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I*'OREWORD

crwpntrwents necessitate increasing the mobility of the combat
widing him with maximum environmental protection. The

sparties and thermal adequacy of the standard black insulated
use have been validated by actual field exmerience. These
achievad at the expense of weight (each boot weighs between
22 *n relerence to energy consumption of the combat soldier,
.rdica*e that one ounce of welght carried on the foot is equivalent
e cuviens zarriacd on the back of the combat soldier (two LO-ounce boots
e, wwalant Lo 30 pounds). In view of this information, the development

2 » zoncept for producing lightweight insulated footwear, while retain-
g cthor required physical properties, becomes essential.

e

report swmeardizes the work performed in the development of durable,
Tizxitlio; iipghtwelight, dinsulated footwear in a pull-on type construction
welpoanz approxinsteiy 24 ounces per boot in size 9 with insulation suffi-
L e provide protechion for 2 hours inactivity at -20°F. Under the
wvizion of tha author as Project Officer, materials research studies,
Looment of production procedures and the production of prototype light-
wnigit insulated boots by the integrally cast technique were performed by
Tnireyal,Inc. In addition, sectional calorimeter copper foot studies,
vitmetic chamber evaluation and determination of physical property character-
Leiing were carried vub at U. S. Army Natick Laboratories and limited research

* fia YA &

fr121d tests wers conducted in Alaska, all under the monitorship of the

2 U1
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FINAL DEVEILOPMENT OF LIGHIWEIGHT
(OOLD-WET) INSULATED FOOTWEAR

1. Introd.ction

Proviously completed materials research studies, processing techniques
and febrication of a limited number of experimental lightweight irsulated
footwear exceeded initially established goals and iniicated that it is
possible to provide significantly lighter weight insulated 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
L4O-LL ounces per boot. In reference to energy consumption of the combut
soldier, studies indicate that one ounce of welght carried on the foot is
equivalent to 6 ouncas carried on the back of the combat soldier (two 40-

ounce boots are equivalent to 30 pounds).

The data previously developed both in-house(1) and uncer contract, 2,3)
vhich included the development of formulations, processing techniques, mold
design, footwear design, actual production of prototype footwear including
materials evaluation,and laboratory and limiled 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 coverad 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 oot was conceived during
World War II. The remultant development of design and fabrication methods
saw the production of insulated footwear for use in the Korean War. Fecr the
first tims, E soldier's feet wera protected from cold injuries under zold-we!
conditions. (4)

The results of continual modifications and improvements in materials,
design and fabrication teciniquas since th9 Korean War are evidenced in the
development of specification “equirements (5) for an insulsted boot for cold-
wet use. This boot was designed to protect feet frox cold injury and frost~
bite in areas where moisture and cold are critical factors, where the mean
monthly temperaiure ranges betwean 14°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°F) have been validated
by actual field experience. These properties were achieved at the expense
of bulk and weight -~ each boot weighs LO-Ll ounces.
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d. Improve traction of the outsole.

6, Kesp at & minimum the compression set of low density materials.

f. Develcp the optimum overall it that can be achieved with the
pull-on type concept.

g- Reduce slippage at the heel and improve donning and doffing
characteristics.

h. Finali'a processing and fabrication techniques.

i. Develop production procedures.

Jo Improve appearance.
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L. Materials and Design Studies

Polyurethane compounds for use in producing the various components of
lightweight insulated footwesr (outerskin, upper insulation, outsovle) were
Jdeveloped (see Appendix A for formulation and test data that exhibit the
best averago 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 varicus combinations of polyurethane prepolymers,ex- 3
1 panding and curing agents, and plasticizers have resulted in achieving 1
F compound properties as followss ;

(1) Sprayed Outer Skin

Compounding studies resuited in the development of a low modulus
polyurethane skin compound that will allow some stretch in the finished
boot when it is donned and doffed at service temperatures down to -20°F,
The compound possesses good tear and tensile rroperties that should result
in a durable puncture resistant skin.

