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ABSTRACT 

The first generation of what y.ay :>%. oor.sidare.i ^ rev :::o^pi in 
lightweight insulated military footwear in a pull-on tyyfe cons; met icn 
was produced by integrally casting and expanding liquid pclyurethanü »yptaT.s, 

The footwear developed meets the original requirements establisha"' 
under this program to develop a lightweight i-n permeable boot with 
incuiation sufficient to provide protect ion for 2  hours inactivity at 
-20JF.  The avaraga weight of a size 10 boot: is 24 ounces, as compared 
with 44 ounces for the standard (Black) insulated Cold-Wet Boot. lbs 
water absorption of the new footwear is less than 5  percent by •/■eight. 

The ir.sulative properties cf the lightweight integrally ocst Poly- 
urethane footwear when new are equal to or better than the standard insulate 
cold-wat boo*; there -Is r..o significant change in insulative properties 
aft:*sr wear. 

The developed laboratory procedures were used to design and put into 
operation a pilot plant facility.  Initial production of footwear indicates 
that the ear nomics and processes involved may b^  satisfactory for the final 
commercialiKation of this new concept of lightweight insulated footwear. 

^X\l 
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FINAL SEraLOnOMT OF LXGWrwAEClRT 
(OOLP-WK) INSCUIKD FOOTW1AR 

w 

V 

1. Introduction 

Previously completed, materials research studies, processing techniques 
and fabrication of a limited number of experimental lightweight insulated 
footwear exceeded initially established goals and iniicated that it is 
possible to provide significantly lighter weight ineulated boots without 
decreasing the effectiveness of the insulation value over that of the 
current standard black insulated U. S. Army boot which was designed for 
cold-wet wear. 

The standard black cold-wet insulated footwear weighs approximately 
hO-hh ounces per boot* In reference to energy consumption of the combat 
soldier, studies indicate that one ounce of weight carried on the foot is 
equivalent to 6 ounces carried on the back of the combat soldier (two i|0~ 
ounce boots are equivalent to 30 pounds). 

The data previously developed both in-house  and uncer contract, ' 
which included the development of formulations, processing techniques, mold 
design, footwear design, actual production of prototype footwear including 
materials evaluation,and laboratory and limited field evaluation of experi- 
mental boots, were used as the initial starting point for the continuation 
of the development of the required lightweight insulated footwear. The 
work covered in this report was based upon the conclusions reached and 
the trends established by the previous work and continued from that point. 

2. Development of Current Standard Insulated Footwear 

The princi le of the current standard insulated boot was conceived during 
World War II. The resultant development of design and fabrication methods 
saw the production of insulated footwear for use in the Korean War. Fcr the 
first time, a soldier's feet were protected from cold injuries under cold-wet 
conditions. (*0 

The results of continual modifications and improvements in materials, 
design and fabrication tec- niquas since the Korean War are evidenced in the 
development of specification requirements (5) for an insulated boot for cold** 
wet use. This boot was designed to protect feet fro:; cold injury and frost- 
bite in areas where moisture and cold are critical factors,  where the mean 
monthly temperature ranges between 11|°F and 68°F and where temperatures do 
not fall below -20°F, 

The physical properties and the thermal adequacy of the black standard 
insulated boot for cold-wet use (service down to -20°p) have been validated 
by actual field experience. These properties were achieved at the expense 
of bulk and weight - each boot weighs UO-UU ounces. 
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d. Improve traction of the outsole. 
e. Keep at a minimum the compression set of low density materials. 
f i Develop the optimum overall fit that can be achieved with the 

pull-on type ooncept. 
g. Reduce slippage at the heel and improve donning and doffing 

characteristics. 
h. Finali' a processing and fabrication techniques, 
i. Develop production procedures, 
j. Improve appearance. 

I4. Materials and Design Studies 

Polyurethane compounds for use in producing the various components of 
lightweight insulated footwear (outerskin, upper insulation, outsole) were 
developed (see Appendix A for formulation and test data that exhibit the 
best average properties achieved for each boot component, except the sock- 
lining). A last and a mold were also designed that should provide a good 
fitting boot in a pull-on type construction. (») 

a. Materials Studies 

Studies using various combinations of polyureth&ne prepolymers,ex- 
panding and curing agents, and plasticizers have resulted in achieving 
compound properties as follows t 

(1) Sprayed Outer Skin 

Compounding studies resulted in the development of a low modulus 
Polyurethane skin compound that will allow some stretch in the finished 
boot when it is donnea and doffed at service temperatures down to -20°?. 
The compound possesses good tear and tensile properties that should result 
in a durable puncture resistant skin. 

(2) upper Insulation 

AU of the selected desirable compounds obtained from the evalua- 
tion of the outer skin formulations served as a starting point for the prep- 
aration of an adequato foam insulation compound. Compounding studies 
resulted in the development of an insulating material (approximately 13 lb/ft'' 
containing approximately 90$ closed cells that should provide the required 
overall physical characteristics including low temperature properties. 
Control of cell size and compound shrinkage was achieved. 



(.3)   CKteol« 

!Gi3 pclyureti,ar.e e-tsol* compound previuusiiy developed *:,s*a Jto?tfHy" 
lane chloride as the ^depending agon;1;.   The cutscle prc-daced p?vwid«.C tar.*- ... 
abrasion resistance; however$ tha sola was rcnsidered to b* stiff &r.d **.. __■ 
t&mperaturos the traction was r.ot considered adequate.   During Lt.* ■At?-; is 
;^rapo^udix?.g studies.., nitrogen was substituted for methylan« chlorite a*   •.--,.••■ 
blowing agent.   Kf trogen was seieoted since it allows ... g;r*&.tar f: ■„_..- 
in the us* of plasti -isera thereby producing a mor* resilient ov-,r •;■■.•: ..,    T- 
h.-.s the fS'-rsatility of producing a closed cell stnistvr© at Lower der. si v. ss 
:■« fitting in the formation of a stricture containing a greater timber :f 
•'l::--?d «ella over that :f ctisr tiowi-sg agents.    P.. lew racdulr:,«. raws --rl. 
compound with * density of 2?-28 lbs/ft^ was ds^lepsd.   An oateel* pr .ä.^ü 
from this compound bad improved low ianperature properties and enould provide, 
better traottds but ••d.th reduced abrasion resistance.   Actual wear- tests were 
: y.<fc.ctftä 02. outacia produ-ed from this compound. 

£■•*)   frits3la ftfear Tes^ 

Siz.33 wear characteristics of ths oxtsola and abrasion raaistar. ;<-, £..: 
;..sidered to be one of the more critical properties contributing to the over-* 

ill durability of the finished boots, actual wear tests were conducted prior 
to initiating design studies and fabrications of prototype boots. 

Three typ*« of boots were wear tested in order to determine whether 
the n&w*y develop*^ lew modulus nitrogen expanded compound will hs aeeep*-ab*?. 
These toots are identified as follows; 

(a) Th* standard black (cold-wet) insulated boots weighing apF-r^Xijaateiy 
ü8 onr.-.'i^s ea.ih us*d as the control itan. 

(b) An existing previously developed integrally oast polyurethaae black 
lightweight insulated right foot prototype with the methylena   hloride jx 
paxided solid outarskin sole with a chevron design, designated as boot IC-31.? 
weighing l8.2 r'jnoes.    (Appendix B). 

{.;}   An expert»««-lal light-colored toct [left boot) with tii# newly der-i- 
ccaa 2--»w modulus zitrogen expanded outsole with, tezg dasigr..* 

A 200-mile actual wear test was conducted -on all of the boots.    Ths wj«t 
sub Jtv t wore the pair' of standard insulated boots over a wear course consiat 
ing of 90% macadam pavemert and *\Q% concrete pavement for 100 rail^s and then 
repeated the wear teat, using as a pair of boots the previously developed 
IC-31'2 right foot prototype and the experimental left boot with the new out- 
e.-l*..    The whole pr*oedare was repeated for the second hundred miles.   At tne 
•• ■•rr.gf.l-»tioc cf tfea 200 mile wear test* the boots wore lispelt-d vlsua-lly .?•<.? 
•L* e>ft*rts   -f wear as shown in Pigtira 1 and the per-ent rf weir v-s deter- 
m'r»ci ,*.:' Tavit 1 „ 

* .'■"•.*•:    r-,- i.xpe.r.me.;-'--^ lighr»;olored Vrot (left,' was produced o:a the 'jam^ 
pi?    •■• •■*. "7!,.t.1 irvlis that wers tsed t." produce th.^ pr^vlons prototype (1^.-312) 
sc* *(•*. -.' .    tt? vV,t*t»V« vas cast ts.i.ng th^ row natrogen expanded - wp-i-und. 
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Heel Wear on Standard 
Cold-Wet Boots Sole Wear on Standard 

Cold-Wet Boots 

Heel Wear on 
Experimental Boots 

Sole Wear on 
Experimental Boots 

FIGURE 1-200 MILE WEAR TEST CHARACTERISTICS 
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Figures 1A and IB show the affects of 200 miles wear on the back of the 
heels and on the outsole of th.i standard cold-wet insulated boots. Figures 
1C and U> show that the black IC-312 boot with the methylene chloride ex- 
panded outsole exhibits better wear characteristics at both the heel and 
sole areas than the light colored nitrogen expanded new outsole. However, 
both lightweight outsoles exhibit better wear characteristics than the out- 
sole on the standard cold-wet insulated boot.  Based upon the results of 
the wear test, it is anticipated that the newly developed nitrogen expanded 
low modulus, more resilient outsole should provide adequate wear characteris- 
tics at the required service temperatures, and should increase traction over 
that of the methylene chloride outsole, but with some reduction in abrasion 
resistance. 

Wear tests were conducted on the outsoles because there are no standard 
laboratory abrasion test methods that will provide an indication of the 
wearing qualities of an expanded compound in actual use. Wear tests will 
continue to be required until some type of comparative abrasion test can 
be developed for cellular footwear.  It should be noted that any time the 
standard (cold-wet) insulated boot is used as a control or physical data 
is obtained on the standard boot, this data is being used only as a guide 
in the development of the new lightweight insulated footwear. 

TABLE I 

200 MILE WEAR TEST 

Percent Wear* 

Standard Boots Lightweight Boots 

Area 

Ball 

heel 

Outer Edge of Heel 

*i'>med on measurements of heal and of cleat height in the ball of the foot 
area, before and after wear. 

Experimental IC-312 

Left Right Left Right 

15 15 25 10 

30 30 20 7 

60 60 25 10 

J 
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b. Design Consideration 

Since the newly developed formulations for use as upper Insulation 
and outer akin compounds would hare some elaatio stretch, it was planned to 
design a last and mold that would provide a fairly tight fit in the boot 
opening above the ankle area; the object being to reduoe to a minimum any 
possible slippage that may occur at the heel while walking, without signifi- 
cantly affecting don and doff capabilities of a boot produced in a pull-on 
type construction. The thicknesses necessary to provide the required insula- 
tion in the various critical areas of the boot had to be determined. In 
addition, the optimum traction that would be obtained in the outsole had to 
be achieved. 

(1) Closure Design Study 

Prior to continuing the design studies related to a pull-on type con- 
struction, a review of closure design studies was conducted. During the engineer- 
ing design phase of the lightweight footwear previously collated., prototypes 
were constructed by conventional methods in order to evaluate various types of 
closures along with the basic pull-on type concept. The closure design studies 
were necessarily guided by the major objectives of lightweight, low water absorp- 
tion, and adequate thermal Insulation. 

Slide fastener closures on the back and side of the boot, snap steel 
closures and an adjustable buckle and strap attached to the top portion of the 
boot were evaluated. The closures were designed in an attempt to anchor the 
boot firmly enough to the foot so that all possibilities of slippage and shuck- 
ing at the heel would be eliminated for foot comfort while walking, and to 
provide ample room in the leg-ankle area for ease of donning and doffing. 

Figure 2 shows a conventionally hand-assembled boot insulated with poly 
urethane foam, with a fold-over snap-steel type closure fabricated on the side 
of the boot. The steel closure was equ-FPSd with a swivel on the bottom which 
allowed the closure to open while donning the boot and to then snap close by 
itself. 

The fold-over area required to form the pocket of the snap-steel closur• 
was insuL ted. The concept was that the snap-steel closure would be kept cloje~ 
through the action of the trouser leg drawstring when the trouser legs were 
pulled down over the boot. 

Supper closures in various areas of the boot such as the back or over 
the ankle were considered. Figure 3 shows a prototype boot constructed by 
conventional methods with a zipper closure. The boot materials were not flex- 
ible enough to allow adequate take-up when the zipper was pulled closed. Com- 
plex fabrication techniques were required to insure reliability of insulation 
properties. 

j 
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FIGUilE 2 - CCUVi^TiuiiALLY AS3EIJ3LBD BUOT WITH FOLDOVKR SNAP STtEL CIOSURE 

J 



FIGURE 3 - CONVENTIONALLY ASSEMBLED BOOT WITH ZIPPER CLOSURE 

I 
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Although t'?.e ina'slatica values obtained with this footwear war? ade^ate, 
the additional weight requlrsd to produce a reliable insulated closure »as 
on3iderad excessive, and boots produced with closures of this type would 
require complex fabrication techniques. Therefore^ it was determined to 
Td-zais; with the b&3ic pull-on type construction without built-in closures, 

(2) Determination of Insulation Thickness 

The insulation provided by the standard cold-wet insulated boo". In the 
critical areas of the toe and heel may be considered marginal, and the srlnimun 
that can be tolerated. Therefore, the new prototypes to be developed w511 be 
designed to provide an increase in insulation over that of the current standard 
boot. This additional insulation may also be rsq-iLred to compensate for any 
wear and compression set that may take place at the flex points of any new pro- 
totypes produced. 

In order to provide guide-lines in determining prcper insulation thick- 
nesses, sectional insulating values were measured on th* copper foot calorimeter 
(7) for the standard boot, and for the previously wear tested boot IC~3"i2, when 
new and after the first 100 miles wear test. Based upon the data obtained, a 
rigid polyurethane mold was fabricated. This mold wa3 used to cor.3trj.ct a crude 
prototype boot (XP-1) with overall increased insulation thicknesses. Significant 
increases in thickness were made in the toe, ankle and heel area. The outsole 
of this crude prototype was makeshift and applied to the upper by hand in order 
to have a complete boot for obtaining sectional insulating values on the copper 
foot calorimeter. Although the crude prototype was not representative of the 
final formulations and the processing techniques used, it was produced to pro- 
vide some comparison of the sectional insulating values obtained to other boots 
whose insulation thicknesses and overall insulation values were known (such as 
boot IC-312) prior to constructing an aluminum mold. Table H presents the 
sectional copper foot data on all three boot3 and the sectional thicknesses on 
boot IC-312 and XP-1. The shape and location of the test zones on the sectional 
foot calorimeter are shown in Figure h. 

Further evaluation of the data presented in Table II indicated that the 
ankle, foresole and sole sections (6-18P 11-23, 12-2U) of Boot IC-312 were sig- 
nificantly lower than the standard boot and that an increase in insulation thick- 
ness was required. After 100 miles of wear, Boot IC-312 showed a change in 
insulating values in the three sections marked with an asterisk (the tongue and 
inner and outer instep). The valuas differ by more than 10 percent from the 
original. A ten percent change in insulating properties as determined by the 
copper foot evaluation my bo considered significant. The tongue area (section 
7-1?) showed a loss in insulating values while the innar and outer instep (sec- 
tions 3-20, 9-2l) exhibited an increase in insulating values. 

