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The purpose of this work was to develop and field test improved knee
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The purpose of this work was to develop and field test improved knee
protection for underground coal miners working in low seam mines. In a
previous phase of this contract (Sanders, 1982), experimental knee pads
were developed and field tested. ,The field test revealed several design
deficiencies with the knee pads, and suggestions for improving the design
were made. The work summarized in this report, therefore, consists of
modifying the design and method of fabrication of the knee pads originally
described by Sanders (1982), and of fiela testing the improved design.

The new prototype was shorter and wider than the original design, and
used a neoprene pass-through strap design rather than a cloth strap molded
into the pad itself. The new prototype was constructed by slush molding a
hollow bladder that was then filled with foam.

Initial reactions to the pads in the field test were very positive. How­
ever, after two months, the opinions about the new prototype became less
positive. They were judged, generally, to be no better or worse than the
pads usually worn by the field-test participants. Problems were enco~~­
te~e~_in th_e field with respect to durability. Water seeped into the inner
cavity of many of the pads ana causea t:he foam to deteriorate. It was con-­
eluded that it would not be cost-effective or feasible to significantly
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FOP..EWORD

This report was pre1;laI'ed by Essex Corporation, Huma.TlFactors aTld
'I-raining Systems Group, 741 Lakefield Road, SUite B, Westlake Village, CA,
91361, under USR-M Contract number 30387213. The contract \'rcS initiated
under the Coal Mine Health and Safety Program. It was administered u..11.der
the technical direction of the Pittsburgh P..esearch Genter with Mr. Tnomas
Bobick acting as Technical Project Officer. Ms. Gerry Puskar was the
contract administrator for the Bureau of Mines. This report is a summary
of the work recently completed as part of tlo-is contract during the period
1982 to 1986. This report was subnitted by the authors in March 1986.
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1.0 INTRODUCTION

Tne work summarized in this report was performed under Contract
J0387213, awarded by the U. S. Bureau of Mines, Pittsburgh Research Center
to Essex Corporation.

1.1 Purpose

The purpose of this work was to develop aTJd field test improved knee
protection for underground coal miners working in low seam mines. In a
previous phase of this contract (Sanders, 1982), experimental lalee pads
were developed and field tested. The field test revealed several design
deficiencies with the knee pads, and suggestions for improving the design
were made. The work summarized in this report, therefore, consists of
modifying the design aTJd method of fabrication of the lalee pads originally
described by Sanders (1982), and of field testing the improved design.

1.2 Overview

The project was divided into t-vro phases. The first phase consisted of
modifying t.l1e design and method of fabricating the knee pads to overcome
the deficiencies uncovered by Sanders (1982). The second phase was a field
test carried out at four low seam coal mines. The initial problem idc'J.ti­
fication and assessment of the state-of-the-art in knee pad design was
reported by Sanders (1982) and will not be included in this report.

1.3 Orga1'1ization of the Report

The next section of this report (2.0) briefly summarizes the results
aTld recommerldations of the first knee pad study reported by Sanders (1982).
This information sets the stage for the redesign effort reported in Section
3.0. Section 4.0 discusses the results of the field evaluation of the
modified knee pads. The final section (5.0) presents the conclusions of
the study.
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2.0 SULvMARY OF FIEST KNEE PAD STUDY

sanders (1982) designed prototype knee pads with the following muque
design features:

1. "V" shaped foam pads;
2. Durable, hard outer shell;
3. High side walls;
4. Cut-out for accommodating the thigh while in standing posture;
5. Single strap design;
6. Wide, soft strap;
7. Belt buckle single-prong strap attachment; a71.d
8. Air cushion.

The field test of these knee pads revealed problems that caused tbp
test to 'be terminated after only one day. The major problem was that the
inner "V" shaped pad split or separated from the :bard outer shell. In
addition, comments and survey responses from the field-test ParticiPants
identified other needed improvements in the design of the pads. Despite
the problems, however, the participants expressed favorable opinions con­
cerning the "V" shape of the inner pad, the high side walls, and the single
strap construction. The air cushion, however, did not seem to significant­
ly improve the comfort of the pads.

