nt{s)

Severe trauma (blow)

A-3-



Have you ever had knee problems other than traumatic injuries,
such as bursitis ‘arthritis or just plain sore or
stifl knees : ?

Other -
Was this especially bothersome

all the time during work after work ?
Have you "customized" or altered your knee pads? Ves No

If so, how?

if you were to design your own pads from scratch, what improvements
would you design into them, a8 compared To the type you now

uge-

Comfort- Make ingide softer
Make inside more form fitlting
Make cooler to wear
fake drier to wear
Make warmer Lo wear on cold floor
Make attachment less chafing
Make attachment less binding
Make pads stay in place better

Other

Protection: Make outer shell more resistant
against impact
against cuts & punctures
Mzke them longer to protect part of shin
as well
Wrap around more to protect sides of
kniees more

Other




Overall Design Features
Vieke more resistant against abrasion
Tmprove bond betwsen immer cushion and outer shell
Build pads into trouser legs
Mzke them easier to adjust -
Make inner cushion and outer shell to be worn
separately

Other suggestions

Do you think color is of importance, for instance would it
be helpful to have pads made with high-visibility finish?
Yes Bitfe Explain:

Developing & new product costs money. Do you think it is worth
spending some more of your money on knee pads than you
are now, 1f the pads were more comforiable, gave better
protection, and lasted longer than those you now use?

Yes No

I yes., about how much would you be willing to pay for
a pair? §

Reason

CENTURY RESEARCH CORPORATTON., 4113 Lee Highway, Arlington, Va. 22207






APPEVDTIX B

DIMENSIONAL SKETCHES

Note: Sketches of Prototypes 1, 2 and

3, showing top, side and end views of
each prototype are shown on the followling

pages,
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