A visual inspection of the tongue area (section 7-1?) of tha wear tested 
bx-t showed that this area exhibited parallel radiating lines along th^ flex areas 
arh a slight -iomprössion set which may account for the loss in insulatinn. Although 
r.-?l3 loss in insulation may be considered significant, it is not considered critical 
ainc» tbe insulation value remains higher than was obtained on the standard Uh-oz. 
b'-ot. Eowew3  it doe3 indicate that, during the life of this type of insulated 
footwear:» compression 3et may become a factor. 

10 



r 

a 

s 
H 
i 

N   P 
O   O 

C\J &^£ 

8 cd 
cu H a> 

i a» ü> 
o p a> 
M <H H 5g 

at 
(M   N ri. ° CO 

I   C\J 
o   • 
H 00 

H 

P 
O 

T>   ONO 

(0 I 
"U P VO   to 
a d) 
cd s w 
p  i p 
CO  -O    I 

o 

c 
P o 
O -H 
O P 

PH  O 
0! 

CO 

ä* 
C\J 

ON 
O CO 

r-<      • 
O   H 

•  ON 

H    • 
O H 

3*: 
ü H 

a) 
U 

s 3 
0J 

fc   £   8N 
CJ        CM 00 

in o 
o 
IPl 

o 
o 
ir> 

CO 
CfN 

OJ 
NO 

ON 
NO 

O 
NO 

O 
ON 

-3 
00 

£ 

CO 

CO 

ON 
o 

O       m 
C-        CO 

8 
oo 

o 
ITS 
H vo 

fr- 
CM U"N 8, H 

O 
9 

OJ 

oo 

ft 
o 

EH 

H 

oo 

w 

•H 

u 
<i 

H 
I 

-4- 

H 
0) 
0) 

H 
I 

LTN 

a 
U"N 

■ 
on 

LTN 

r-i CO 

t> 
O! 

OJ 

CO 

O 
LA 

f 
on 

Q O O 
O LTN IT\ 
O t> C- 
H 

* 
ON 
CO • 
CO 

8 
00 

8   8   8 
oo     oo 

VO 
oo 

oo 

•H O 

Pi ft 
<D <U 
P P 
o  . W 
C C 

0) 
3 
bO s 
o 
H 

ON O H 
H 0J OO 

I i I 
f- CO ON 

CO 

00 

co 
OJ 

o 
o 
o 
H 

ON 

O 

0J 

o 
o 
LTN 

o 
o 
LTN 

ON 

on 
CO 

OJ 

O 
O 
»- 

o 
o 
UN 

o o 
LTN 

o 
c- 

oo 

(O 

oo 

ft 
cd 
a 

<u 
o 

oo 

H 
o 
ta 
<D 
fn 
O 
(^ 
00 
OJ 

(1) 
H 
o 
w 
J- 
OJ 

Cvi 
H 

u 
•r-D o 

3 >> 
W    P 

•H 

Ö -H 
•H   S 

W   . t 
C 

SP Ö 
a) 

•H 
p r>H 
PQ 
•H  O 
W   t- 

cd  <i-i 
o 

S 
O 
o 

C 
•H 

cd T) 
M -H 
a) CO 
ft O 
a o 
p 

cd 
P 
Ö 

•H 

>>P 
^   <H 

w O 
w oo 
d) 
O  P 

fi 
4) 

w 
■H 

•H      • 
a o 

o 
•H 
P 
cd 

0) 
Ü 
Ö 
UJ 

cu 
a <*H 

w 
a 

•H 

<p 
o 
p 
a 

| 
cd 

•H 

a 
o 
o 
(I 

TJ <u 
p 
cd 
H 
•H 
-.3 
ß 
CD 

p 
ti 
<D 
O 

ft 
o 
LTN 

0 
cd 

r"    W 
(.0 

Cd    03 

11 



r 

ft* 

FIGURE U- COPPER FOOT TEST ZONES (SCALE 1:2-1/2) 
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A visual Inspection of the inner and outer instep (.-sections 8-20, 9-21) 
located immediately below the tongue area indicated that a slight delamina- 
tion of the akin from the insulating foam had taken place, possibly resulting 
in some trapped air between the skin and the insulating material, which may 
possibly account for the insulation gain in these sections. 

The copper foot calorimeter data obtained on boot XP-1 is significantly 
superior to both the standard cold-wet boot and to Boot IC-J12 except in the 
sole and foresole areas. As previously discussed, there was no effort made 
to increase outsole insulation in the experimental boot (XP-1) and a make- 
shift outsole was applied in order to have a complete boot for test. The 
primary purpose was to determine the clo values in the critical areas in to: 
upper sections of the boot. The insulation values for sections (8-20^9*'*-«) 
match the highest values for the sections ever recorded on the sectional foot 
calorimeter. 

Based upon the increase in thickness that was required to achieve the 
superior insulation properties, certain critical factors ha^e to be taken 
into consideration: the effect of increased thickness of insulation on 
(1) low temperature flexibilityj (2) compression set; and (3) flex character 
istics when related to flex cracking in the upper section specifically acroo; 
the toe, above the heel in the back of the boot, and in the ankle area. Tak- 
ing into consideration these critical factors, it was determined that in order 
to meet all of the objectives of the fudsued boot,, the insulation thickness 
must be reduced over that of the thicknasses encountered in the crude experi- 
mental boot (XP-1). It was believed tiu«+ some reduction in insulation thick - 
ness would not substantially affect overall insulation properties and that 
adequate insulation would be retained. 

Analysis of the insulation thicknesses in relation to clo values obtained 
in Table n on the three boots, led to the selection of the proposed thick- 
nesses shown in Figure 5> for the various areas of the boot. These selected 
thicknesses were to be used in producing the first prototype. 

(3) Outsole Traction 

In an effort to increase traction characteristics of the newly 'lev« 
oped low modulus nitrogen expanded outsole, development and review of vare- 
traction patterns were undertaken. Indications were that a Lug type tractio 
pattern, Figure 5» had the potential of increasing the overall traction of t 
outsole over that of the chevron design previously used. Ecvever, it was not 
known what effect on wear, if any, would take place, Bince at this time there 
was no way to determine the wear characteristics of this Lug traction pattern 
with the specific outsole material. 

(U) Fit Studies 

Fit studies using the crude experimental prototype (XP-1) indicated 
that the new ankle design was too tight and would have to be modified prior 
to producing the aluminum molds. However, the fit in the toe area and across 
the ball of the foot was considered good. 

13 
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INSULATION   THICKNESS 
(NO SKIN) 

700 
500 

Dimensions   /n    Afits. 

FIGURE 5 - IHSUUlxON THICKNESS (NO SKIN) 
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(5) Fabrication of Molds 

A pair of size 1QR lasts and molds \nre constructed from cast aluminum 
embodying all of the design considerations, including pull-on type construction 
increased insulation as shown in Figure St with the Lug type pattern in the 
outsole for increased traction (Figure 6) and a modified ankle design to keep 
slippage at the minimum. The mold sections were coated with teflon to elimla^-J 
the use of release agents prior to each injection of compound into the mold. 

(6) Fabrication and Evaluation of Prototype Footwear 

The first pair of prototype footwear in size 10R (designated 3001A & A1 
weighing approximately 20 ounces per boot was produced by the integral can.•'.?./. 
technique embodying all of the optimum characteristics developed under the com- 
pleted materials and design studies. The pull-on style boot produced was approxl 
mately 10.75 inches high and the insulation thicknesses are as shown in Figure $. 
The inner lining oi- sock-lining of the footwear was a 0.010 inch thick film of 
Polyurethane for providing the required slip for donning and doffing. To pro- 
vide a durable abrasion-resistant exterior the footwear had a sprayed-on black 
outside solid skin (averapn thickness 0.020 inches) of polyether-type polyvre- 
thane. 

The external dimensions of this boot in size 10 were determined and 
compared to the standard (black) size 10 Cold-Wet Insulated Boot. The results 
(Table Hi) indicated that the difference in dimensions between the two boots 
was minimal. 

TABLE ni 

External Dimensions of the Standard Cold-Wet Insulated Boot and Prototype Boot 
R-3001 -A3. 

Std Cold-Wet   Proto R-3001-Al 
(inches) (inches) 

Bottom Width l*-5/8 k-l/k 
(Across Ball) 

Upper Width U-7/8 5-1/16 
(Ball Area) 

Ball Girth 

Heigit at ball 

Length Over?11 

Upper Width 
(at heel breast) 

15 1U-7/8 

3-5/8 3-3/16 

12-7/8 12-11/16 

li-1/16 3-15/!6 
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FIGURE 6 - LUG TJTPE TRACTION t'ATTERN 
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Figure 7 presents a side view of this prototype boot (R-jOOiAl) and Figure 
8 shows the outsole design. Copper foot studies (Table IV) indicated that 
when new, the insulation characteristics, when compared to the standard 
insulated boot, were more than adequate. The clo value in the critical area, 
of the heel, toe-cap and tongue of the prototype boot significantly exceeds 
the clo value of the standard boot. The prototype boots exhibit a lower clo 
value than the standard boot in the foresole and sole areas (sections 11-23, 
12-24).  Since there is no available data that indicates that the lower clo 
value in the outsole is critical, it was determined to accept these insulatit^ 
values as adequate.  (Most complaints of ccld feet have been recorded as beim: 
in the toe and heel area.) 

TABLE IV 

COPPER FOOT CALORIMETER DATA 

Foot 
Sections 

Boot CoId-Wet 
44 oz KR • JS-6-66 

Clo 

Boot-R-3001-Al 

20 oz. 

Clo 

overall values 1.76 1.99 

3-15 Ankle top 1.58 1.45 

4-16 Achilles 1.70 1.69 

5-17 Heel 1.74 2.22 

6-18 Ankle 2.19 2.01 

7-19 Tongue 1.46 1.91 

8-20 Instep (inner) 2.41 2.34 

9-21 Instep (outer) 2.22 2.57 

10-22 Toecap 1.86 2.28 

11-23 Foresole 2.58 2.13 

12-24 Sole 2.86 2.39 

Based upon these result », six additional pairs of boots were produced 
for further evaluation prior to continuing the work.  The results of this 
limited evaluation indicated: 

a.  After several hours of wear, doffing of boots became difficult 

17 



FIGURE 7 - SIDE VIEW OF ffiüTOTTPE R-3CJ1-A1 
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FIGURE 8 - OUTSOLE DESIGN OF PROTOTYPE R-3001-A1 
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because the polyurethane spray-film sock-lini:*g :-.pp. ■..',< -tly o-;.-j r<* . pc 
aaeqaate slit) characteristic:!. 

b.    Wear test data indi.ofl.ted that ail adjustment in tho pr^e- 
;.e used to pre 

characteristics. 
niqi\e used to produce the outsole was required in order to incsre*.je   ru--.oiii;y 

c« The puncture resistance of the outer skin required improvement. by 
increasing thickness and by adjustment of the compound application an 5 
processing. 

d. An increase in the dimensions of the outsole and heel x;as required 
to improve durability and to provide better balance to the boot during -walking. 

e. It wa3 also determined that a square outsole in the too area would 
facilitate mountain climbing when necessary. 

f. Insulative properties are equal to or better than the standard insu- 
lated boot and show no change in insulation characteristics after 20C miles 
of wear as shown in Table V. 

Concurrently with the evaluation of the six pair discussed above, the 
R-3C01-A1 prototype was wear tested. The overall clo value (1.99)  of this 
prototype when new and after 200 mile3 wear shows no change, and may be 
considered superior to the overall clo value (1.76) of the standard insu- 
lated boot. 

The measured values indicating minor increases and decreases of insu- 
lation in some areas of the prototype boot after wear, are no more than 
would be anticipated to occur in the standard insulated boot after wear. 

Although 200 miles of wear distance (180 miles macadam, 20 miles con- 
crete) may not be considered significant, it does indicate that there iiay 
not be any breakdown in cell structure of the expanded materials in the 
•'.p-cr Goct-ior of the boot as a result of any compression set that may inve 
taker, place during wear and, therefore, the life expectancy of the incula- 
ilcn and material characteristics may be considered satisfactory. 

A visual examination of the wear tested prototype, R-3001A-A1, (Figure 9)  after 
100 idle;; showed that (l) the outer :;kin had split near the arch Ox uie 
right boo";  ('-?) although the overall outsole and heel wear was considered 
to be good, ooi.ie chunking out cf the cleats of the right boot outsolo h?d 
takes« place. The possible cause of these deficiencies in the durability 
ni' the outerakin and outsole may be attributed to improper processing 
t%.jhrdques during fabrication of the prototype footwear. After the second 
hundred mj.lss tho left boot exhibited a one-inch break across the inst.ip 
<&■&  the C'V.t-cÜo ahoveJ rone wear at the outside sdge of the heel and at 
!,!< '.;..'.?. v,: the foot. In addition, one cleat in the heel showed some 
chunk*;v. The rid-4, boot exhibited an. additional break in the outersk'n 
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TABLE V 

COPPER FOOT CALORIMETER DATA 

WEAR TESTED PROTOTYPE 

Sections 

Overall Values 

3-15 Ankle top 

4-16 Achilles 

5-17 Heel 

6-18 Ankle 

7-19 Tongue 

8-20 Instep (inner) 

9-21 Instep (outer) 

10-22 Toecap 

11-23 Foresole 

12-24 Sole 

R3001 
Initial 

Clo 

-Al-20 Ounce 
100 Miles 

Clo 
200 Mile? 

Clo 

1.99 1.99 1.99 

1.45 1.51 1.42 

1.69 1.67 1.58 

2.22 2.28 2.28 

2.01 2.05 2.00 

1.91 1.83 1.87 

2.34 2.26 2.42 

2.57 2.61 2.74 

2.28 2.12 2.14 

2.13 2.11 2.12 

2.39 2.42 2.49 
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FIGURE 9 - ffiOTOTYPE R-3001A-A1   WEAR TESTED 200 MILES 
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and addition«: 1 chunking out of oleats. There was significantly leaa wear 
noted on the left boot outsole ae shown in Figure 9 (200 mile wear test) 
which substantiates that mixing techniques must be improved and that proc- 
essing adjustments are required for both the outerskin and outsole formu- 
lations to achieve uniformity of wear characteristics and physical proper- 
lies. However,, the overall integrity of the prototype baots was maintained 
and there wa3 no change in the overall insulation values as shown in Table V 

5 • Materials and Design Studies Continued 

Based upon the results of the limited evaluation of the prototype Cu>■>■ 
series) footwear, extensive materials design (includes last and mold) and 
processing studies were conducted (°) and additional prototype footwear all 
in size 1QR was produced. Four prototypes were selected for evaluation and 
are compared to the initial prototype R-3001 in overall weight and modifica- 
tions in Table VI. 

TABLE VI 

PROTOTYPE BOOTS SELECTED FOR EVALUATION 

Ounces per Boot 
Min      Max 

PROTOTYPE (R-3001) 

Narrow outsole, Urethane Sock, No counter       19      2l* 

NEW PROTOTYPES 

R-3002 - Wide Outsole, Urethet:.* Sock, No Counter  21 26 
R-3005 - Wide Outsold, tirrthan* Sock, with Counter 22 27 
R-3OO3 - Wide Outsole, Nylon Sick, No Counter    23 26 
R-300li - WLde Outsole, Nylon Sock, with Counter  2k 29 

The cutsoles of all four new pratotypes presented in Table VI were cast 
in a newly designed outsole mold section, which results in a wider outsole 
and heel with the heel pushed back no that when the upper section of the 
toot was cast, the edge of the heel was almost in line with the upper and 
the tee end of the outsole was square rather than round, as shown in Figure if 

Figure 11 presents Prototype R-3001 with the narrow outsole and the over 
hang of the upper insulation which is «round the outer edge of the outsole, 
the side« and over the toe area. 