Sanders (1982) recom.lJ1ended the follO\i'ling modifications 'be made to the
prototype pads to improve their acceptability to mine workers:

1 . Increase the inner pad durability.
2. Ma..1{e the pad wider.
3. Shorten the length of the pad.
4. Shape the side walls to slope down in the back.
5. Ma..1{e a wider and deeper cut-out in the front to accommodate the

thigh while walking.
6. Use an elastic or rub'ber strap.
7. Construct the knee pad so .that the strap PaSses through the pad

and can be slipped around or replaced.
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3.0 IMPROVED PROTOTYPE KNEE PADS

Based on the recommendations set forth by Sanders (1982) a?1d presented
in Section 2. a of this report, a new improved prototype design was devel­
oped. As it turned out, how=ver, the major problem in the redesign effort
was increasing the durability of the pad. .

3.1 Increasing Durabili~y

A series of tests were conducted using self-skinni!l.g foam that, as it
cools, forms a hard shell or skin on all outer surfaces. Despite numerous
attellpts, however, all the pads produe.-cd were too hard and provided no
cushioning effect to the wearer. Attempts were made to glue a soft inner
pad to the outer shell, but without success .. Finally, a two-process fabri­
cation proceu.~e was discovered that appeared to yield good results.

The process involved slush-molding a hard shell a?1d then filling the
interior of the shell with soft foam. The slush-molding process yields a
hollow, thin-walled shell. The shell incorporates the outer wall of the
pad aJd t:he inner cushion in a single unit. &1'1 open-cell foam is then
injected into the space created for the inner pad. Figure 3.1 shows a
cut-away view of the prototype with the foam-filled inner cavity. The
advantage of the process is that the knee pad is essentially a single 1.LTlit
rather than al'l outer shell and an inner pad. This makes it more difficult
to split or separate the shell from the pad. In addition, the slush mold
creates a hard, durable, outer surface, while maintaining a soft, pliable
inner surface for the knee to rest upon.

3. 2 Design of the Imnroved Prototype

Figure 3.2 shows the improved kn..-""€ pad al'ld the original prototype
developed by 5al'lders (1982). Table 3.1 presents a comparison of the dime.t."1.­
sions of the "CYiO designs. The following is a list of differences beb;een
the original aTld the improved prototype. The improved prototype:

1. is shorter than the original.
2. is wider than the original.
3. has thinner high side walls.
4. • has a wider cut-out in the front to accommodate the thigh when

stC3J."1.ding .
5. uses a neoprene strap rather thOJ.'J. a nylon strap.
6. has a pass-through strap that slips through and can be replaced

rather than being molded into the pad itself.
7. has side walls that slope down in the back.
8. is constructed as a single molded unit rather than as two pieces.
9. has a more shallow "VI! shaped inner surface.

The improved prototype, therefore, incorporated all the recommenda­
tions suggested by Sa?1ders (1982). Tne improved prototype was less 'b-..l1.k"y,
more durable, and incorporated an improved strap design (neoprene with
pass-through construction) ..
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Figure 3. 1 . Cut-aTfJaY view of prototY];€ knee pad sho1i'iing t.~e

foam-filled inner cavity of t.~e slush mold.
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Figure 3.2. Improved. and origip..al protot-ype knee pads.
The o:rigip..al t-v-as developed by SaDders (1982).
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Table 3.1. Comparison of the Dimensions of the Impro-ved
and Original Prototype Knee Pads

Dimension
Original
Prototype

(Sa11ders, 1982)

Improved
Prototype

Overall outside length (em) 23.0 20.5

front width (em) 11.1 12.5

rear width (em) 10.1 12.5

height (em) 11.3 10.7

Inside length (em) 22.5 20.0

front width (em) 9.5 11.5

rear width (em) 8.5 11.0

rvr.inimum pad thickness (em) 2.2 2.5

Maximum pad thickness (em) 4.8 4.3

side wall thickness (em) 0.8 0.4

weight (kg) 0.55 0.51
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4.0 FIELD TEST

The knee pads were distritruted to 51 workers at four underground low
seam coal mines. Seam height was between 30 and 42 inches. The partici­
paT1ts completed two questioI1.Tlaires. The first questionnaire was completed
after using the prototype knee pads for one to two shifts. The second
questionnaire was completed after wearing the knee pads for 2 months. Both
questionnaires contained a 5-point rating scale on a number of dime..71Sions
with which the respondent compared the prototype knee pads with the pads he
or she normally wore.