(2) Upper Insulation

A1l of the selected desirable compounds obtained from the evalua-
tion of the outer skin formulations served as a starting point for the prep-
araticn of an adequatc foam insulation compound. Compounding studies
resulted in the dsvelopment of an insulating material (approximately 13 1b/ft”"
containing approximately 90% closed cells that should provide the required
overall physical characteristics including low temperature properties.
Contro. of cell size and compound shrinkage was achieved.
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(3) Oueais

'..:. polyuretiane outsolé compound prvs'nuus;y developal sea metny
1eme chieyids as the aspanding agen'l. The cutscle prodaced prowidsld sws
ghragion riesisbarca: however, tha sois was rconsidersd Lo bs griff amd =4 o
temperatios they trastion was r.ot considersd adaquate. During W ounosle

compownding stidles, ritrogen was substita el for methylane bl (LR
vicwing agant, Nitrogan was selested since it allaws . 6"'—0"""‘1.. o KOS ST
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sumaiting in the formation of a siricture ::r'-ammg 5 greatar r'.mihe*-v e
sLrzed mells ovor that of other blowing Lagant A Tow me dul ekl
smreaed witk 4 da*'sﬁy of 25-28 bs/ﬁ« Was r3.c~"~1\ pe-l.. An ,c A
from this compound bad imprived low famperatwre fyopsar c':} Bl PTONLAE

Lot bzm dxgadien but vith reduced abrasion registance
sandested on outasies produced from this compound.

Ty 2us2le Waar Tast
z.ra wear shava:veristdces of the o:tsois and abrasicn

22t durabilivy of tne firdished boots, actual wear tests wars sonducted prior
0 initfating design s*uiles and fatrications of prototype boots,

Trrea typss »f beote wsve wear tested in smder to determite whevhe:
the new.y developed low medulus nitrogen expanded compourd wil
Taess teoots are ldsentified as follows:

{a) The staudard black (coid-wet) insula*ed beots welghing aprruximate iy

48 onwro:3 esash uwsesd as the comtrol itam.

(b) Ar existing previously develcped integraily zasw pelyurethans biack
lightwelght insulated right foot pretotype with the methylene -hloride -x-
panded solid sutarskir sole with a chevron desigr, designated as tonht IC-=312
weighing 16,2 runses. (Appendix B).

oA exps*"’rac-*&. light-ralazed Yort {left boot) wits tne newly dsw-i-

sowa 1w moduins nitrogsn sxpandsd outsile w; th Lug design.*

A 200-mils aitvaal wear test was conducted on all of the boots. The iest

utjer t wore the palr of stendard inswlated tosts over a wear course zonsist-

lxg ~f 9C% macadam pavemert and 10§ concrats pavement for 100 milas and then
repcated the wear neat nsing as a pair of boots the previoucly developed

A~

Ii-32 :" L £38 prot-type and the experimental left Yot withh the new us-
gl14, The whila poissdare was repeatad for ths sezond hundred miles., Al tie

R A rt: o X wha 200 mile wear test, the brots wore iaspe~tid wigin’ly fo
*ra «ftacts °f vear as stown i Flgira 1 and the per-snd of wear w:

2 1€ detere
mimad 1 Tavle 1,
Foi e Tha saperimental Iighteiclorad hrot (left) was prodused o2 trs same
E: s oemed polds that wers vsed 4 produse the pravdsus prototype (T6~3100
Ak gt U ha oubsvie wag cast veing tha pew nitrogen expanded - mpowund.
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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 é
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Figures 1A and 1B ghow the effects of 200 miles wear on the back of the
heels and on the outsole of the standard cold-wet insulated boote., Figures
1C and 1D show that the black IC-312 boot with the methylene chloride ex- .
panded outsole exhibits hetter wear characteristics at both the heel and |
sole areas than the light colored nitrogen expanded new outsole, However, ?
both lightweight outsoles exhibit better wear characteriscics than the out- ]
; sole on the standard cold-wet insulated boot., Based upon the results of
E the wear test, it is anticipatea 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 nver
that of the methylene chloride outsole, but with some reduction in abresion :
resistance,

it

Wear tests were conducted on the outsoles because there are no standard i
laboratory abrasion test methods that will provide an indication of the
wearing quaiities of an expanded compound in actual use, Wear tests will
contirue to be required until some type of comparative abrasion test can
be developed for cellular footwear. It should be noted that any time the
E standard (cnld-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 1 |

: 200 MILE WEAR TEST

Percent Wear*

Standard Boots Lightweight Boots
Experimental IC.3i2 %
Left  Right Left Right §
E Area |
Ball 15 15 25 10
1 heel 30 30 20 7
Cuter Edge of Heel 60 60 25 10

*Based on meazurements of hezl and of cleat height in the ball of the foot
avea, before and after wear.
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b. Design Consideration

Since the newly developed formulations for use as upper insulation
and outsr skin compounds would have some elastio 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 reduce to a minimum any
possible slippage that may ocour 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 continaing the design studies related to a pull-on type con-
strmction, a review of cloeurs design studies was conducted. During the engirear-
ing design phase of the lightweight footwear previously comrleted, 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 lightwsight, low water absorp-
tion, and adequate thermal insulation.