Figure 12 compares the wide heel of Prototype R-3OO3 to the narrow heel 
of Prototype R-3001. 
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Figure 13 shows the square toe and siüe outsoie of prototype R-3C0J cor-v '.* 
tc the round toe and overhang of upper insulation over the outer edge 
of the outsole prototype R-3001. 

A comparison of prototype R-3001 and R-3002 in Table VI shows 
that the wider out3ole, heel and square toe results in an increase of 2 
ounces in the overall weight of the outsole.  However, this change rasul..s 
in a more balanced boot with increased durability and functionality,  in 
addition, the processing technique for the outsole was modified in an sfi; r" 
to increase wear characteristics. 

Table VI also shows that two prototypes R-3005 and R-3004 were pr. 
duced with expanded heel counters integrally cast with the outsole. The 
density of the heel counters is approximately 28 lbs per ft.-'. The counter 
was added to render additional support to the heel of the foot and to stabilize 
the foot so that it would not shift off the edge of the outsole. The ex- 
panded heel counter Appears to provide slightly better heel suiport and 
stability to the foot) however, this slight improvement in support at this 
time in the development cycle did not justify the increase of one ounce ir: 
weight per boot and this apprpach was not given further consideration. 
However, it does indicate that the flexibility is present ft.'- making 
significant compound, processing and design changes if required to improve 
the overall characteristics of the footwear. 

The substitution of a nylon socklining in prototype R-300? for the 
sprayed Polyurethane film socklining in prototype R-3002 results in an 
increase in weight of about 2 ounces per boot. The nylon socklining was 
used to improve the slip xjuiiities of the socklining and improve ease of 
don and dqff over that of the sprayed polyester polyurethane film socklining. 
The nylon socklining consists of a nylon fabric laminated to a cotton 
fabric with a natural rubber interface which is vulcanized after lamination 
but before the material was stitched into a sock. The 1007» nylon tricot 
fabric weighs 2.7 ounces per square yard and is used against the foot. 
The fabric used against the polyurethane foam is a 3 ounce ribbed net cotton. 
The nylon against the foot provides good slip qualities but has poor adhesior 
characteristics to the polyurethane; therefore, thü cotton fabric is require 
to obtain good adhesion to the polyurethane foamed upper. ±he  vulcanized 
natural rubber gum coat (0.006 inch thick) between the two fabrics prevents 
the liquid polyurethane from coming through to the nylon when the boot is 
being fabricated and thereby nullifies  the good slip properties of the 
nylon sock. 

During the processing studies it wae determined that the nylon sock 
acts as an insulator, and prevents the haat transfer from the last to the 
compound from being as efficient as the heat transfer from the mold to the 
compound. Therefore, the overall expansion of the compound  is decreased 
and results in a slightly higher u^nsity bet. This higher density results 
in a 1 or 2 ounce additional increase in  the weight of each boot. 
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To ocmpanaata for tht insulating äfftot oauetd by tht nylon took during 
prooiMing, tht mold and last ttmperatura m lnorttstd from 230° to 2£0°F. 
Ärot tht »old and l&tt mutt bt httttd together, tht addad httt trtnamltttd 
by tht mold rtsults in ovtr-txpanaion and tht rttulting oompound was soft 
and laoktd durability. On tht othtr hand, if tht mold is not heated to 
higher temperatures, but rather more blowing agent is added to the compound, 
the expansion of the compound is more violent and the foam contains many cells 
which have ruptured, thereby producing an open cell structure. These results 
indicated that the balance between temperature and blowing agent is critical 
and in order to maintain optimum compound properties and an adequate unif orrr. 
cell structure, a slight increase in density and weight over that previous! 
obtained had to be accepted. The increased firmness of the insulation ja'iise': 
by the increase in density of the foam, in combination with the nylon sock- 
lining, resulted in a slightly tighter fit which had good heel support and 
resulted in some reduction in slippage at the heel. The nylon socklining 
increased the ease of don and doff. 

The five ounce spread in weight between the minimum and maximum weight 
of each boot of the same prototype shown in Table VI should be reduced as 
processing procedures are finalized and production procedures developed that 
will accurately control time-temperature relationships. 

These prototype boots were evaluated on the sectional copper foot calori- 
meter. Table VII presents the insulation values on all of tht four new pro- 
totypes developed with the wide outsole and the one with the narrow outsole 
(R3001 A & A1) and these prototype boots are compared to both the current 
standard cold-dry and cold-wet boots. 

The data on the standard insulated boots is presented for comparative 
purposes. The standard insulated boot (white) for cold-dry use conforms to 
the requirements of Type II Class I of Military Specification MIL-B-U186, 
Boots, Insulated, Cold-Weather, Rubber Type, dated 15 March 1965. This boot 
has been designed to protect the feet in sub-zero conditions and is worn 
when actual temperatures of -20°F or belov may occur. The physical proper- 
ties and the thermal adequacy of the standard white insulated boot for cold- 
dry use (service below -20°F) have been validated by actual field experience 
As previously stated the standard black insulated boots are designed to pro- 
tect the feet from cold injury in areas where the temperature does not fall 
below -20°F. The new prototypes being developed are to be equivalent in 
insulation values to the standard black insulated boot for cold-wet use. 

A comparison of the insulation values obtained on prototypes R-3002-2 
and R-3005-2 (with polyurethane socklinings and with and without heel 
counters) to prototypes R-3003-2 and R-3OOI4-2 (with nylon socklining and 
with and without heel counter) shows that the addition of a heel counter 
does not significantly affect the insulation properties at the heel. 
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1 
A comparison of Prototyp« R-3001-AI (narrow outaole) with poly- 

urethane sock to prototype R-3002-2 (wida outsoM) with poiyurethane sock, 
indicated that increasing tha width of the outsole Increase the cio 
value in the sole area. There is also a slight increase in insulations in 
most uf the foot sections» which is reflected in a higher overall clo 
value in prototype R-3002-2. 

The substitution of a nylon sock lining (prototype R-3003-2) for 
tha polyurethane sock lining used in prototype R-3002-2 reduces the 
insulation values in all of the foot sections, resulting in a significant 
overall reduction in clo value of 0.30 clo. 

The lower insulation values obtained on prototype R-3003-2 were 
caused by the higher densities achieved in both the upper insulation and 
outsole as a result of having to modify the processing technique in order 
that the boot be capable of accepting the nylon socklining without adverse 
affects on other required physical properties. However, the overall in- 
sulation values of prototype R-3003-2 (with nylon socklining) is considered 
more than adequate when compared to the insulation values obtained on the 
standard insulated cold-wet boot. Prototype R-3002-2 (with polyurethane 
socklining) exhibits excellent insulation values. The overall clo value of 
2.14 exceeds the 1.94 overall clo value of the cold-dry boot which has been 
designed to protect the fest when actual temperatures of -20°F or below 
may occur. Because don and doff characteristics were considered critical 
and since the wide outsole and heel should provide additional durability and 
stability, prototype pair R-3003-2 (with nylon sock) was selected as the design 
model for the fabrication of fifty pairs to be used in a limited field 
research test and evaluation of physical properties.  In addition, this produc- 
tion run would result in the optimization of processing techniques and the 
development of production cycles and quality control procedures. The trade-of" 
of the increase in weight and the lower clo values obtained in prototype 
R-3003-2 versus the substantial increase in ease of don and doff and additions 
functional stability was considered desirable.  It was anticipated that, 
during the optimization of the processing techniques and the establishment 

of production cycles, it mightibe possible to provide none' increa: <■> i.i 
overall insulation values of prototype R-3003-2 by achieving better control 
and uniformity of cell size during the expansion cycle of the selected 
formulations. 

Table VIII presents the compound formulations used in producing prototyp 
pair R-3003-1 and 2. These same formulations were to be used in producing 
the fifty pair of boots for evaluation. 

The nylon/cotton fabric laminate material used for producing the sock- 
lining has been previously described. A completed socklining in size 10R 
weighs approximately 2\  ounces per socklining. 
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TABLE VIII 

FORMULATIONS FOR PROTOTYPE R-3003-1 and R-3003-2 

Outsold PHR 

Vibrathane B-602 100 

Santicizer S-lUO 25 

raPDA k 

Santicizer S-l60 k 

SF-1079 Silicone 2 

Nitrosan 0.7 

US-15N 0.7 

30UI Black 2.1 

Upper PHR 

Vibrathane B-602 100 

Santicizer S-lUO 25 

mPDA h 

Santicizer S-I60 k 

SF-1079 Silicone 2 

Ni ;rosan 7 

US-15N 3 

Outer Skin PHR 

Vibrathane B-605 100 

Toluene 200 

mPDA 3.8 

THF 51.2 

Santicizer S-l60 ^0 

30i+l Black 5 
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The insulation thicknesses of prototype pair R-3003 without the outer 
spray skip are presented in Table IX, These dimensions are the same as 
presented in Figure 5. 

Table IX 

INSULATION THICKNESS OF PROTOTYPE BOOTS R-3003 

70 70 70 
400 500 500 
... ... 5'JO 
600 600   

700 700 — 

NO SKIN 

Upper Insulation Thickness* 

Side        Front        Back 

Top Edge 
Ankle 
Heel 
Instep 
Toe 

Outsole Thickness* (Includes cleats which are 250 mils thick) 

Heel 175.0 
Arch 750 (No cleats) 
Ball 1000 

*Thickness in Mils 

Although prototype R-3003 was selected for the production of fifty 
(50) pair of lightweight insulated footwear for evaluation of durability 
in the field and determination of physical properties, an additional two 
(2) modified R-3003 prototype pairs were fabricated in the event that the 
research field tests to be conducted might indicate that modification 
wouSd be required to impro/e the functionality, comfort and durability 
of prototype R-3003 as presented. 

The two (2) additional prototype pairs produced are identified and 
described as follows: 

Prototype Pair R-3007-1,-2 

Prototype pair R-3007-1,-2 shown in Figure 14 is identical to prototype 
pair R-3003-1,-2 except that a three inch high nylon snow collar with 
a draw lace at the top was attached to each boot. The snow collar was adde* 
seal off the top of the boots if required to reduce heat loss and pre- 
clude snow entering the boot through the open top.  The snow collar was 
fabricated from the same material used to fabricate the socklining. 
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FIGURE 1U - PROTOTYPE PAIR R-3007 
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Prototyp* Pair - P.-3008«1j-2 is idv.ticcQ to prototype pa-x it"30C3-1,-v. 
except that the cuts*>le design was changed from the Lug typa AS show* in 
Figure 6 to a newly developed design E presented it Jigwr© 15» The aelecil;* 
of design E was based upon the results of studies of varioua cutscle design. . 
In the svent that increased outsole wear characteristics may be> ?&qv,ir*d Iv 
prototype £-3003,, outacle daslgn E increases the wear surface dirte-.sicns of 
the outsole in the ares cf the ball of the foot, that senses inte tonia.-.t with 
the ground ever that of the Lug type design show in Figure 6. This? '..bottle' 
result in increased wear characteristics and in addition the transverse cer' 
cleats serve tc distribute the weight over a larger area. 

6. Mold Description 

Figures 16 and 17 present photograph? of the a>taal l&st and mold se.-ti «is 
and show the overall mold assembly being held together in a jig. The overall 
mold for each beet consists of five ($) pieces and a last. One of the pieces 
is a sole plate containing two (2) r.ther pieoes whi>;h are side rings and form 
the upper edge of the outsole when the last is rested en the rings. The 1 
is a U.S. MIL-V Combat Beat Last modified to reflect th* design changes re. 
fJirsd to provide go id fit for a boot cf pull-en type construction in size 
10R. The parts as numbered in the photographs are described as follows i 

1. Sole plate 

2. and 3« Sole plate side rings 

!».. and 5». Upper mold sections 

Alter the outsole is molded, the side rings are removed and the two other 
pieces (upper raol-1 sections) which form the boot upper are brought together- 
around the last which is still in the same position it was when the outsole 
was formed. 

The molds are fabricated from cast aluminum and have a permanent teflon 
coating to insure ease of demolding completed footwear. 

Figure 13 is a schematic showing sole molding and upper sec.ion molding 
arid location of injection p:>rt. For purposes of illustration it shows the 
sole in place with the sole plate dropped. However, during the actual mold 
ing cycle, the sola plate remains in place until the finished boot is de- 
molded. 

7 • Pp-' iSdura for Producing R-3003 Prototype Footwear1 

Ar-.-iu.rate time a.-.d temperature control cf equipment, compounds,, and 
prmessing during the molding cycle is required to achieve proper densities 
a-r.d adequate physical -haractsriatlcs. 
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FIGURE 15 - OUTSOLE DESIGN E 

36 



FIGURE 16 - IDENTIFICATION OF VDU)  SECTIONS 

1 - Sole Plate 2 and 3 - Sole Plate Side Rings 
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A Biehl Hateer* three oowpsaent, polyurethane mixing/met«ring machine, 
used to fabricate prototype boots described In this report, was also used to 
produce the fifty (50) pairs of prototype R-3003. This Is laboratory equip- 
ment and can be used only for Halted production. The three components which 
are mixed and netered by the machine are (1) prepolymer, (2) curatives and 
(3) additives which include blowing agent and colorant. 

The Bold into uhioh the compound is dispensed has been described. 

The unit for spraying the skin onto the boot is a two component Binks 
airless spray gun. The two components used in the gun are prepolymer and 
curative. 

b. Production Cycle 

Generally the molding cycle for producing the prototype footwear is 
as follows« 

(1) Preparation of Äjuipment 

(a) Prepolymer tank temperature set at 220°F. 
(b) Curing agent tank temperature set at 220°F. 
(c) Molds preheated In oven for a minimum of 1 hoar at 150°F. 

(2) Preparation of Compound 

(a) The compound mixtures are prepared and poured Into their 
respective tanks and allowed to «arm up for an hour. 

(b) The equipment is calibrated to insure output of the proper 
compound mole ratio. 

(e) Sample of compound is checked for expansion properties and 
rate of cure. 

(3) Molding Cycle 

(a) Prepare sockllning and coat seams to prevent compound 
seepage through seam of sock. The nylon sockllning is 
placed on the preheated last and secured to the top of 
the last to prevent wrinkles during the molding cycle. 

* Seam Sealants Solution of 60% THF and 20£ Bstane 5707. 
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(b) The last with the nylon socklininp is returned to She oven 
to re-heat to 150°F and than removed. 

(c) The pre-heated (150°F) outsole section of the mold including 
the side rings is assembled and attached to the preheated 
socklined last. 

(d) The last with socklining is raised and three hundred grams of 
liquid polyurethane compound are metered into the outsole mold 
cavity. 

(e) Close outsole mold by lowering last into place. (The last 
to act as mold cover.) 

(f) The assembly consisting of the socklined last and the out;--..o.it- 
section is placed in an oven set at 250°F for fifteen minutes 
to expand and par ...ally Cure the outsole. 

(g) The mold assembly is removed from the oven, and the outside 
rings are removed from the outsole mold. The preheated upper 
mold halves are positioned around the outsole and socklined 
last and attached to ths mold assembly. 

(h) Two hundred and fifty grams of liquid polyurethane upper 
compound are metered into the upper section of the mold. 

(i) The entire assembly is placed in an oven set at 250°F for 
thirty minutes to cure upper and outsole together. 