4 . 1 De.'1loaraphics

Table 4. 1 presents the basic demographic information on the sample of
workers participating in the field test. Figure 4.1 shows the distribu­
tions of their experience u..rldergrou..i"ld, at their mine, 8.lld in their job
title. All types of jobs were represented in the sample, including general
laborers, equipment operators, maintenaT1ce workers, and supervisors.

4. 2 Crawling and Knee Pad LT1formation

Figure 4.2 presents the distribution of respop.dents by number of hours
per day they spent crawling. Almost 60% of the participaTlts spend 5 or
more hours crawling during the day. The types of conditions encountered
while crawling- are listed in Table 4. 2, along with the percentage of re­
spondents indicating each. The major environmental conditions impacting on
.kn.-o.e pad usage were the presence of mud, water, aTld sharp rocks.

OVer half the participants (51. 2%) normally used National Mine Service
(NMS) foam rubber knee pads. These knee pads are constructed as a single
piece of foam rubber ai"ld use two leather straps. Thirty--five percent (35%)
normally wore Rockmaster knee pads. Rockmaster pads consist of a ha...rd
rubber shell and a thin flat layer of sponge rubber; two fabric straps
secure the pad to the knee. Figure 4.3 sbaoi'S the prototype knee pad, along
with a National Mine Service ai"ld a Rockmaster pad. Overall, the sizes are
similar, trut the prototype has a thicker cushion pad ai"ld higher side walls
tm"1 the other two models.

4.3 Prototype Evaluation Ratings

Table 4.3 presents the rating scale and the mean ratings for each of
the dimensions on both the first and second questionnaires. The means were
tested to determine if they differed significantly (p<. 05) from a rating of
3.0 (both usual and prototype about the same). In addition, statistical
tests were performed comparing the means from the first questionnaire to
those of the second questionnaire.

Several general conclusions Ga."'l be gleaned from Table 4.3.

1. Tne initial response (first questionnaire) showed an overwhelm­
ingly favorable evaluation of t.'"le prototype knee pads. On all but
three dimensions, the prototype was rated better tha..Tl the usual
pads.
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Table 4.1. Basic DemograIh~ic Data on Field Test ParticipaT1ts

Variable

Age (yrs)

Weight (100)

Height (in.)

Mean

31.6

174.4

70.0

14

Std. ne-Il.

8.12

31.24

3.02

Min.

21

127

65

Max.

61

265

76
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60 r------:------------- ---,

50

40

30

20

10

<1 3-5 5-10 >10

Years of Experience

_ Underground ~ On Job

Figure 4.1. DistribT.ltion of experience u..T1dergrou..71d, at mine,
a71d in job for field-test participants.
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Figure 4.2. Time spent crawling in w..e mine per day.
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Table 4.2. Conditions EncQU.1'1tered While Crawling

Mud 74.5%

Sha.'l"'P Rocks 56.9

StaTJding water 41.2

Hydraulic Fluid 31.4

Oil 11.8
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Figure 4.3. Comparison of the proto<..ype with the b';o t:.vpes of knee
pads usually WOE~ by the field-test participants.
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Table 4.3. MeaD P.atings for 1st and 2nd Questionnaires Comparing Proto~€

to Their Usual Knee Pads

Compared to the knee pads you usually wear, how w:>uld you rate the !1e,'l pro­
totype pads on each of the following dimensions. {Use the following scale
a1'1d write the appropriate number beside each item.}

[

My usual pads arel
Much Some-...mat

Better Better r
The prototype pads arel
Somewhat Much
Better Better

1 2

Usual and Prototype

About the Same

3 4 5

QuestiorL1'1aire

1st 2nd

a. Comfort of the straps

b. Adjustability of the straps

c. ~verall fit of the pads

d. Protection against sharp objects

e. Prevention of grit and rubble from entering the pad

f. Prevention of rolling off the pads

g. Prevention of slipping on the floor

h. Prevention of knee movement inside the pad

i. Prevention of sweating

j . Comfort while sitting on your knees

k. Comfort while crawling

1. Comfort while duck-walking

m. Comfort while walking upright

n. Overall comfort

o. Ease of adjusting the straps while w:>rking

p. Ease of putting on a1'1d taking off the pads

q. Softness of the pad

r. Durability of the outer surface

s. Durability of the straps

t. Physical appea-rance

u. Overall evaluation

*SignificaDtly different (p<.05) from a rating of 3.0.