Slide fastener closures on the back and side of the boot, snap stesl
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 stesl closure was equ.ipped 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:i ted. The concept was that the snap-steel closurc would be kept clo.ex
through the action of the trouser leg drawstring when the tiouser legs wers
pulled down over the boot.

Zipper 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.

o e Bl T T

|
|
?
i




FIGURE 2 - CUNVEWTLOLALLY ASSENBLED BUCT WITH FCLDOVER SNAP STREL CLOSURE
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FIGURE 3 - CONVENTIONALLY ASSEMBLED BOOT WITH ZIPPER CLOSURE
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Altkough tre lusilatica valtes cttained with +his foctwear ware alsquate,
tie addiilonal weight requirsd 4o preduce a raliabls insulaied closure was
considered excessive; and boots produced with closurss of this type would
rageire somplex fabrization tachnigues. Thersfors,; 1% was determined Yo
renain witih the basic pull-on type construction witho:t built-in closures.

{2) Determination of Insu.ation Thickness

The insula*ion provided by the standard cold-wet insulated boe® ja the
cwitizal areas of the toe and heel may be comsidered margizal, and the ninimun
that can be tolerated. Therefore, the new prototypes tc be duvaloped will be
designed to provide an increase in lnsulation over that of the eurrent Shtaundard
boot. This additional insulation may alse be regiired %o uoupensate for any
#oar and compression set that may take place at the flex points of any new pro-
wotypes preduced.

In order to provide guide-lines inr determining priper insulation thick~
nagses, sectional insulating values were measured on tha ccpper foot calorimeter
(7) fer the standard beoot, and for the previously wear testad boot IC-3i2, when
rew and after the first 100 miles wear test. Based upon the data obtained, a
rigid pelyurathane mola was fabricated. This mold was used to constrict a crade
prototype beot (XP-1) with overall increased insulation thickciesses. Significart
lnsreases in thilcknesz were made in the toe, ankle and heel area. The ocutsole
of this crude prototyre was makeshift and applied to the upper by hand in crder
o have a complste boot for obtaining sectional insulating velues on the copper
foot calorimeter. Although the crude prototype was not representative of the
final formilations and the processing techniques used, it was produced tc pro- 1
vide some comparison of the sectional insulating values obtained to other boots '
whose irsulation thicknesses and overall insulation values were known (such as
weot 10-312) prisr to constructing an aluminum mold. Table IT presents the
sectional cspper foot data on all three boots and the sectional thicknesses on
beot IC~312 and XP-1. The shape and location of the test zones on the sectienal
foot calorimeser are showr. in Figure k.

el s g, =
ey

Further evaluation of the data preseanted in Table IT indicated that the
ankle, foresols and sole sectioms (6-18, 11-23, 12-24) of Boot IC-312 were sig-
nificantly lcwsr than the standard boot and that an increase in insulation thick-
ress was required. After 100 miles of wear, Boot IC~312 showed a change in
insulating values in the thres sections marked with an asterisk (the tongue and
inner and onter instep). The valuss differ by more than 10 percent from the
original. A ten parcent change in insulating properties as determined by the
copper foot evaluation mey be considered significant. The tongue area (secticn
7-19) showed a loss in irauwiating values whils the innar and outer irctep (sec-
ticng 8«20, 9-21) axhibitad an increase in insulating values.

A visual inspection of the tongue area (secticn 7-17) of the wear tested
bor’ showsd that thls area exhiblied parailel radiating lines along the flex areas
and 2 slight compression set which may account for the loss in insulatian. Although
%3 Losg in inswlation mey be considered sigrdficant, it is not conglidersa critical
sinas the insulation valiue remains higher than was obtained on the standard Lh-oz.
bohe Budsver, 1% does irdicate that, doring the 11fa of this type of insilated
fontwear, comutession set mer become a fastor,

10




S ot T T T T TR T g - P
SSU——— -
AP £ T TR TR YT T S T g & J
T "