(j) The mold is removed from oven, disassembled and the boot 
stripped from last. 

(k) Flash is trimmed from the demolded boot and boot cut to a 
height of 10% inches. 

(4) Application'of Outer Skin 

(a) A two component spray solution is prepared. 
(b) The boot is placed on a spraying last and four separate 

spray coats are applied. 
(c) After each coat the boot is rotated until the spray sets to 

prevent dripping and rippling of boot. 
(d) The sprayed boot is placed in an oven set at 150°F for one 

hour to cure spray solution. 
(e) The completed boot is refinished by trimming overspray at top 

of boot and lightly buffing outsole to remove overspray runs 
that have devploped. 

(5) A silicone spray IMS,CO #S512) coating is applied to the outer 
skin of the com; dted boots for esthetic purposes and to provide 
a glossy finish. 

(6) Boots inspected and packaged. 
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fifty ($0) pair« of prototype R-3003 boot« in size 10R vselghing between 
23 and 27 ounces per boot were produced by the integrally cast techniqca. 
The three component parts (sookllniag, upper, outsole) required to produoe 
prototype B-3003 prior to the application of the outer spray skin are shown 
In Figure 19. An actual completed prototype pair is shown in Figure 10. The 
fifty pairs of footwear produced may be described as follows 1 

BOOT, LIGHTWEIGHT INSULATED (BLACK) FOR COLD-VET USE 

(STILE R-3003) 

The lightweight Insulated footwear is a polyurethane integrally cast boot 
of pull-on style requiring no lacing and is approximately 10.75 inches hiph. 
The 0.75 inch thick outsole is produced In a "Lug" tread design from a nitrogen 
expanded polyether type polyurethane liquid prepolymer resulting la an average 
density of 28 pounds per cubic foot. Thr. outsole thickness as measured in the 
toe area from the interior of the boot to the exterior edge of the tread design 
is 1.0 inches. The outsole thickness as measured in the ball of the foot from 
the interior GO the exterior edge of the tread is 0.875 inches. The depth of 
the outsole iread is 0.25 inches. The insulating materials as it is expanded 
ia the upper part of the boot is a 12 pound per oubic foot polyurethane (approx- 
imately 90£ closed cell). The insulation thickness in the toe area is 0.70 
inches and tapers off to 0.10 inches at the top of the boot above the ankle. 
The black inner lining or sooklinlng of the footwear is a nylon rubber-cotton 
laminate. The natural rubber interface of the sooklinlng is vulcanised prior 
to stitching. The cotton is tightly adhered to the insulating material wi*'. 
the 1.... 1 towards the foot, to help provide slip for donning and doffing. 
To provi.il« a durable abrasion-resistant »xterior the footwear has a sprayed-on 
black outside solid skin of polyethrr-type polyurethane (average thickness 
0.020 indies). In size 10R the boot weighs approximately 2U-27 ounces per boot, 

8.  Consideration of Commercial Aspects 

The molding cycle developed and the equipment used may be considered as 
designed for producing small quantities of boots in the laboratory. Since no 
large quantities of boots were produced, no substantial consideration could 
be given to the development of eqvipment and procedures for largo scale com- 
mercial production procedures. 

At this time daring the devel"t»ent cycle there is no large scale produc- 
tion capability within the industry to produoe the lightweight insulated boot 
commercially in large quantities. However, based upon existing polyurethane 
equipment and technology, it is believed that it is practical to develop an 
automated system for large seals production of this type of footwear. 

k2 



•M- 

CO 

a 
H 
O 

§ 
B 

§ 
? 
W a, 

o 
s 

12 

o 

H 

a 
H 

1*3 



1 

4 

A coasaptwfii'i aiiic«utod pro-li'Stlon procedure is shown ia FlfVe 20, 

Using the lohematic diagram "*» Figure 20 j thr; proposed automated produc- 
tion procedure can take ■' - •' *s lollows s 

a» The previously prepared sockliniftg is mounted onto the last, 
bo The outseie mold is assembled automatically. 
c. The liquid polyurethane confound is injacted into the outsole mold 

cavity. 
d. The outaole is allowed to expand and semi-cure for five minutes. 
o. The ring« forming the top edge of the outsole open automatically. 
f. Tha upper moid stations are assembled around the last and top *dge 

of the outsole automatically. 
g. The Apper insulation liquid polyursthane compound is injected into 

the upper mold cavity. 
h. The upper is allowed to expand and the cast boot is cured for 20 minutes, 

The mold is disassembled automatically and the boot is automatically 
stripped from the last. 

1> The boot is trimmed to the correct height and the flash is removed. 
k. The trimmed boot is mounted onto the spraying last and the combination 

placed upon th? spraying conveyor, 
lv Two spray coats are applied automatically to the cast boot by slectro- 

static airless equipment, 
mo The completed boot is dried and finished. 

It is recognized that this automated production procedure for producing 
lightweight insulated boots on a large scale production basis is conceptual 
and although considered practical has not been reduced to practice. There 
is currently no available equipment to produce this boot by the procedure 
presanted in Figure 20. 

However, there are several major corporations in this country that are 
currently producing or marketing automated liquid polyurethane injection 
melding equipment. The existing automated equipment is generally being used 
to directly mold low gravity expanded polyurethane outsoles from liquid com- 
pounds onto all types of footwsar uppers. Some of the equipment appears to 
have the ability to produce a completely expanded boot for civilian use with 
some insulating characteristics. The multi-station automated equipment 
surreatly in existence exhibits anywhere from 12 to 32 molding stations for 
a&ch complete automated mixlng and metering unit. 
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Generally, the automated eqtlpcftnt available at this tin» can foe placed 

into two categoriess (1) the cita shot system - this system requires that all 
&f the ingredient?; be accurately metered into the nixing chamber and r*%«*t. 
together «bile ba&ng mixed t« form the required po\yurethans system. T^cs 
teehKJLque precludes prsreactions. (2) The two or three or more component pre- 
polymer system - these eompe«*nts consist of (a) prepolymsrj (b) curing *.gent; 
and (c) blowing agent. This system requires prereactions to form the prepely- 
mer (a) prior to reacting with the ©tiier two eomjonent-a (b), (>S>) i# the mixing 
chamber. 

The one shot syston is a potential, lew coat op »ration since the r<3s.etioöe 
are Initiated with the basic ray matariale and no uravieus additional separate 
steps are required for prereactions. The equipment required is less complex, 
because starting materials are less viscou8 and therefore do not require 
sophisticated pumpirg systems and equipment to heat /low lin©a in order to 
maintain low viscosity of the liquid ingredients. Kos^vsr, precision metering 
equipment is required in order to react the ingredients* that have been accu- 
rately metered, with each other to produce the required mole ratio which resultr-. 
in the final compound. 

Generally the physical properties of compounds produced by the one shot 
system may not be as good as the properties produced from the prepolymer systems» 
because of the difficulty in accurately controlling the reactions talcing place 
simultaneously in the mold. 

Lfralnftion of Rpotctrge B-3003 Lightweight Insulated Footwear 

The experimental B-3003 f©otYt*tr produced was evaluated in the laboratory 
for physical and inaulatira properties and informally under actual field con- 
ditions in limited research testa in Alaska. 

A. Determinatior, of Inaulative Properties 

Ten boots from the fifty pairs produced were selected representing the 
various minimum to maximum finished weights of footwear and subjected to the 
sectional copper foot calorimeter for determination of clo values. Table X 
presents the sectional clo values obtained on each boot. As anticipated the 
insulation values (elo units) obtained on the ten (10) production boots 
(Table Z) were significantly increased over the insulation values of the initial 
prototype boot R-3003-2 as »horn in Table VII. This was accomplished by ad- 
jua^affitt of tine time=temparatur« cycles, as outlined In the production proced~ 
•asbag waien resulted in a more uniform cell site and density control. The 
design and ma'verials wer« the same aa used in the original R-3003-2 prototype. 
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Oeasr&llyj, the automated equipment available at this tin* can be pläonad 
Into two categories? (1) the one shot system - this eyetern requires that all 
of the ingredients be accurately metered into the nixing chamber and raadt 
together wails basing nixed to form the required polyurethane system« This 
technique precludes prareactione. (2) The two or three or more component pre- 
polyaiar system - these compoasnte consist of (a) prepolymsr? (h) suri.it- *.geni; 
and (c) blovicg agent» This system requires prereactions to form th* prepoly- 
mar (a) prior to reacting with the other two eompaaent-s (b), (>s) i» the mining 
chamber. 

The one shot system is a potential i«w cost operation slwse the rea«süosse 
ar® initiated wlts the basis raw materials and no previous additional separate 
steps are required for preres&tions. The equipment squired is lees ooraplsx, 
because starting materials are less visoous «ad therefore do not require 
sophisticated pumpirg systems and equipment to heat flow lines in order to 
mai&tain low viscosity of the liquid ingredients. However* precision metering 
equipment is required in order to reaot the ingredientsi that have been accu- 
rately metered* with each other to produce the required mole ratio which resultr 
in the final compound«, 

Generally the physical properties of compounds produced by the one shot 
system may not be as good as the properties produced from the prepolymer systems, 
because of the difficulty in accurately controlling the reactions taking place 
simultaneously in the mold» 

^Valuation of Brototys» R-3003 Udhtwsight Insulated Footwear 

The experimental R-3OO3 footwear produced was evaluated in the laboratory 
for physical and insulati** properties and informally under actual field con- 
ditions in limited research tests in Alaska. 

A. Deteirmlnatior. of Tuaulativ» Properties 

Ten boots from -ehe fifty pairs produced were selected representing the 
various minimum to maximum finished weights of footwear and subjected to the 
sectional copper foot calorimeter for determination of clo values. Table X 
presents the sectional clo values obtained on each boot. As anticipated the 
insulation values (clo unit«) obtained on th» ten (10) production boots 
(Table Z) were significantly Increased over the insulation values of the initial 
prototype bsot R-3Ö03-2 as shewn in Table VII. This was accomplished by ad- 
justaftttt at the time-temperatur* cycles, as outlined in the production proced- 
ur*ss which resulted la a more uniform sell sise and density control. The 
design and meA<ariaig wer* the same as used in the original R».3003-2 prototype. 
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Table ZI preaente the sectional overall olo valueg of Moh of the ten 

boot« tad eonparee the Insulation properties to tbo etandard cold-dry «ad 
oold-wet Insulated booti and to too original R-3003-2 prototype. In addi- 
tion, tbo ©reran welghte of the boote are preeented for ooaparioon purposes, 

TABU XL 

SKTIOHAL COPPER FOOT DATA 

Overall Clo     Weight - Osa, 
Standard Cold-flry 1,9k 
Standard Cold-Hit 1.76 
Prototype R-3003-2 1.81* 
Production Boote 

Number 1* 2.02 
6 2.10 

11* 2.05 
20 
21* 
29 
32 
kk 
U6 
50 2.00 2l*.3 

Avg clo 2.061 

A statistical analysis conducted on the ten production boots Indicates 
that on a large production basis 90 percent of the boote should exhibit 
clo values between 1.905 olo to 2.217 olo. 

The insulation data in Table XI indicates that only two (2) of the 
product4on prototype boote (numbers 20 and 21*) exhibit a olo value below 
2.0. However, these two clo values are significantly hif «r than the olo 
values obtained on the standard oold-dry boot. It should be recognised 
that the prototype boots are being developed to be at least equivalent in 
insulation values to the standard cold-wet boot. The comparison to the 
insulation values of the staudard cold-dry boot is presented for information 
purposes. 

The clo value difference between the lightest weight boot (nuaber kh) 
at 23.3 ounces to the heaviest weight boots (numbers 6 and 11*) each weighing 
26.7 ounces is not considered significantt This data indicates that some 
changes during processing in weight and or density at the same thickness 
of material can be tolerated without having * significant effect on insula- 
tion values. 
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It is anticipated that as Additional technology Is developed and the 
required processing equipment becomes completely automated, which also 
includes accurate temperature control of compounding ingredients, assembled 
molds or mold sections and curing ovens, the do value range of 1.9 to 2.2 
may be narrowed, with a possible minimum of 2.0 clo. In addition, the 
overall weight differences between the boots may be reduced to a tolerance 
of plus or minus one ounce per boot. 

The data in Table H is of special significance in that it indicates 
that this lightweight boot concept can combine the functions of both the 
standard oold-wet and cold-dry boots in one item. However, this would require 
development of materials with the required low temperature properties and other 
required physical characteristics. The materials presently used la producing 
the Ä-3003 prototype series do not possess the required low-temperature pro» 
parties for use in the cold-dry range. 

B. Climatic Chamber Iraluation 

Four pairs of the boots of which the right boot of each pair was subjected 
to the sectional copper foot calorimeter (right boot numbers 20, 29,  32, and $0) 
were compared to the standard (white) cold-dry boot on test subjects in the 
climatic chambers. The comparison data are presented in Appendix C. 

The primary test objective was the evaluation of three auxiliary heated 
gloves daring exposure to simulated Arctic conditions. The standard (white) 
insulated cold-dry boots were used as part of the standard Arctic uniform 
in order to protect the test subject at -30°F. The prototype (R-3003) foot- 
wear which is being developed for the warmer, cold-wet conditions was included 
to obtain some preliminary acceptance and protection data on human test sub- 
jects during cold exposure. 

A comparison of the prototype (R-3003) footwear with the standard (white) 
insulated cold-dry boot during exposure to a '30°?, $ mph temperature and wind 
condition for approximately 2 hours and 25 minutes is presented in Appendix C 
and Indicates the following 1 

(1) Differences in subjective thermal and comfort evaluation across the 
two boot types were not significant. 

(2) The higher instep temperature recorded for the standard (white) Insu- 
lated cold-dry boot over that of the prototype boot by the end of the last 
test session corroborates the copper foot data obtained en Prototype R-3003-2 
in Table VII. The Table VII data also shows a higher clo value for the sole 
area of the standard (cold-dry) insulated boot. 

(3) The cause of the differences in foot temperature between the two 
ooots may not be due to the difference in cooling but due to the difference 
in re-warming at» a function of exercise. Since the prototype footwear has 
an open top while the standard insulated boot is a lace-on type, it appears 
possible that some of the warm air produced by the body during exercise is 



btlng pumped rat late tht eold atmosphere. The addition of the anew oollar 
as shown in Figur« 1U (Prototype R-3007) should increase the rat« of re- 
warming during th« exercise period and thereby may become equivalent in haat 
retention propartiaa to that of tha atandard (white) insulated boot. 

(U) Ina temperatures recorded in tha final teat session axa still con- 
sidered relatively high in both oases and both boots «ill provide adequate 
comfort and warmth at the reported temperatures. 

C. Field Evaluation of Prototype Footwear 

TMO separata Informal research testa ware conducted in Alaska. Twelve 
pairs of prototype footwear which included 3 boots subjected to the sectional 
copper foot calorimeter (numbers U, 2k,  and kh) ware furnished to the U. S. 
Army Arctic Test Canter and an additional twelve pairs which also included 
three boots subjected to the sectional copper foot calorimeter (numbers 1U, 
6, and U8) ware furnished to the U. S. Army, Alaska. 