3.30 2.98

3.37* 2.86

3.65* 0 2.77

3.80* 3.44

3.74* 0 2.79

3.50* 2.63

3.94* 3.40

3.41* 0 2.67

3.44* 3.09

3.91* 3.40

4.00* 0 2.98

3.38* 3.07

3.53* 0 3.02

3.98* 0 2.86

3.67* 0 3.07

3.87* 3.63*

4.13* 3.88*

3.76* 3.35

3.14 0 2.19*

3.39 3.05

3.65* 0 2.77

oSignificant difference (p<.05) betweo~ 1st aDd 2nd questionnaires
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2. By the second qtLpstionnaire (approximately 2 months later),
opinions about the prototype had become less positive. On all
dimensions, the meaTl ratings for the second questionnaire were
lower thaTl those on the first. Nine of these differe..Tlces reached
statistical significance.

3. At the time of the second questionnaire, the prototype knee pads
were judged, generally, to be no better or worse thaTl the pads
usually worn. Of the 21 dimensions, only three meaTlS were signi­
ficaTltly different thaTl a rating of 3.0; and on two of tlo..em, t.i1e
prototype was rated higher ("ease of putting on and ta1d.ng off the
pads," and "softness of the padt!) .

P..s further evidence of the basic equivalence of the prototype and
usual pads, the overall e-valuation item on the second questionnaire re­
vealed that 32.6% rated the prototype better than the usual pad, 25.6% said
both were about the same, and 41.9% rated the usual pad better than the
prototype.

In an effort to explore the results further, the ratings on the second
q-u.estionnaire were correlated to the number of hours per day the respondent
spent crawling. Of the 21 dimensions, only 3 were significaTltly correlated
(p<.05) with time spent crawling. The more time the person spent crawling,
the lower the ratings tended to be for: Comfort while duck-walking (r =
-0.365); Softness of pad (r = -0.356); and Durability of the outer surface
(r = -0.499) . In addition, mean ratings were cOmPared between those ~lho

usually wore National Mine Service pads and those that usually wore Rock­
master pads. The analyses showed no differences betW'e"'--n the groups in
terms of how the prototypes were evaluated.

4.4 Durability

Despite all the effort put into maTIUfacturing a durable knee pad,
problems still occurred in the field test. The major problem was with the
hole used to fill the inner cavity of the pad with fClatil. On many of the
pads, the sealaTlt used to plug the hole cracked from the stress of con­
tinual use. This permitted water to enter the foam-filled cavity and to be
absorbed by the foam. With continual use, the foam disintegrated u71.der the
knee. Fig-ure 4.4 shows a photograph of a disintegrated inner foa'!!l pad.
The top surface of the pad has been cut. and peeled back to re-veal the foa'!!l
u.nderneath. The description given by Jrl.any of the participants W"'...s that the
pad would "go fIatt! like a tire, and thus would provide little or no pad­
ding or protection.

In a couple of isolated cases, the outer shell actually split or tore;
and in a few cases, the straps ripped at the belt holes. For the most
part, h0W2ver, the outer shell held up quite well during the test. The
bottom treads showed virtually no sign of wear over the 2-month period.

4.5 Additional Comments

Written comments indicated that the participants especially liked the
softness of the pad (until it we..Tlt flat). The single strap concept, h0w­
ever, W"'-s not well received. The most frequent suggestion for improvement
was to add a second strap to help stabilize the pad on the knee.
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Figure 4.4. Picture of th-e inside of a k1:i-ee pad used in the
field test. Sherrill is th-e deterioration of the
i!"l.ner foa'11 pad under the knee.
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5.0 CONCLUSIONS

Despite all the efforts to develop a more comfortable knee pad for
underground low seam miners, we must conclude that little or no improvement
was attained.. The foam a'l'ld polyvinyl construction used for the protot-ype
did not withstaTld the punishment and. environment encountered in low seam
mining.

AIthough low seam miners deserve more comfortable knee pads thaTl
currently available, it does not appear to be cost effective or feasible to
significantly imprCTl1e upon the current designs.
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