- ram e

“qJUBOTITUS"S [oI9PTSUOD ST 1) T°Q JO 9OUSIDIITIP ¥ ‘*3usdaad Q¢ uBy} SSOT ST |
qoIys JIB 10 ALIpTun't B pum Jo0L JO sangeiadwag ® 5@ muﬁu\ph 0¢ Juswsacw JIe) WOOX PajeTIiuds ATTew d
-Iou ® ul 303fcns Surisux ‘BUTITS B 3IOJWOD U UTBIUIEBW O3 AIBSS203U UOL1BTNSUT JO JuUnouws aiyl, :O0TD«
le'e 006 Te'e le*ze 00§ €Lz 9705 #2-21
18°1T 006§ L6°T 68°T 006 e 9Tos9axod €e-TT
882 000T 96°T LolE 004 OL°T deo aoL 22-0T
06°¢ 06/ Y YA 90°2 cot ot°e (x93n0) dajsur Te-6
E
| 0S°€ 06, *Sh°2 bE 2 00€ €9°2 (1ouut) deasur oz-gy
262 000T *xTQ°C 60°e 009 2T anduol, 6T-L
,_ glL°2 004 8°T gL T 06T T0°2 aTHUY QT-9 =
gL°c Qs 06°T 718°T 00€ 06°T T93H LT-6
w1°e 006§ 69°1 09°T ose WG T S9TTIUDY 9T-1
09°T GeT €q°1 29°T oL et dor amuy ST-€
w o
| e 68°T 68°T 9L°T TTeI2A0
o) STIW @uney 1D "OTD STIW-9%ne) *01D
adAq0q01g TIBOMCSOTIN T MAN $20 Hh sSU0T109g
] (z0 o2) 00T I93FY 20 2°QgT 99-9 SN~y 3004
, T-4X eTe-oI eTe-0I 3008 33M-PTOD ’
pispu®lg

VIV MIISWIHOTYD 1004 dddd0D TVNOILOIS

i e

IT F19VL

e

i ; ] i o e R T e T i : T —




Za el L LLL L T T

h-16‘

N
S

AN

/]

FIGURE 4~ COPPER FOOT TEST ZONES (SCALE 1:2-1/2)
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A visual inspection of the inner and outer instep {(secticns 8-20, 9-21)
located immediately below the tongue area indicated that a slight del:nina-
tion of the skin from the ilnsulating foam had tsken place, pcssibly resulting
in some trapped air between the skin and the insulating material, whicn may
possibly account for the insulation gain in these sections.

The copper foot calorimeter data obtained on boot XP-1 is significantl.y
superior to both the standard cold-wet boot and to Boot IC-312 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) aand a make-
shift outsole was applied in order to hava a complete boot for test. <The
primary purpose was to determine the clo valves in the critical areas in th:
upper sections of the boot. The insulation values for sections (8-2C,9-L.)
match the highest values for the sections ever recorded on the sectional foot
calorimeter.

Baged upon the increase in thickness that was required to achieve the
superior insulation nroperties, certain critical factors hawe to be taken
into consideration: the effect of increased thickmness of insulation on
(1) low temperature flexibility; (2) compression set; and (3) flex characte- -
istics when related to flex cracking in the upper section specifically acros::
the toe, above the heel in the back of the boot, and in the ankle areca. Tak-
ing into consideration these critical factors, it was determined that in order
to meet all of the objectives of the fiilsued Yo', the insulation thickness
mst be reduced over that of the thicknisses ancountered in the crude experi:
mental boot (XP-1). It was believed th:t 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 obtairved
in Table II 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) Outscle Traction

In an effort to increase traction characteristics of the ncwly deve
oped low modulus nitrogen expanded outsole, development and review of varic:
traction patterns were undertaken. Indications were that a Lug type tracti«
pattern, Figure 5, had the potential of increasing the overall “raction of t:
outsole over that of the chevron design previously used. Fcwever, it was not
known what effect on wsar, if any, would take place, since at *his time thers
was no way to determine the wear characteristics of this Lug traction patterw
with the specific outsole material.

(L) Fit Studies
Fit studies using the crude experimental prototype (XP-1) irndi-ateu
that the new ankle design was too tight and would have to be modified prior

to producing the alumimum molds. However, the fit in the toe area and acrese
the ball of the foot was considered good.

13
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(5) Fabrication of Molds

A pair of size 10R lasts and molds were constructed from cast alumlrn.i
embodying all of the design considerations, including pull-on type constructics:
increased insulation as shown in Figure 5, with the Lug type pattern in the
outsole for increased traction (Figure 6) and a modified ankle design to keer
slippage at the minimum. The mold sections were coated with teflon to elimiast-
the use of release agents prior to each injection of compound into the mold.

(6) Fabrication and Evaluation of Prototype Footwesr

The first pair of prototype footwear in size 10R (designated 3001A & A
weighing approximately 20 ounces per boot was produced by the integral cas' <.
technique embodying all of the optimum characteristics developed under the com=
pleted materials and design studies. The pull-on style boot produced was approx.

mately 10.75 inches high and the insulation thicknesses are as shown in Figure 5.

The inner lining o:° 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 (averagn thickmess 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 Ccld-Wet Insulated Boot. The results
(Table ITII) indicated that the differsnce in dimens:ons between the two boots
was minimal.