Tha test objectives were generally United to tha evaluation of insulation 
properties, comfort and effects of wear l*y personnel as they conducted normal 
daily activities. The standard (black) insulated boot for cold-wet use, which 
the experiemtal prototype is being developed to replace, is not currently 
being used in Alaska. Therefore, all comparisons of tha experimental proto- 
type footwear ware made against tha atandard white (cold-dry) boot. larly in 
tha test period both U.S. Army Arctic Teat Canter and U.S. Army Alaska were 
authorised to modify the boots by the addition of a snow collar to preclude 
entry of snow into boot and to prevent heat loss. This closure waa based upon 
the snow collar developed and used on prototype R-3007 shown in Figure llu 

(1) U. 3. Army Arctic Test Canter Evaluation 

The results of the limited research test conducted by the U.S. Army Arctic 
Test Center are presented in Appendix D. 

The test was conducted over a 68-day period and generally indicates the 
followingi 

The donning and doffing presented no difficulties. 
Six of twelve teat participants stated that the boot did not, at one time 
or another, provide adequate traction whan walking on melting iea. 
There ware no difficulties encountered in operating vahiolos, aircraft, 
and equipment. In addition, there ware no problem« due to buDdness of 
tha boote during manipulation of brakes or clutch pedale. 
There was no report of damage from the spillage of petroleum products 
(such as gasoline, diese!, solvent, antifreeae, motor oil and grease) 
onto the boots. 
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At the completion of tht test it mi discovered that approximately 50 
percent of tht bootf exhibited a out| to«? or break la tfa« outerakin. Tht 
oause of damage in most oases was reported as unknown. Slnea tha damago 
was not discovered until tha completion of tha test, tha indications ara 
that there was apparently no affect on Insulation properties and that the 
boots remained serviceable. The boots ware worn at temperatures as low as 
-U7 F but since they «are developed to function only down to -20°F, the 
lower temperature may have caused tha skin on some of the boots to become 
brittle and crack or break. 

Tha U.S. Army Arctic Test Canter did not present any conclusions because 
of the limited number of test items and the short period of time that the 
test was conducted, but did express an opinion that the experimental light- 
weight footwear was not as durable as the standard (white) insulated cold- 
dry boot. 

The major objective of tha work was to achieve insulation equivalent to 
that of tha standard (black) insulated cold-wt boot, with optimum durability 
achievable at the reduced weight. It is assumed that the durability referenced 
in tha report is puncture resistant,. It is anticipated that punoture resis- 
tance can be improved in fabrication of future prototypes by design and material 
modifications. 

(2) P. S. Army Alaska Evaluation 

Tha results of the limited research test conducted by Ü. S. Army Alaska 
are presented in Appendix X and include the following t 

The U.S. Army Alaska furnished boots to both the 75th Infantry Arctic 
Bangers and the 19th Aviation Battalion. 

The 75th Infantry Arctic Bangers subjected the boots to twenty (20) days 
wear. The boots were used in skiing seven miles, snowshoeing four miles and 
walking four consecutive miles par person with no difficulties encountered. 
No slippage at the heel was encountered while walking, skiing or snowshoeing. 
In addition, the boots ware used in eleven par&drops per person without 
difficulty. 

The 75th Infantry Arctic Bangers further indicated that the support to 
the foot provided by the boot is excellent and that the ease of donning and 
doffing and the weight of the experimental boot provide a definite advantage 
over the standard (unite) insulated cold-dry boot. At the completion of the 
test, there was no evidence of boot damage or wear. 

51 



1 
Tha experimental boot* no» by elements of the 19th Aviation Battalion 

stationed at fort Wainwright, Alaaka, wart evaluated primarily for compat- 
ibility with alroraft flight controls, for example, raddar pedals and brakaa. 

Tha 19th Aviation Battalion members raportad that the boots are light and 
comfortable «1th the exception of some tightness across the instep* Pedal 
sensitivity required to manipulate aircraft controls was far superior to that 
of the standard (white) insulated cold-dry boot. The experimental boot pre- 
sented no problems in walking but was rather stiff when worn in a sitting 
position manipulating aircraft controls. Overall the experimental boot was 
rated superior to the standard (white) Insulated cold-dry boot In relation 
to flying activities. 

The results of the limited Alaskan Held test generally indicated that 
the Insulation properties of the experimental footwear appear to be adequate, 
the ease cf donning and doffing characteristics are a distinct advantage and 
the test boots offer a significant weight reduction over the standard boot. 
However, the limited field test was not conducted for a long enough period 
of time to determine overall durability characteristics. 

D. Determination of Physical Properties 

In an effort to establish tha basis for the preparation of tentative 
physical requirements, physical testing was required. Destructive testing 
of finished footwear is required since the pnysical properties that would 
be obtained from evaluation of prepared flat samples may not directly re- 
late to the physical properties of a finished boot, because of the varia- 
tions of thickness in different areas of the footwear and the possibility 
of some differences in temperature and time relationships that may be 
encountered during processing. 

The physical properties of three boots selected from the fifty pairs of 
prototype R-3003 produced were determined by actually dissecting the required 
test specimens from each boot. The selected boots are identified as followst 

One unused boot (number 95) weighing 715 grams. 

Two boots used during the Alaskan test (numbers 66 and 21) weighing 765 
grams and 697 grams respectively. 

The two used boots ware selected to determine what effects on the physi- 
cal properties, if any, had taken place during use. There was no significant 
wear noted on the outsoles of these two boots. 

The proper dissection of the boots to obtain test specimens was considered 
critical since the varying thickness of the upper insulation caused by the 
contour of the boot, as well as the difficulty encountered during the separa- 
tion of the skin and socklining from the foam, made it difficult to prepare 
satisfactory test specimens. In some cases the skin had to be carefully 
abraded away from the foam. 
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Table XII pnimti the phyaieal propertiaa obtained on the three boot«. 
Tha ratulta obtainad on tha uppar foam aaotiona of tha boota generally indicate 
that thay ara oomparabla, with tha deneiiy varying batwaan 10 and 12,8 pounds per 
cubic foot and tha compresaion daflaction at 25 percant between 2,5 and 4.0 
pounds. The compression set data obtained at room temperature is erratic and 
at the elevated temperature (138°F) is considered high. 

Since there is a density gradient within the outsole, the variations in den 
sity through the cross section of the outsole ur.: tnticipated. Some of the vari 
ations in density from sole to sole obtained on the worn boots in the same cr'-r 
sectional area may possibly be attributed to the effects of wear. 

Satisfactory samples from the sprayed skin of the unused boot for use in 
low temperature evaluation were unobtainable. Therefore, no low temperature 
tests were conducted. In addition the tensile data obtained on the outer skin 
of worn boot number 66 was considered low. 

During sample preparation it was noted that on all boots there were some 
areas of poor adhesion of the outer sprayed skin to the foam. There was also 
a lack of adhesion of the outer skin to the outside edge of the outsole. 

The limited physical tests obtainad in Table XII indicate that it may be 
difficult to set realistic tolerances on physical property requirements until 
processing and production techniquaa ara further refined to more accurately 
control time-temperature relationships and to insure complete mixing of in- 
gredients. 

The physical tests wei i conducted in accordance with test methods listed 
in Appendix F. 

Since it was difficult to obtain satisfactory samples from the dissection 
of finished footwear and in order to get some indication of how closely the 
physical property data obtained on prepared flat samples may relate to the re- 
sults obtained from actual boot sections, flat specimens in various thicknesses 
were prepared. These samples were prepared using the same formulations and 
processing procedures used to fabricate the fifty pairs of Prototype R-3003 
footwear. Flat samples in the following thicknesses were prepared for evaluat 

Upper insulation foam 15/16 inch thick 

Upper insulation foam 5/16 inch thick 

Outsole foam 11/16 inch thick 

Outsole foam 5/16 inch thick 

Outsole foam 1/4 inch thick 

Solid outer skin (sprayed) ,026 inch thick 

Solid outer skin (cast) .060 - .080 inch thick 
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·~~t~t~i~..:.r.ld ::.:!. +J; •. ,~ '5:!~~·~,y~·d ~kt!:l 'll''lllt!fas t:n;e 1.",:·;,.$'1;. skin 'IJ'1IJ::t :w"'.t. ¢•:r.=,...&:ta.:;,~ '.JU\tt:~ 
t.:r.ey w>£J~tel Jtt.:>a6~"R~·.~-' l:!;r di.tfre.!'oot P' .. ...,.t:lase:ing teclmi~!J. ~~ J> t.~,.~13e ~-0st 
sp:&:~1J1Ml)!~~ 'lr.\'®:;>:~ ·e.-~·t.Lic;~.a.t•(>;d >i'l:..'!l.d t:bl~t data. is p:··~lf!•&.Uted in Tabl$8 nn ·" nv, and 
X':l o 'lli.~ >;.'~'l:.ll~:siJ.l :.."'lii'S\:Jl·t.::l: indi,~at.AJ-":h4t, it i~ difficult, t..o •#...a.1z. '!:'"J'tlrJ!.:J,.VImt 
ph~T~e1.cal da~.s. ~N·IJ;:~. ·:n:~,~·~hng thill';:knM~~e of i'I'Jam. \l13lng t.h~ eam• f'•,l"!ll'.:.:l..atio:M 
~~~::-d P,'."::·-:):JIH!.~'l!. "ll,~ t,ll-~,~;':;~i'i..~~q::('l! li.8 :n~'tled :ilil 't.~'!J d-en~~.<:.t.ss obtd..utld. in ~hblf!l XIII 
~i!.\d. Ts.'t-11"11 :m ~~~.td. th'l'l 1t·L~~il:t~~ valu~s o'btdJra~Bd in Table '1!1. Test re.srt:.l ~: '~ 
:tr~ S·C!l.iiil< ~~~~·;al:·~ Y~-c'~ tr:tt;.','b/l~~.il.~l~ bP.~<c:a\Jl'.l!l6 II'Ji sa111pl•~S 'Unclcutss" 

!:Gl r.t.l"d~~~· t..o ~..-.l~\l!l thtt :lnam*'ion pro~X"ties of t.bte experimen:t&l pzo-
1tfc;t·:r~ f·~~~,.l:iwu (R-.300J) t.o tJi~t ot O'.ll'l"t'mtl;y aV&ilabl., OOllllllelrtd.al 1n8Ula·t;eJ 
1'•X'tW>!t~l' !o-xr p.rlriS r:f' vario~a typ6e ot •eiOmDII!l:r>.ei&l im>Rlllted boots (!'tr...""111,. 
:t-n,@astri.ELl aTQ\d/~r e:?"'ri.!fWarr) in size 10 wr•s obtain~5do .All of thet boot!! 
S!'l~"Wd W>%"~ apPl!'·oximd•t~ly 12 inMes higb. and had a knitted cotton soclc­
ltmngo F.tg,\1'!1''-' 21 p'l"111;~~~mts a ·typiaal oomml!llrc1al ineulated. boot ot the eame 
typ.t: M':~tl.~x!J.t·t'·:.io :!'.4~1·~ XU'I pt"~Ua.mts the di1Jsign and di.Jwmsional differences 
a~ "Wll M 'W!!'J\.g:b't. .s.:o .. d i.nsul.ati~on ri!ila.timlehips (obta:i.nad 01.1 the commercial 
ll:r·~ct.ao J.n 'rtifr>•3.~ xn::rll +..he ::L~eulatioD. values (~lo units) obtained. on the 
~~~~.tmtM!'~~-~ll ·!jr,~·~t~ .\li~'$1 !/.iQ:~ md ~om~ad with both the standard cold-wet 
:5.J?.sili1~·!ltd lb·n·~t s:r.\d ~t.:m~ SJC'p'5Jt":i.nw:ntal inS1..i!la~d ooot (s~:rlee R .... 3003 - average 
.I'J.f. '10 J • :.J:'h~ f~V't:,.o ~1~~ 10 <tl<lllmm.ercial :i.ns\U.atad ooot.;s fit !S!l'.Ugly on 't.'?.E! 
B•;;.·e:~~r.:t.0JJV.t.i>l .~J~~PP(!>::f f'•Mfc,. It wa.a daterm!:clsd that a standu-d size inside di­
~rr[':ir01J~. {:.J:a.;.«:'t a~-~~) ~f a. st.mdu'd milit&.ley' eiH 10R insulated boot would 
~~~:trrf!o~'·il !Toz~:;r·~ ~~·>:~p..•ygo}\y t~~ eiz~ '11 or 12 ooJ~~De~rciaJ. insulated boot.. The 
!.!m'J:g .fit ~J:~ 14~.~ e>tt~'tir~t::J~Al t:f.IJ~r toot expls.ins thf!l lw overall irumlation 
7.al~,1\(!;S c;~·!t,oi.::,._'rr.·~d \@s~c:ially in the important to~ eap s6cti~l!!) on the ecn­
m>~!;;r.··~:lal i.ns1.;;.l.~.l.tR•d b><~j<,Q't.B • 

TY.:::~ ~diJ. ti~'l'.'ll'.l ~~nm,, .. ~)l"'~ial insulated boots W'MN obtained~ on~ size 11 
~%d t;tr.s ,o,th.~:." alii~'!!< 12I> ·&~v.urmt in all resp&()ts sxcspt for size to the 
ei.:7l~ 10 (v:-''='~l.."'.~!!3J.l #3) pJrerri.<M.'\sly ~&va.lu~. Tb.sss two sizes wen sslee·t.e·.· 
t,...l,)l d~~:r:m:br.-1~ ••lmti~h c<l~ ~~ts miSt prcpall"l;y fi.t tJ'ble sa!CltioM.l copper toot 
au.d t<.' ®"00~,.~ if bighl(!lr' (elo values mll ~ obtailoled over that ot the 
pl":.!~~l~o:.n~ly ~-.:;~.:b:.~'SI.t:!id 1!!:D~g fitting siz~tS iO» <tllO'mntercial 113, insulat.i!d boot. 

Tb!BI eb~ ·~ i b'"··~·'il;. wss !Ci>!l:~tibl~ to the copper fo@t in lengthr W.t 
&l~ghtJL7 fl:llWlg ir•l "itt.td!r.J:t.. Th.~ aize 12 w.e !C:t.nrtp.&tible illl vddt.h to t.he coppell!' 
f(.';Jt';t,;,n 'h')lt a:l.:lgl{.J.tl;_r t~J~· l<O'r.I.go N.;;)!n..& or the I~Oll!mal"Cicii i:G.l!ru.l.ated boots fit 
M ~~J.l ~~~ ~1!'(} Cf9i-A.<o.d:!U·1 ndl:i t~ insulated ooote 0!."' t'l.li:l!l sxps:r.'i.mEm.tal inSU• 
!..at~d D<~'!''t.rl· ~.:?l'dte;l!" de,:;·.e;J..~pn.~'-l~t.o 
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TABLE XIII 

PROPERTIES OF UPPER IN8UIATI0N FOAM 

15/16" Slab 

Density (lbs/cu. ft.) ll.fc 

Tensile PSI — 

300fo Modulus PSI — 

Elong. {%) — 

Die B Tear PPI — 

25% Comp. Deflection PSI k.l 

50$ Comp. Set $) • 

22 Hrs @ 158 F 89.7 

22 Hrs @ 70°F 18.7 

Water Absorption 
6 Inch Head 

2k  Hrs. 15.7 

kS  Hrs. 25.6 

7 Days 59.1 

5/16" Slab 

14.6 

132. 

60. 

550. 

13. 

9.6 

10.6 

18.5 

kk.k 

57 



TABLE XIV 

PROPERTIES OF OUTSOLE FOAM 

Density (lbs/cu. ft.) 

Tensile PSI 

300% Modulus RSI 

Elong. (%) 

Die B Tear PPI 

Shore A Hardness 

Abrasion Index 

50% Comp. Set(%) 

22 Hrs @ 158°F 

22 Hrs @ 70°F 

Water absorption 
6 Inch head 

24 Hours 

48 Hours 

7 days 

25% Co:.'p Deflection PSI 

11/16" slab 

29.0 

30/45 

5.4 

5/16" slab 1/4"slab 

33.7 43.3 

  440. 

  212. 

  830. 

  52. 

45 55. 

5.4 10.8 

  89.0 

____ 29.4 

2.4 2.6 1.8 

2.9 3.3 2.3 

4.1 4.6 3.1 

28.5 39.0 83.5 
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.    Mill. '.i i" i wmmmm i"1 "   >■> ■> 

Thickness 

Tensile PSI 

300% Modulus PSI 

Elong (%) 

Shore A Hardness 

Die B Tear PPI 

Die C Tear PPI 

Torsional Stiffness 

T2 

T5 

T10 

T100 

TABLE XV 

PROPERTIES OF SOLID SKINS 

Sprayed 
Skin 

Cast 
Skin 

.026 .060-.080 

1950 3390 

610 550 

520 685 

65 61 

63 116 

178 215 

-38°C -45°C 

-57°C -61°C 

-62°C -6»*0C 

-67°C -78°C 
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Table XVIII presents the results of the sectional copper foot 
evaluation and as anticipated the overall clo values obtained reflect 
the differences in fit and weight of materials. The effect of sizing on 
insulation values is reflected in the data obtained in the instep, heel and 
Jfchilles. However, When the experimental prototype (ft"3003 series) and 
the standard military insulated boots are compared in weight and insulation 
values to the best of the currently available commercial boots, they may 
be considered as being significantly better.  Sectional copper foot 
data was also obtained on the standard five buckle overshoe and three 
experimental molded lightweight polyvinyl chloride overshoes. All of the 
overshoes were evaluated in combination with the standard leather combat 
boot and are presented in Table XIX for comparison to the lightweight 
insulated prototype R-3003 boot. 

The standard leather combat boots in size 10R weighs at least 28 
ounces per boot. The standard 5 buckle overshoe weighs approximately 
32 ounces per overshoe. Thus the combination required for use on the 
sectional copper foot calorimeter has a total weight of at least 60 ounces. 

The three lightweight molded pelyvinyl chloride overshoes have a full 
bellow opening with a button and loop closure for ease of don and doff 
and weigh approximately 16 ounces per overshoe. The total weight of the 
standard leather combat boot and polyvinyl chloride overshoe combination is at 
least 44 ounces. 

Table XIX compares the clo values obtained on the lightweight insulated 
(prototype R-3003) boot weighing an average of 24 ounces per boot in 
size 10, to the values obtained on the standard leather combat boot- 
overshoe combimition*. 

Although the overshoes were n<">*- developed to provide insulation 
properties, their insulative chara«,.eristics in combination with the 
standard combat leather footwear is at least equivalent tr the previously 
evaluated commercial insulated boot. However, the insulation values ob- 
tained on prototype R-3003, lightweight insulated boots are significantly 
higher than all combinations evaluated, 

F. Program Review 

A review of the completed materials research studies, processing 
techniques, prototype fabrication and evaluation, indicated at this time 
that the polyurethane technology developed had progressed sufficiently to 
allow the selection of a prototype boot that should meet the established 
requirements. 
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Completed performance studies (informal Alaskan field tests, 
copper foot calorimeter studies, cold chamber tests) indicated that the 
required thermal insulation properties for a lightweight boot had been 
achieved. Limited wear tests indicate that such features as durability, 
service life, comfort during prolonged wear, and design aspects may be 
adequate. 

Based upon the results of the overall review, prototype R-3003 
shown in Figure 10 was combined with the outsole design in Figure 15 
and the snow collar shown in Prototype R-30C7 in Figure 14 wer<* u.*ed "c 
form the selected production Prototype shown in Figure 22» 

Description of Selected Production Prototype 
Boot, Lightweight, Insulated (Black)3 

C°id""'8^ with Snow Collar 

The lightweight insulated footwear is a polyurethane integrally 
cast boot of pull-on style requiring no lacing and is approximately 
10,50 inches high. The 0,75 inch thick outsole is produced from a 
nitrogen expanded polyether type liquid polyurethane resulting in a 
core density of 25 to 30 pounds per cubic foot. The outsole desjtgn 
developed, provides increased wear surface dimensions in the ball of 
the foot and dimensional stability to the hoot over that of previous 
designs. The outsole thickness as measured in the ball of the foot from 
the interior to the exterior edge of the tread is 0,875 inches. The 
depth of the outsole tread is 0,25 inches. The insulating material 
as it is expanded in the upper part of the boot is approximately a 
10 pound per cubic foot polyether type polyurethane (approximately 
90% closed cell). The insulation thickness in the toe area is 0.7Q 
inches and tapers off to 0.10 inches at the top of the boot above the 
ankle. The black inner lining or socklining of the footwear is a 
nylon/rubber/cotton laminate. The natural rubber interface of the 
socklining is vulcanized prior to stitching. The cotton is tightly 
adhered to the insulating material with the nylon towards the foot. 
To provide a durable abrasion - resistant exterior the footwear has 
a sprayed on black outside solid skin of polyether - type polyurethane 
(average th^kness 0.20 inches). A snow collar is provided to preclude 
snow entering the boot and to possibly reduce heat loss as a result 
of the open top design. 

The snow collar is 3 inches high and is provided with a lace. 
It is produced from the same material as the socklining except that the 
cotton fabric is removed to eliminate water pick up by the snow 
collar. In size 10R the boot weighs approximately 24 to 28 ounces 
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FIGURE 22 - SELECTED PRODUCTION PROTOTYPE 
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par boot. The formulations for tha outsole, upper foam and outer skin 
for use in producing the selected prototype are presented in table 
XX and the socklining material is presented in table XXI. 

TABLE XX 

Formulations for boot Components 

Materials 

Vibrathane B-602 
Adiprene L-42 

mPDA 
Nitrosan 
Santicizer S-140 
SF 1079 Silicons Surfactant 
SF 69 Silicons Surfactant 
3041 Black 
THF 
Cyclohexanone 
Toluene 

Outsole 

100 

1.5 
18 
1 

"~5T5 

PHR 

Upper Foam 

100 

T 
5 

25 
1 

~T75 

Ou^r 

TABLE XXI 

SOCKLINING MATERIAL 

Nylon 
Gum 
Cotton 

1826 Nylon Tricot Net (2.7 oz/sq yd) 
Natural rubber .006 inch thlüc 
300 Cotton Nev. (3.6 oz/sq yd) 

The development of sophisticated equipment and new techniques 
and processes for handling specialized castable polyurethane systems 
has progressed to the point where it is considered feasible to produce 
lightweight insulated footwear on a full production basis. 

The significance of this development becomes evident when Figures 
2 3 and 24 are compared. Figure 24 presents the component parts 
that comprise th« selected lightweight insulated prototype (24 to 28 
ounces per boot aize 10) produced by the integrally cast technique. 
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When the four components without the outer spray skin presented in 
Figure 24 are compared to the 42 different component parts of the eonv^ntioT 
ally fabricated standard black insulated boot (approximately 44 ounces 
per boot in size 10) presented in Figure 23, the reduction in the 
number of components and in the finished weight of the boots becomes 
obvious. In addition, the reduction to practice of the concept of 
producing boots in a pull-on type construction by the integrally cast 
method results in boots that are more reliable from the standpoint 
of retaining insulating properties, less complex to produce, lighter 
in weight and lower in cost. 

Go  Development_of Tentative Physical Reguir-anents 

Based upon a review of all the physical properties obtained and with 
consideration given to developed processing procedures„ tentative 
physical requirements were prepared and footwear thickness measure- 
ments were determined for use as guidelines during initial production 
of a limited quantity of footwear for extensive testing. Tables XXII 
and XXIII present the developed tentative physical requirements. 

Prior to initiation of the destructive testing outlined in 
Tables XXII and XXIII the following tests shall be conducted: 

(a) Water Pick-Up - Entire boot immersed for sixteen (16) hours 
at room temperature - r.ot more than 5.0% increase in weight, 

(b) Split boot into two (2) parts along mold-line and obtain boot 
dimensions and thicknesses. 

(c) Measurements for size determination; 

le Upper - After the boot is cut into two (2) parts along 
the mold lTneSj, refit the sections around the last to insure that the 
cut edges meet each ot^er and that the proper size dimensions have 
been achieved» 

2_. Outsole - Cut out the outsole from the boot and use the 
last bottom psttern as a measurement device to insure that the proper size 

yf 

7- 

■A 

dimensions have be«n achieved. The maximum tolerance shall npt exceed 
■NJ% at «ny point on the upper section and outsole. A description of the 
points at which the thickness measurements are to be made is as follows: 

upper Section 

Measurement points 1, 2, 3, 4, 5 and 6 are all located at the top edge of 
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1 
the boot« Feints 1 «uu 2 arc located on each side of the front mold 
parting line. Points 3 and k are located on each side of ths rear mold 
parting lire. Points 5 and 6 arc; located on each aide midway between 
the front and rear mold parting line. 

Measurement points 7,8,9,10,11, and 12 are exactly in the same 
position relative to the mold parting lines as those in the paragraph above 
except that they are located on a line parallel to the top edge of the 
boot and 6 inches down from the top edge of the boot. 

Measurement points number 13 and lU are located on each side of the 
rear mold parting line approximately nine inches down from the top edge 
of the boot. 

Measurement points number 15 and 16 are located 7 inches from the bottear 
of the outsole measured as a girthing measurement from the toe along the 
front and to each side of the mold parting line. 

Measurement points 17 and 18 are approximately k% inches on each 
side of points 15 and 16 on a line from the mold parting line to the 

[ outsole. 
I 

Measurement points 19 and 20 are located 3 inches from tie bottom of the 
outsole measured from toe on each side of the front mold parting line. 

Mon.-ur. ment points 21 and 22 are located 3 inches on each side of 
point:; 19 auu 20,  on a line from the mold parting line to the outsole. 
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1 
TABLE XXIII 

SOCKLINING PHYSICAL PROPERTY REQUIREMENTS 

Physical Property        Federal Test Method        Socklining 

Adhesion ibs/2 inch 
(Wales direction) 

Tear grams 
(Wales direction) 

Federal Test Method 
Standard No. 191 

Method 5950 

Method 5132 

2.0 Min 

2400 Min 

Insulation Thickness 
Range - ■ Inches 

.100 - .200 

.500 - .700 

.wo - .600 

.500 - .700 

.600 - ,800 

.600 - .800 

.700 - .900 

.700 ■• .900 

MEASUREMENT POINT THICKNESSES 

Point Number 

1,2,3,1,5,6 
7,8,9,10 
11, 12* 
13, 14 
15, 16 
17, 18 
19, 20 
21, 22 

*Points 11 and 12 are located down from points 5 and 6. 

Outsole 

Cut the outsole into two parts in the length direction along the center 
line of the outsole. The following measurements are to be made one inch 
in from each side of the center line: 

Heel 1,750 - 1.850 inches thick includes cleat 
Ball 1.000 - 1.100 inches thick includes cleat 
Arch .750 - .850 inches thick includes no cleat 
Cleat .200 - .300 inches thick 

Since existing laboratory solid rubber abrasior tests are not 
capable- of properly evaluating abrasion characteristics of cellular 
materials no abrasion test was specified.  Limited w»ar tests will 
be used in an attempt to establish a relationship between physical 
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propartiaa and actual wear character! ntif-i. 

It la racognitad that thaaa tentative physical pror-  as ara 
baaad upon limitad data and tha fabrication of small qu& ities of 
axparimantal boots. Thase tantative requirementa will bt used aa 
guidelines until large enough quantities of boots have been fab- 
ricated in a pilot plant or semi-works production facility using 
closely controlled processing techniques and semi-automated production 
procedures. The fabrication of large quantities of boots will permit 
more «xtansive physical testing and evaluation of all aspects of the 
produced footwear resulting in the achievement of optimum performance 
requirements. 

H. Production of Footwear 