TABLE III

External Dimensions of the Standard Cold-Wet Imsulated Boot and Prototype Boct
R-3001-A7 .

Std Cold-Wet Proto R-3001-41

(inches) (inches)
Bottom Width L-5/8 L=1/4
(Across Ball)
Upper Width L-7/8 5-1/16
(Rall Area)
Ball Girth 15 14-7/8
Height at ball 3-5/8 3-3/16
Length Oveir1l 12-7/8 12-11/16
Upper Width L-1/16 3-18/16

(at heel breast)
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Figure 7 presents a side view of this prototypc boot (R-3U01A1) 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 insulaticn

values as adequate. (Most compleinte of ccld feet have been recorded as being
in the toe and heel area.)

TABLE 1V

COPPER FOOT CALORIMETER DATA

Foot Boot Cold-Wet Boot -R-3001-A1
Sections 44 oz KR..JS-6-66 20 oz,
Clo 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 indicata:d:

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

17
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FIGURE 7 - SIDE VIEW OF PROTOTYPE R=-3CO1l=-Al
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FIGURE 8 - OUTSOLE DESIGN OF PROTOTYPE R-3001-Al

19

P R W g

el 5 e o ke

e 2T ol



-

-

because tie poiyurethane spray-film scek-liniay sppoocator dld e poss s
aaaquate s1ip characteristica.

be Wear hast dabta indleated that an adjwstrnent in $he prooer ~ing toasi-
winve used 15 predice the culsols was reguired in order (o dincresss ou-bill.y
characteristics.

. The puncture resistance of the outer skin recuired improvemert by

increasing thickness and by adjustment of the compound application ant
srocessing.

ds An increase in the dimensiwvns of the ouwtsole and heel vas re-~uired
te improve durability and Yo provide better balance to the boeot during walking.

e. It was also determined that a square outsole in the toe arsa would
faciiitate mountain climhing when necessary. ’

f. Insulative propertvies are equal Lo or better than the standard iasu-

N}

lzted boot and show no change in insulation characteristics aftor 20C miles
¢f wear as shown in Tavle V.,

Soncurrently with the evaluation of the six palr discussed above, the
R-3001-A1 prototype was wear tested. The overall clo value (1.59) of this
prototype when new and after 200 miles wear shows no change, and may be

considered superior to the overall clo value (1.76) of the standard insu-
iated boot.

The measured values indicating minor increases and decreases of insu-
latior: in some areas of the prototype boot after wear, are no more than

worls Le anbicipated tc occur in the standard insulated boot after wear.

Although 200 miles of wear distance (180 miles macadam, 20 miles con-
creve) may not be considered significant, it doec indicate that there uy
not be any breakdowm in cell stimeture of the expanded materials in the
“pner cection of the boot as a recult of any compression sel that may iinve
taker. nlace during wear and, therefore, the life expectancy of the incula-
den and material characteristics may be considered satisfactory.

A vimal sxaminatlon: of the wear tested prototype, R=30014-A1,(Figure 9) after

10C 1iles chowed that (1) ihe onterskin had split near the arch o. we

Szttt boot; {2) althouph the overall outsole and heel wear was conciderel

oo zund, sone chunking ont of the cleats of the right boot outsole hid

taken plaze. The pessible cuuse of these deficiencies in the durability

ni. the outerakin and outscle may be attributed to improper processing

varhrdgues durding fabrication of the prototype footwear. After the sonnwd
fadred milss the left bnot exhibited a one-inch break asross the inct.on

ard the wabacle shounl cone uear at the outside sdge of the heel and a’

phe Lol oo bae feot.  In additiog, onre cleat in the heel shoued some
clerddin. . Toe rdikh Woot exhibited an additicnal break in the outersiin

20
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Sections

Overall Values

3-15 Ankle top
4-16 Achilles

5-17 Heel

€-18 Ankle

7-19 Tongue

8-20 Instep (inner)
9-21 Instep (outer)
10-22 Toecap

11-23 Foresole

12-24 Sole

TABLE V

COPPER FOOT CALORIMETER DATA

WEAR TESTED PROTOTYPE

R3001-A1-20 Ounce

Initial 100 Miles
Clo Clo
1.99 1.99
1.45 1.51
1.69 1.67
2,22 2,28
2,01 2.05
1.91 1.83
2,34 2.26
2,57 2.61
2.28 2.12
2.13 2.11
2.39 2.b2

21

200 Miles
Cle

1.99

1.42
1.58
2,28
2,00
1 .87
2.b2
2,7h4
2,14
2,12

2.49
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FIGURE 9 - PROTCTYPE B-3001A-A1 WEAR TLSTED 200 MILES
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aad additionel chunking out of cleats. There was significantiy less wear
noted on the left boot outsole as shown in Figure 9 (200 mile wear test)
which sukstantiates that mixing techniques rust be improved and that prog~
essing adjustments are required for both the outerskin and outsole fermvi-
lations to achieve uniformity of wear characteristics and physical proper-
ties. Howsver, the overall integrity of the prototype boots was maintainec
and there was 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 (v
series) footwear, extensive materi?%s design (includes last and mold) and
processing studies were conducted and additional prototype footwear all
in size 10R was produced. Four prototypes were selected for evaluation and
are comparsed to the initial prototype R-3001 in overall weight and modifica-
tiens in Table VI.