The developed laboratory procedures have been used to design a semi- 
works production facility in which the metering and mixing of materials 
is automatic, and the spraying of the molded boot is automated. The 
development and installation of this semi-works facility provide th« 
elements for the final step which would be the installation of a 
commercial plant for full scale production of lightweight insulated 
footwear. The semi-works facility based upon the initial production 
of experimental lightweight insulated footwear in sizes 8, 9, and 10 
indicater 'hat the economics and the process evolved may be satisfactory 
for the final commercialization of this new concept of lightweight 
insulated footwear, which may become a standard item for military use, 

It is recognized that during the continual evolution of the item 
to its optimum development and efficiency there may be some oha , ::. 
and modifications made to materials, design and processes. However, 
the feasibility of the concept and production of this new footwear has 
been determined co be practical and economically feasible. 

The established production techniques indicate that the process 
developed and the types of formulations being used allow the required 
flexibility to make desired changes in physical properties and or 
design. 

The development of the lightweight insulated footwear including 
laboratory evaluation and consideration of  commercial producibili'cy 
has been completed to the point that extended durability tests under field 
conditions are necessary to confirm laboratory data, develop use concepts 
and establish final performance requirements. 
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11« Conclusions 

The data and techniques developed under this program demonstrated 
the feasibility of meeting the original goals. The resultant boots are 
lightweight, impermeable and provide protection for 2 hours inactivity at 
-20°F. The average weight of a also 10 boot is 2k to 28 ounces (approxi- 
mately 20 ounces less than the standard cold-wet boot) and the water 
absorption is less than $% by weight. In addition, the integrally cast 
technique developed significantly reduces the number of parts required, 
eliminates seams, and the need for adhesives and complex fabrication 
techniques that oould result in weak areas and possible points of failure 
in boots assembled by conventional methods. 

Insulative properties are equal to or better than the standard (black) 
insulated boot for cold-wet use and show no significant change in insulation 
after wear. The results of the initial production of lightweight insulated 
footwear indicate that the economics and processes evolved may be satis- 
factory for the final comneroialiiation of this new concept of lightweight 
insulated footwear. The fabrication procedures within the semi-works pro- 
duction facility are basically manual with the exception of the metering 
and mixing equipment and the automated electrostatic spray prooess for the 
application of the outer skin. 

Based upon the satisfactory completion of the Alaskan research test, to 
be conducted by the U. S. Army Test and Evaluation Command during the winter 
of 1973-7U, it is planned to obtain necessary funds to assist industry in 
establishing a completely automated large-scale production capability to 
mase produce the newly-developed cold-leather insulated boot. 
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12. Summary 

The boots developed under thii program may b« oonaidarad the first 
ganaration in a naw concapt of lightwaight insulatad military footwear. 
The results of matariala research studies, design development, and the 
establishment of processing techniques demonstrated that lightweight 
insulated footwear may be produced by integrally casting and expanding 
liquid polyurethane systems. 

Completed performance studies and sectional copper foot calorimeter 
data indicate that the required thermal insulation properties have 
been achieved. 

Maximum weight reduction of insulated footwear produced in a pull-on 
type construction, while retaining other required properties, was achieved 
by the use of the integrally cast technique. 

A reduction .to practice of the concept of integrally cast expanded 
polyurethane footwear was achieved. 

Tentative physical property requirements were prepared. 

Production procedures were established, and a semi-works production 
factility was designed and put into operation. 
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APPENDIX A 

FORMULATIONS AND PHYSICAL PROPERTIES OF BOOT COMPONENTS 

COMPOSITION (PHR) 0UTS0LE UPPER 

100 

OUTER SKIN 

Vibrathane B-602 100 .. 

Vibrathane B-605 - - 100 
Santicizer S-140 25 25 40 
XPDH 4 4 3.8 
Santicizer S-160 4 4 - 
SF-1079 Silicons 2 2 - 
Nitrcsan 0.7 7 - 
US-15N 0.7 3 - 
30141 Black 2.1 - 5 
Toluene - - 200 
THF a» - 51.2 

PHYSICAL PROPERTIES 

33 12 100% Modulus (PSI) 360 
300% Modulus (PSI) 138 47 800 
Elongation (%) 550 440 570 
Tensile Strength (PSI) 290 65 2840 
Split Tear (PPI) 5 2 22 
Die C Tear (PPI) - - 320 
Density (lbs/cu. ft) 28 12 - 
25% Compression Deflec- 

tion 
@70° F(PSI) 33.8 5.5 - 
@-20°F(PSI) 45.0 13 - 

50% compression Set 
After 22 Hrs @1S8°F 25 68 - 
After 22 Hrs @70°F 8 6' - 

25% Compression Set 
After 22 Hrs @-20°F 
Reading after 10 sec. 100 96.4 - 
Reading after 30 min. 92.5 94.2 - 

NBS abrasion 22 - - 

Torsional Stiffness 

T2 
T5 
T10 
T100 

+9°F 
-390F 
-67°F 
-100°F 
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APPENDIX B 

BOOT #  IC-312 - Chemical and Physical Property Description 

Integrally Cast, No Shank 
Prototype A, Modification 1 

Seek Weight 17 grams 
Outsole Weight 310 grams, 
Upper Insulation Weight 153 grams 
Skin Weight 36 grams 

Overall Weight        18.2 oz. 

Insulation Thickness - Mils 

Upper Side Front        Back 

Top 70 180 180 
Ankle 180 «+50 300 
Heel - - 370 
Instep 360 500 - 
Toe 500 500 

Outsole 

Heel 1200 
Arch 550 
Ball 780 

Compounds Used: 
Socklining - Solid 

PHR 

Skin 
Royiar A 850 100 

Outsole 

Vibrathane B-602 100 
1570 Black .3 
SF-1079 Sllloone 2.0 
Methylene Chloride 11.0 
M-Phenylenediamine «4.0 
Santicizer S-160 «4.0 

Upper Insulation 
Vibrathane B-602 100 
1570 Black .3 
SF-1079 Silicone 2.0 
Nitrosan Dispersion 10.0 
MOCA 9.0 
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APPENDIX B (Cont'd) 

BOOT iHlC-312 Chemical and Physical Proparty Dtaoription 

Outar SKin 

Vibrathane B-602 100 
Nitrocellulose Black 2 
M-Phenylenediamine i* 

Physical Properties 

Sock Lining 

Tensile Modulus @ 100% 1200 psi 
Tensile 6500 psi 
Elongation 550% 
Tear, Die C 700 ppi 
Tear, Split 400 ppi 

Outsole 

Denaity 28 pcf 
Compressibility 45 pai 
Compression Set 20% 
NBS Abrasion 225 
Water Absorption 1.2% 

Upper Insulation 

Density 8 pcf 
Compressibility 3 psi 
Compression Set 25% 

Skin 

Tensile Modulus 100% 500 psi 
Tensile 7200 psi 
Elongation 53C% 
Tear Did C «t70 ppi 
Tear, Split 80 ppi 
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APJBHDDC C 

RBPCRT OF CLIMATIC CHAMBER TggTg OF AKT1C BOgW 

by John N. Lockhart 

Chamber Condition»: 8ubjectu were exposed to a -30°F. temperature and 5 mph 
wind condition for approximately 2 hours and 25 minutes. 

Number of Subjects: 51 subjects were exposed to the chamber condition. 
20 subjects wore the Standard White Artie boot and 31 subjects wore the 
Prototype Black boot. Since subjects were removed from the chamber when 
their hand skin temperature reached or dropped below 39°F, data analysis was 
completed using only those subjects who ware exposed for the entire session. 
Of these subjects, 15 subjects wore the Standard White Arctic boot and 22 
subjects wore the Prototype Black boot. 

Activity of Subjects: Immediately upon entering the test chamber, all subjects 
performed manual tasks while standing at a table for approximately 25 minutes. 
After this test period, the subjects walked on a treadmill at the rate of 
about 2.5 mph for 35 minutes. After the first treadmill period, the subjects 
performed for a second test period, then a second treadmill period and 
finally a third test period before leaving the chamber. 

Measures: Surface temperatures were recorded throughout the exposure 
condition from the big toe of both feet and from the instep of the left foot. 
The thermocouples on the big toes were placed Just below the base of both 
nails. After leaving the chambers, but before undressing, all subjects 
filled out a questionnaire concerning foot comfort and thermal sensation. 

Results: The questionnaire responses for all test subjects who completed the 
exposure condition are presented in Table 1. The numbers in Table 1 represent 
the number of subjects who assigned that particular rating to the boots they 
were wearing. Responses to question 3 were not analysed. Analyse3 of variance 
of responses to questions 1 and 2 showed no significant differences between 
boots. However, the trend was for ehe Standard boot to be rated as more 
comfortable and warmer than the Prototype boot. 
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TabIt 1. Questionnaire Data 

Boot Type 

Standard   Prototype 

1. Under these environmental condition», 
my feet were: 

a. very comfortable 
b. comfortable 
Ö. fairly comfortable 
d. neither comfortable nor uncomfortable 
e. somewhat uncomfortable 
f. ui comfortable 
g. very uncomfortable 

2« My feet were: 

a. very cold 
b. cold 
c. cool 
d. about the right temperature 
e. warm 
f. hot 
g. very hot 

3.    The amount of frost forming inside either boot was: 

a. none 
b. a little 
c. some 
d. a lot 

9 5 
3 8 
2 6 
0 0 
0 2 
1 1 
0 0 

0 0 
1 3 
1 3 
6 12 
7 H 
0 0 
0 0 

13 18 
1 3 
0 0 
1 0 
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The skin temperature data used ware those readings obtained from the 
right big toe. left big toe, and left instep of the subjects. The test 
periods during **dch subjects performed manual tasks «ere analysed sep- 
arately from those periods during which they walked on the treadmill. 
One temperature reading was obtained for each subject at the beginning 
of «ach of these periods and another at the end. The number of complete 
temperature records obtained from subjects weiring the Standard boots 
and those wearing the Prototype boots differed for each analysis. The 
loss of some temperature data was due to broken thermocouples. The over- 
all mean surface temperatures for each boot -type for each analysis and 
the number of subjects in each analysis are presented in Table 2. The 
effect of boot type an skin temperature was significant only in the 
analysis of the instep surface temperature for both the test and tread- 
mill sessions. A higher instep temperature was found tor the Standard 

( boot than for the Prototyps boot. 

Table 2. Overall Moan Surface Foot Temperature for Two Boot 
Types During Bcposure to -30°F., $ mph wind "audition. 

Activity Session Number of 
Subjects  Test 

10    81.3 
(NS) 

13    78.6 

8    77.6 
(HS) 

16     80.0 

Recording  Number of 
Site     Subjects Treadmill 

Right Big Toe 

Standard 

Prototype 

11 

12 

82 .U 
(HS) 

79.3 

Left Big Toe 

Standard 

Prototype 

9 

17 

77.7 
(HS) 

78.6 

Left Instep 

Standard 

Prototype 

12 

19 

86.7 
(p.01) 

81.6 

11     86.8 
(p.025) 

19     83.0 

Note; p. indicates probability level for significant main effect. IS indicates 
a nonsignificant main effect. 

81* 

L 



Surface temperature at all three points dropped significantly across the three 
tttst sessions and across the two treadmill sessions, During the test session 
surface temperature at all three recording sites dropped significantly by 
the end of the session. During the treadmill sessions, surface temperature 
at all three recording sites had risen significantly by the end of the session. 
Five of six interactions between boot type and with treadmill sessions or 
test sessions were significant. The mean surface temperatures for both boot 
types across each activity session are presented in Table 3. In general, 
surface temperature at all three recording sites for the Prototype boot was 
not lower than the surface temperature for the Standard boot during the first 
test session and the first treadmill session. By the end of the last test ses- 
sion, the right big toe and left instep surface temperatures were lower for 
the Prototype boo* than for the Standard boot. Since the treadmill sessions 
served to rewarm the foot temperature at all three recording sites, it is 
assumed that the final difference found between boot type was not due 
to differences in cooling but due to differences in rewarmir.g a*" a function of 
exercise. In a conversation between the author and the developer of the 
Prototype boot, the developer mentioned a modification involving the addition 
of a snow collar to be «fWfeched to the top of the boot so that the boot may 
be tightened around the leg. It is proposed that tais modification would in- 
crease ihe rewarming capability of the boot during exercise resulting in foot 
surface temperatures very similar to those for the Standard White Arctic boot. 

Table 3. Mean Surface Temperature for Two Boot Types during -30°F., 
5 mph Wind Exposure Condition 

Surface Temperature Type of Activity 

Recording Sites Test 1 Treadmill 1 Test 2 Treadmill 2 Test 3 

Right Big Toe 

Standard 

Prototype 

84.4 

87.0 

80.8 

79.6 

78.8 
(p.025) 

69.3 

Standard 

Prototype 

84.0 

84.1 

80.8 
(p.025) 

74.5 

Left Big Toe 

Standard 

Prototype 

82.4 

87.0 

76,3 

80.8 

73.8 
(NS) 

72.0 

Standard 

Prototype 

80.3 

84.1 

75,1 
(p.05) 

73.2 
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Recording Sites    Test 1   Treadmill 1   Tent 2  Treadirill 2  Test 3 

ft Instep 

Standard 

Prototype 

88.0 

87.2 

87.0 

82.8 

85.4 
(p.005) 

78,8 

Standard 

Prototype 

87.2 

8^.3 

86.2 
(p.001) 

78.8 

Notes p. Indicates probability level for significant interaction NS indicates 
a nonsignificant interaction. 

Summary and Conclusion; A Prototype Black Cold Weather boot was compared with 
the Standard White Arctic boot during exposure to a -30°F.t 5 mph wind condition 
for approximately 2 hours and 25 minutes. Differences in subjective thermal and 
comfort evaluations across the two boot types were not significant. Foot surface 
temperature was significantly lower for the Prototype boot than for the Standard 
boot by the end of the exposure period. It is recommended that further chamber 
tests be done under more extveme temperature and windspeed conditions for longer 
periods of time using a recent modification of the Prototype boot. 
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APPENDIX D 

Letter Report of Customer Test of the Boot, Insulated, Lightweight 
by 

united States Army Arctic Test Center 
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DEPARTMENT OF THE ARMY 
UNITED STATES ARMY ARCTIC TEST CENTER 

APO StATTLt   307SS 

STEAC-MT-ENI 5 May 1971 

SUBJECT:    Letter Report of Customer Test of the Boot,  Insulated, Light- 
weight,  ÜSATECOM Project No,  8-EI-485-000-02T? 

Commanding General 
U.   S,  Army Natick Laboratories 
ATTN:    AHXRE-CE 
Natick, Massachusetts      01760 

1. References; 

a. Letter, AMXRE-CE, Natick Laboratories, 12 January 1971, sub- 
ject: Request for Engineering Design Test Boot, Insulated, Light- 
weight. 

b. Letter, AMSTE-BC, USATECOM, 21 January 1971, subject: Cus- 
tomer Test/Support Directive: Engineering Design Test of Boot, In- 
sulated, Lightweight. 

c. Final Report» Research Test of Lightweight Insulated Boot 
Under Arctic Winter Conditions, USATECOM Project No. 8-7-6007-01, 
dated 31 May 1968. 

2. Background: 

a. Materials Research conducted by NLABS resulted in the devel- 
opment of a lightweight material with high insulatlve properties. 
In order to assess this material and gain experience in its use, a 
Research Test (reference lc) was conducted at USAATC on prototype foot- 
wear fabricated with the new material. 

b. As a result of the experienced gained in the Researcn Test 
and additional laboratory studies, NLABS has developed a second proto- 
type, lightweight, insulated boot designed for use in the same cli- 
matic range as the current Standard Boot, Insulated, Cold Weather, 
Man's, Rubber, Black. 
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STEAC-MT-ENI 5 t*y X971 
SUBJECT:    Utter Report of CuitoMr Test of the Boot, Insulat*!, Light- 

weight, USATECOM Project No. 8-EI-485-000-0y? 

c.    It was requested that a limited Engineering Design Teat be 
conducted on 12 pairs of these experimental lightweight Insulated 
boots. 

3. Test Objective: 

The objective of this test was limited to the evaluation of the 
effects of wear by Arctic Test Center personnel as they conducted 
normal outdoor testing activities. 

4. Method: 

a. Twelve pairs of boots, all size 10R, arrived at the Arctic 
Test Center 8 February 1971 from Natick Laboratories. The boots were 
visually inspected for any defects and ware weighed and measured. 

b. The boots were issued to 12 personnel involved in testing and 
duty soldier activities in an arctic environment. These participants 
stated that the fit of the boot felt normal and volunteered to test 
the boot. Their foot sizea ranged from 8EEE to 11 1/2E as measured 
with the Foot Measuring Device, Mens', Both Feet Simultaneously, FSN: 
8335-267-2965. 

c. The test was conducted over a 68-day period. Each day the 
boots were worn, a questionnaire was completed (inclosure 1). Testing 