TABLE VI

PROTOTYPE BOOTS SELECTED FOR EVALUATION
Ounces per Boot

Min Max

PRCTOTYFE (R-3001)

Narrow outsole, Urethane Sock, No counter 19 2L
NEW PROTOTYPES

R-3002 - Wide Outso.e, Ureths-: Sock, No Counter 21 26

R-3005 - Wide Outsola, Uretlnans Sock, with Counter 22 27

R-3003 - Wide Outsole, Nylon Syck, No Counter 23 28

R-3004 - Wide Outscie, Nylon Suck, with Counter 2| 29

The cutsoles of all four new prototypes presented in Table VI were cast
in a newly designed outsole mold se:tion, which results in a wider outsole
avd heel with the heel pushed back 30 that when the upper section of the
tnct was cast; the edge of the heel was almost in line with the upper and

the *ce ond of the outsole was squere rather than round, as shown in Figure i( .

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

Jegare 12 compares the wide heel oi' Prototype R-3003 to the narrow heel
£ Prototype R=3001.
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Figure 13 shows the square toe and siue outsole of prototvpe R-3005 2o,
tc the round toe and overhang of upper insulatinn 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 outsole, heel and square toe results in an increase of 2
ounces in the overall weight of the outsole., However, this change rasui.s

in a more balanced boot with increased durability and functionaiity. in

addition, the processing technique for the outsole was modified in an 2f: r-
to increase wear characteristics.

Table VI also shows that two prototypes R-3005 and R-3004 were n+.
duced with expanded heel counters integrally cast with the outsale. The
density of the heel counters is approximately 28 1lbs per ft.3. 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 su>rport and
stability to the footj however, this slight improvement in support at this
time in the development cycle did not justify the increase of one ounce i::
waight per boot and this apprpach was not given further consideration.
However, it does indicate that the flexibility is present fcv making
significant compound, processing and design changes if required to improve
the overall characteristicas of the footwear.

The suhstitution of a nylon socklining in prototype R-300? for the
sprayed pQlyurethane 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 quilities 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 nylor fabric laminated to a cotton
fabric with a natural rubber interface which is vulcanized after lamination
but before the material was stitched into a4 sock. The 100% 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 adhesionr
characteristics to the polyurethane; therefore, the cotton fabric is requir~
to obtain good adhesion to the polyurethane foamea upper. rhe vulcanized
natural rubber gum coat (0.006 inch thick) between the two fabrics prevents
the liquid polyurethane fror coming through to the nylon when the boot is

being fabricated and thereby nullifiés the good slip properties of the
nylon sock.

During the processing studies it was determined that the nylon sock
acts as an insulator, and prevents the licet transfer from the last to the
compound from being as efficiernt as the heat transfer from the mold to the
compound. Therefore, the overall expansion of tihe compound is decreased
and results in a slightly higher uensity bo-t. This higher density results
in a 1 or 2 ounce additional increase in the weight of each boot.
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To ocmpeneate for the insulating effeoct cavsed by the nylon sook during
processing, the mold and last temperature was inoreased from 230° to 250°F.
Siroe the mold and last must be heated together, the added heat transmitted
by the mold results in over-expansion and the resulting compound was soft
and lacked durability. On the other hand, if the mold is not heated to
higher temperatures, but rather more blowing agent is added to the compcund,
the expansion of the compound is more violent and the foam contains many ceils

3

vwhich 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 optimun compound properties and an adequate uniform
cell structure, a slight increase in density and weight over that previousl:

2 obtained had to be accepted. The increased firmmess of the insula*ion :ause:

& 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

i resulted in some reduction in slippage at the heel. The nylon socklining

5 increased the ease of don and dofx.

% The five ounce spread in weight between the minimum and maximum weight

z 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.

t

These prototype boots were evaluated on the sectionel copper foot calori-
meter. Table VII presents the insulation values on all of the 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-4186,
Boots, Insulated, Cold-Weather, Rubber Type, dated 15 March 1965. This boot
has been designec. to protect the feet in sub-zero concditions and is worn
vhen actual tempiratures 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 fail
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~3004-2 (with mylon socklining and !
with and without heel counter) shows that the addition of a heel counter i
does not significantly affect the insulation properties at the heel.
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A comparison of Prototype R-3001-Al (narrow outsole) with poly-
urethane sock to prototype R=3002-2 (wide outsola) with polyurathane seock,
indicated that increasing the width of the outsole increaszs lhs cio
value in the sole area. There is also a slight increase in insulations in
most of 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 characteristice 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. Ia 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 might be possitle té provide some increase -

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 prototyg -
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 fibric laminate material used for producing the sock-

lining has been previously described. A completed socklining in size 1OR
weighs approximately 2% ounces per socklining.
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FORMULATIONS FOR PROTOTYFE R-3003-1 and R-3003-2

TABLE VIII

Qutsoles
Vibrathane B-602
Senticizer S-140
mPDA

Santicizer S-160
SF-1079 Silicone
Nitrosan

US-15N

3041 Black
Upper

Vibrathane B-602
Santicizer S-140
mPDA

Santicizer S-160
SF-1079 Silicone
Ni.rosan

US-15N

Outer Skin
Vibrathane R-605
Toluene

mFDA

THF

Santicizer S-160

3041 Black

PHR
100
25
4
Iy
2
0.7
0.7
2.1
100

25

200
3.8
51.2

Lo
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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

NO SKIN

Upper Insulation Thickness?

Side Front Back
Top Edge 70 70 70
Ankle 400 500 500
He’l Ll -oe SuD
Instep 600 600 -
Toe 700 700 -

OQutsole 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
would be required to improse the functiona.ity, comfort and durability
of prototype R-3003 as prrsented,

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,

33
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Probtstyos Pair = BE=3008-1,-2 18 idwtacad %o provoirpe Ne.: (030031~
axcepl that the cutsyie design was changed irom the Iug typs as shown in
Flgure 6 10 a newly developed design E presented in Figirs 15. Thas selectiir
of deslgn E was based upon the resuits cf studies of various cutsciz deslg.. .
In the svent that increased cutscie wear ctorssteristise may be ~aqpired dv
prototype R-3003, outscle design E inersazss the wear surfsce dimersicns of
the outsole in the arexz ¢f ths hall of the foot that somes iute sonsact wits
ine ground cver that »f the Lug type design stovn n Figure 6. This Lol
rasuit in increased wear characteristice and iz additinon the tranaverse cer’ -
zaeats ssrve t¢ distrikute the weight over a laresr area.

6. Mold Description

Figures 16 and 17 present phitographe ~f the aztizal last and mold sertioms
and show the overali mold assembiy being btsldd tegether in a jig. The overail
mond for each beot econsists of five (5) plenes and < last. One of the piztes
is a scle plate containing twe (2) other piaces which are side rings and fosi
the upper edge of ths ocutscle when the last is restsd on the rixngs. The T ¢
is 8 U.3. MIL~V tombat Boot Last modified %o reflect triz design changes re -
qiired to provids gosd fit for a beot of pull~n type construrtion in size
1R, Tha parie 88 numbared in the photogrspts ars described as followss

1. Sols plate
2. and 3. Scle plate side rings
Lo and 5. Upper mold sections

After the 2utscls is molded, the side rings are removed and the two other
pieces (upper meld sections) which form the boot upper are brought togsther
aroind the last which s still in the same pcsition it was when the cutsole
was formad.

The molds are fabricated from cast aluminum ard have a permanent taflen
coating to inzure ease of demolding completed fooitwear.

FMgure 18 18 a schematic shewing sole molding and upper ce2iion molding
ar:d locatiom of injectisn port. For purposes of illusiration it shows the
3zle in rlaze wita ithe sole plate dropped. However, during the actual mold
irg ¢yzle, the sols plate remalns in place until the finished beot 1s de-~
melded.

7. 22rvadirs for Producing R-3003 Prototype Footwess

Aecerate time and Lemporstue contrel of equipment, compounds, and
sre33ing during the melding cycle 18 requirsed 0 achiewrs prrner dansities
asd adegusate phyaical -haractaristics,
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2 and 3 -Sole Plate Side Rings

FIGURE 16 - IDENTIFICATION OF MOLD SECTIONS

1l - Sole Plate
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Sofo Pla

a-Sole in place

UPPER MGLOING

FIGURE 18 - SCHEMNATIC OF MOLD SECTICNS
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A Dieb) Matesy, thres compsnent, polyurathans mixing/metering machine,
used to fabricate profotype 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 vsed only for limited production. The three components which
are mixed and metarad by ths machine ars (1) prepolymer, (2) curatives and
(3) additives whizh include blowing agent and colorant.