was conducted in temperatures renglng from -47°F to above freecing 
(inclosure 2) in terrain and weather typical of thet encountered in 
an arctic environment. 

d. In an effort to reduce heat loss and preclude enow entering 
the boot as a result of the open top design, e modification was suggested 
and approved by Dr. Malcom Henry of Natick Laboratories. The modifi- 
cation was applied at this Center and consisted of a folded piece of 
7.25-ounce water repellent nylon duck 5.5 inches high sewed to the boot 
upper with a drawstring to snug the boot down around the calf of the 
leg. 

e. During early April, the temperature at the Arctic Test Center 
rose to ebove freezing and permission was requested and received from 
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STEAC-MT-ENI 5 May 1971 
SUBJECT: Letter Report of Cuatome» Tent of the Boot, Insulated, Light- 

weight, USATECOM Project No. 8-EI-485-000-02T3 

Mr. Tom Dee of the Infantry Directorate at USATECOM to terminate the 
test as of 16 April 1971. The detailed results of test and the test 
boots are being forwarded to Natick Laboratories by separate corre- 
spondence. 

5.  Summary of Results: 

a.  Results of the Preoperstioncl Inspection: 

Left 

Average height from heel to top of boot 10.79 in. 
Average length from toe to hael 12.16 in. 
Average width of boot at widest point A.93 in. 
Average tread depth of sola 0.201 in. 
Average tread depth of heel 0,257 in. 
Average weight of boot 1 lb, 8 oz. 

Right 

10.76 in. 
12.15 in. 
4.89 in. 
0.265 in. 
0.270 in. 

1 lb. 7.5 oz. 

b. Effects ot Wear by VSAATC Personnel: 

(1) Donning and Doffing, Eleven of the twelve test participants 
stated that donning and doffing presented no difficulties. Difficulties 
were reported by one individual whose feet measured 11 1/2E, 

(2) Traction, Six of the twelve tea* participants stated that 
the boot did not, at one time or another, provide adequate traction 
when walking on melting ice, 

(3) Boot Damage Discovered at the Completion of Testing (the 
term "cut" is used to indicate a long cut, tear, or crack in the boot). 

Boot No- 

Tl 

T2 

Left 

No damage. 

Two-inch cut across top of toe 
approximately 1/8-inch deep. 
Cause: Unknown. 

One-inch cut along left side 
approximately 1/4-inch deep. 
Cause: Snagged on an object 
while walking. 

MÜH 
No damage. 

One-half inch punc- 
ture on right side, 
approximately 1/4-inch 
deep. Cause: Recovering 
from hole covered with 
snow approximately 3 feet 
deep. 
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STEAC-MT-ENI 5 Hay 1971 
SUBJECT:    Letter Report of Customer Test of the Boot, Insulates", Light- 

weight, USATECOM Project No.  8-EI-485-000-0#j* 

Boot No. Left 

Two-inch cut along left side 
of heel approximately 1/8-inch 
deep. Cause: Unknown. 

One-inch cut on the heel 
approximately 1/8-inch deep. 
Cause: Unknown. 

Right 

T3 One-fourth-inch cut on heel 
approximately 1/8-inch deep. 
Cause:    Unknown. 

One-fourth-inch punc- 
ture on to« approximately 
1/4-inch deep.    Cause: 
Unknown. 

L 

One-inch cut on heel 
approximately 1/4-inch 
deep.    Cause:    Unknown. 

T4 No damage. Ons-half-inch puncture 
on left side approximately 
1/4-inch deep.    Cause: 
Unknown. 

T5 

T6 

No damage» 

One and one-half-inch cut 
on heel approximately 1/8- 
inch deep. Cause: Unknown. 

No damage. 

One-half-inch cut on heel 
approximately 1/8-inch 
deep. Cause: Unknown. 

T7 

T8 

No damage. 

Several lugs on center sole 
missing. Possible cause: 
extensive vehicle operation. 

No damage. 

One-fourth-inch puncture 
on left side approximately 
1/8-inch deep. Cause: 
Unknown. 
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STEAC-MT-ENI 5 M*y 1971 
SUBJECT:    Letter Report of Customer Test of the Boot, Insuletsd, Light- 

weight, USATECOM Project No,  8-EI-485-000-0y J 

Boot No. Left Right 

T9        One-half-inch puncture on left  Two» inch cut on heel 
side approximately 1/8-inch     approximately 1/8-inch 
deep. One-half-inch puncture   deep. Cause: Unknown, 
on toe approximately 1/4-inch 
deep. 

One-fourth inch cut on heel 
approximately 1/8-inch deep. 

One-fourth-inch cut on left 
side of heel. Causes:  Unknown. 

T10       No damage. No damage. 

Til       No damage. No damage. 

(4) Effect of Petroleum Products (Gasoline, Diesel, Solvent, 
Antifreeze, Motor Oil, and Grease),  Six te3t participants reported 
instances of petroleum product spillage on the boots. No damage re- 
sulted. 

(5) Difficulties in Operating Vehicles, Aircraft, and Equipment. 
No problems due to bulkiness, manipulation of clutch pedals, brakes, 
etc., were reported. 

(6) Compatibility with Military Skis and Snowahoes: 

(a) One test participant, foot size 10D, experienced in snow- 
shoeing, wore the boots while fitted with the U. S. Army Wooden "Tx»il" 
snowshoe and reported no difficulty, 

(b) One proficient skier, foot size 11EE, fitted with the current 
Standard A cross-country ski, resorted that the test boot offers less 
ankle support than the White Vapor Barrier boot or the Mountain and 
Ski boot.  It was also reported that excessive heel lift occurred when 
lunging forward as in a "one step" ski movement. 
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STEAC-MT-ENI 5 May 1971 
SUBJECT!    Letter Report of Customer Test of the Boot» Insulated, Light- 

weight, USATECOM Project Nc.  8-EI-485-000-02/3 

(7) Insulative Value: 

(a) Two test participants reported Instances where their feet 
got cold. All instances reported were prior to the addition of the 
gauntlet to the boot. 

(b) The circumstances were as follows: 

Participant Number 1 

Foot Size  Ambient Temperature  Exposure Activity 

11 1/2E     -15°F to -30°F     2 hours  Vehicle test officer Csuper- 
visory) 

-25JF 4 hours Vehicle test officer (super- 
visory) 

-47°F 3 hours Vehicle teet officer (super- 
visory) 

-0°F to -20°F     3 hours  Passenger in UH1 helicopter 

Participant Number 2 

Foot Size  Ambient Temperature  Exposure Activity 

11EE       -27°F to -43°F     2 1/2    Marching. Snow got inside 
hours    boot top and had to be re- 

moved because of cold. 

(8) Support and Balance. The two particpants in paragraph (7) 
ab >ve. reported difficulties with support and balance.  The one with 
size 11EE reported these difficulties only while skiing. 

(9) Tread Wear; 

a. Average tread depths before and after test period were as follows: 

Left Right 

Before    After    Wear     Before    After    Wear 

Sole  .201 in,  ,183 in.  „014 in,  .265 in,  .239 in.  .026 in. 
Heel   .257 in.   .247 in,  ,010 in.   .270 in.  .255 in.  .015 in. 
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STEAC-MT-ENI 5 May 1971 
SUBJECT:    Letter Report of Customer Teat of the Boot,  Inaulated, Light" 

weight, USATECOM Project No.  8-EI-485-000-02*'^ 

(b) Average wear - .018 inches or approximately 1/64-inch. 

(c) The instrument ved to measure tread depths was designed for 
use on a flat metal surface.    It is probable that some error was in- 
troduced because of the flexibility of the sole and the rounded, worn 
lugs on the sole» 

(10)    Comfort.    Comfort data could not be analyzed because of the 
large number of test participants whose foot size did not correspond 
to the boot size, 

6. Conclusion: 

No substantial conclusions can be drawn due to the limited sample 
size and short test period» It is the opinion of this Center that the 
test item is not as durable as the Standard White Vapor Barrier Boot. 

7, Recommendation: 

It is recommended that the boot, with gauntlet and improvements 
in durability, be tested in a more extensive Engineer Design Test using 
an adequate sample of p'-operly fitted soldiers in an arctic winter field 
environment of 6 months duration» 

FOR THE COMMANDER: 

2 In=ls R\ E„ CHILDS, JF 
as CPT, AGC 

Adjutant 

Copies furnished 
CG, USATECOM, ATTN:  AMSTE-BC» APG» MD  21005 
CG, USATECOM, ATTN:  USACDC LnO, APG, MD  21005 
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A.   h,./; UUJTA3:L;TY-COMPATXBILXTY ra 

U. S. ARMY AiCTiC TBST CENTER 
APO IIATTU  98733 

BOOT SUITABILITY-COMPATIBILITY FORM 

GENERAL: The test participant will complete this form at the eivl of »ach teat 
day. 

(MI) (NAME)   (LAST)        (FIRST) 

1. Which boot did you wear: 

Boot No. 

I wore pair(s) of 
(number) (type) 

2. What was the outdoor temperature range? 

(DATS) 

socka. 

•F to 

3. Describe in detail your activities while wearing the test booti 

4.  Were the boots comforteble?^ 

If no, explain  

Yes No 

I encountered  th« following difficulties! £jNone 

CZ3 Stif» [  JToo Cold f rj Failure to hold binding 

LZ] Loose 1   ,JTight. £^J Difficulty in mounting 

LJ Too warm ^JMobility |—J Boot got wet  inside 

|    | B^cfuse of: 

\    j Perspiration   LjSnow,   ice LJ Water 

STFAC-WT-E* Form 311 
f. Oct  TO (oa*  tire) 

Tad T 
tf 



Explain how «now, ice, or water got in the boot 

6.a.  I wore the test boot in or on (vehicle) for hours (acd did what?) 

f: 

t. -* Foot comfort 

Dother  

6.b.    I encountered difficulty in: 

LmJ Mounting and dismounting 

f"f Leg and foot room 

7. Did you have eny problem donning or doffing the boot?       I „I Yes       CD«o 

What type glove did you have on? 

8. Answer Yes or No: 

a. Did the boot give good support? . 

b. Did the boot give good balance? . 

c. Did the boot provide good traction while walking on melting lce?_ 

d. Was the boot comfortable while traversing mountainous teirain?__ 

If no, explain ___________________«____„_____ 

e.  Did the boot slip at the heel? 

f.  Does the boot need a "takeup" strap at the top? at the ankle? 

g.  Were any petroleum products spilled on the boots?_ 

9.  The boot sustained damage (location, how, how much, and effect) 

Was the damaged boot able to provide adequate insulation? \*J Yes L—/No 

10.  Examination of your feet revealed? 

11.  If you were subjected to sustained combat in temperatures of -20°F and above, 
which boot would you prefer to weav.»  White VB Boot  Test Boot. 

Why?__ 

I have the following comments: 
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APPENDIX £ 

LeU r cort ■ i' Lvu-uation of Boot, Lightweight, Insulated, 
Wellington Style 

Headquarters, United States Arny, Alaska 
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DEPARTMENT OF THE ARMY 
HEADQUARTERS. UNITED STATES ARMY. ALASKA 

APO WATTLE   »■'< «0 

ARACD I7JUK t971 

SUBJECT: Report of Evaluation, Boot Lightweight Insulated, Wellington 
Style 

Commanding General 
US Army Natick Laboratories 
ATTN: AMXRE-CCP 
Natick, Massachusetts 01760 

The evaluation report, subject above, is forwarded for your information 
and necessary action. Please note this report is in six parts: Parts 
I and II developed by Company 0, 75th Infantry (Arctic Rangers), Parts 
III and IV developed by the 19th Aviation Battalion and Parts V and VI 
contain the overall conclusions and recommendations. 

FOR THE COMMANDER: 

1 Incl 
as C H. PASKE, III 

1LT, AGC 
last Adjutant General 
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i-lja-ilMlfWH." .Will "•"I 

LIGHTWEIGHT INSULATED BOOT EVALUATION REPORT 
Co 0, 75th Infantry (Arctic Rangers) 

I 

General Data 

1. The experimental boot was worn by the same five men during the test 
period and encompassed ?  total time of wear of 20 days per pair during 
the months of February, March and April 1971. 

2. Each man wore a size 10 as his normal boot size. 

3. Boots were worn with one pair of cushion sole socks. 

4. Temperature ranges varied from *20*F to -50"F. 

5. Boots were modified early in the evaluation to include the addition 
of a three to four inch cuff on the top capable of being closed with a 
Velcro fastener to preclude entry of snow into the boot. 

II 

Remarks 

1. Boots were utilized in skiing, seven miles per person, and no 
difficulties were noted when utilizing the current standard A all 
terrain binding; however, with the advent of the cable binding a pro- 
trusion is needed on the heel to prevent the cable binding from slipping 
off. Ncte: A protrusion on the heel or a groove in the heel approx- 
imately 3/8" to 1/2" wide and 3/8" deep is required for use with the 
cable binding; however, a decision as to which (protrusion or groove) 
should not be made until boots incorporating these features have been 
evaluated. 

2. Boots were utilized in snow^hoeing a distance of four miles per 
person. No difficulties were noted. 

3. Boots were utilized in walking a distance of four consecutive miles 
per person. No difficulties were noted. 

4. Boots were utilized in 11 paradrops per person. No difficulties 
were encountered. 

INCL 1 
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5. No boot damage or evidence of wear was noted. 

6. The support of foot provided by the boot is excellent, 

7. The weight of the boot is a definite advantage over that of the 
Vapor Barrier boot. 

8. No slipping up and down was noted while walking, skiing or snow- 
shoeing. 

9. The ease of donning and doffing is a definite advantage over the Vapor 
Barrier boot. 

10. The addition of the cuff is indispensable in keeping snow out of the 
boot; however, a drawstring closure may be more desirable than Velcro. 

11. The lowest temperature \x.  whicn the feet remain warm (moving and 
standing) was -20"F. 

12. At -40VF one man's feet became numb. At -50"F one man experienced 
first degree frostbite after standing for a period of approximately one 
and one half hours. 

19th Aviation Battalion 

III 

General Data 

1. The experimental boot used by elements of the 19th Aviation Battalion 
stationed at Fort Wainwright, Alaska was evaluated prinarily against 
compatibility for use with aircraft flight controls; i.e., rudder pedals 
and brakes. 

2. Three pair of boots were provided to the 19th Aviation Battalion. 

3. The boots provided to the 19th Aviation Battalion were rotated among 
aircrewmen that wore a size 10 as their normal boot size. 

IV 

Remarks 

1. The boots are light and comfortable with the exception of tightness 
across the instep. 

2. The feelings and sensations required to manipulate aircraft con- 
trols W«TO far superior to the VB boot; he -ever, the Air Force mukluks 
were still rated over the test boots. 
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3. Each person tested reported that their feet prespired more with 
the arctic test boots than with VB boots or Air Force mukiuks. 

4. The boot presented no problems walking but was rather stiff when in 
a sitting position manipulating aircraft controls. 

5. The modification adding the extension to the top of the boot improved 
the boot from its original configuration; however, a drawstring to tighten 
the extension around the leg should be added to close the top to prevent 
heat loss or deep snow from entering. 

6. The construction of the boot appears to be some type of sponge rubber 
with a latex or composition overspray. A general question was "If the 
outer layer is punctured, would the sponge layer underneath soak up 
moisture accordingly?" 

7. Overall the Test Boot was rated superior to the VB boot in relation 
to flying activities. Of all aviators subjected to the test each one 
preferred the Air Force mukiuks for flexibility, warmth and comfort 
over the Test Boot. 

Overall Conclusions/Recommendations 

V 

Conclusions 

1. The test boot offers a significant weight reduction over the standard 
Vapor Barrier boot. 

2. The ease of donning and doffing :'s a distinct advantage. 

3. The boots are compatible for use in walking, snowshoeing, the execution 
of paradrops and skiing; however, for skiing should, as previously stated, 
be modified to accept a cable type ski binding. 

4. Lowest temperature worn with total comfort walking and standing, -20"F, 
is suspect. There may have been a sizing problem, although all test 
subjects allegedly wore a size 10 as their normal size, plus the fact 
that other persons not involved in the evaluation have worn the boots at 
-30"F to -40¥F without discomfort. 

5. A cuff on the top of the boot with a means of closing is required to 
prevent the entry of snow. 
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6. The boots are suitable for use by aircrewmen; however, are not the 
preferred item. 

7. The boot is tight across the instep. 

VI 

Recommendations 

1. The program be continued. 

2. A varfety of sizes be provided. 

3. The heei be modified by the addition of a protrusion or groove to 
accejt a cable type ski binding. Prototypes should be designed (not on 
the s^une pair of boots) incorporating these features and after test the 
decision be made as to the most desirable modification. 

4. The boot be modified by the addition of a three to four inch cuff 
with a drawstring closing device to preclude the entry of snow. 

5. Instep be slightly enlarged; however, not to the extent that heel 
slippage will occur. 
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APPENÖIX F 

Taut Methoda Uiad in Peteraining Physioal Propartiei 

Test 

Tensile, Modulus % Elongation 

Compression Deflection 25% 

Compression Set 50% 

Water Absorption: 

Vacuum Method 

Torsional Stiffness Test 

Die B Tear 

Shore A Hardness 

Thickness 

Die C Tear 

Abrasion Index 

Space Density 

Water Absorption 
6 inch head 

Mtthod 

ASTM-D-412-66 

ASTM-D-1056-67T 

ASTM-D-1D56-67T 

ASTM-D-1056-67T 

ASTM-D-1053-65 

ASTM-D-52»*-5«* 

ASTM-D-22W-6»*? 

ASTM-D-10Ü6-67T 

ASTM-D-62«f-5U 

ASTM-D-1630-61 

By water displacement 

Federal Std, No 601 Method 12H11 
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