The mold imto wubich the compound is dispensed has been described.

The unit for spreying the skin onto the boot is a two component Binks

airless spray gun. The two componexnts used in the gun are prepolymer and
ourative,

i). Prodnoﬁon Cysle

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

(1) Prsparation of Equipment

(2) Prepolymer tank temperature set at 220°F
(b) Curirg agent tank temperature set at 220°F.
(¢) Molds prekeated in oven for a minimum of 1 hour at 150°F,

(2) Preparstion of Compovnd

(a) Ths compound mixtures are prepared and poured into their
respective tanks and allowsd to warm up for am hour.

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

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

(3) Molding Cyole
*
and t to t
(a) :’2?»‘: aock].ini:s ofc::d‘z:om. 12:«::0 co-pou::

placed on the preheated last and secured to the top of
the last to pravent wrinkles during the molding cycle.

# Seam Jealant: Sclution of 80X THF and 20% Estane 5707.
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(4)

(5)

(6)

(b)
(e)

(d)

(e)

The last with the nylon socklining is returned to “he oven

to re-heat to 150°F and then removed,

The pre-heated (1500F) outsole section of the mold including
the side rings is assembled and attached to the preheatesd
socklined last,

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

Close outsole mold by lowering last into place. (The last

to act as mold cover,)

(f) The assembly consisting of the sncklined last and the ocut-sie

(g)

(h)
()
(1)
(k)

section is placed in an oven set at 250°F for fifteen minutes
to expand and par..ally cure the outsole.

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

Two hundred and fifty grams of 1+fquid polyurethane upper
compound are metered into the upper section of the mold.

The entire assembly is placed in an oven set at 250°F for
thirty minutes to cure upper and outsole tcgether,

The mold is removed from oven, disassembled e&nd the boot
stripped from last.

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

Application ‘of Outer Skin

(a)
(b)

(e)
(d)

(e)

A two component spray solution is prepared.

The boot is placed on a spraying last and four separate

spray coats are applied.

After each coat the boot is rotated until the spray sets to
prevent dripping and rippling of boot.

The sprayed boot is placed in an oven set at 150°F for one
hour to cure spray solution,

The completed boot is refinished by trimming overspray at top
of boot and lightly buffing outsole to remove overspray runs
that have developed.

A silicone spray IMS,CO #8512) coating is applied to the outer
skin of the com: 2ted boots for esthetic purposes and to provide
a glossy finish.

Boots inspected and packaged.
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Fifty (50) pairs of prototype R-3003 boots in size 10R weighing between
23 and 27 ounces per boot wers produced by the integrally cast techniqra.
The three component parts (socklining, upper, outsole) required to produce
prototype R-3003 prior to the application of the outer spray skin are shoun
in Figure 19. An actual completed prototype pair is shown in Figure 10. The
fifty pairs of footwear produced may be described as follows:

BOOT, LIGHTWEIGHT INSULATED (BLACK) FOR COLD-WET USE
(STYLE R-3003)

The lightweight insulated footwoar is a polyurethane integrally cast boot.
of pull-on style requiring no lacing and is approximately 10.75 inches high.
The 0.75 inch thick ocuteole is produced in a "Lug" tread design from a niirogen
expanded polyether type polyurethane liquid prepolymer resulting L. an average
density of 28 pounds per cubic foot. The 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 to the extsrior edge of the tread is 0.875 inches. The depth of
the outsole tread is 0.25 inches. The insulating materials as it is expanded
14 the upper part of the boot is a 12 pound per ~ubic 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 socklining of the footwear is a nylon rubber-cottion
laminate. The natural rubber interface of the socklining is vulcaniszed prior
to stitching. The cotton is tightly adhered t~» the insulating material wi‘*:
‘oe . ..-1 towards the foot, to halp provide slip for donning and doffing.
To provide a durable abrasion-resistant 2x<terior the footwear has a sprayed-on
black outside solid skin of polyether-type pulyurethane (average thickness
0.020 inches). In size 10R the boot weighs approximately 2-27 ounces per buot.

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 squipment and procedures for largu scale com-
nmercial production procedures.

At this time during the devel~ument cycle there is no larye scale produc-
iion capability within the indusiry to produce the lightweignt insulated boo’
¢ in large quantities. However, based upon existing polyurethane
equipment and technology, it is believed that it is practical to develop an
sutomated systen for large scale production of this type of foutwear.
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A coasaptual aulcaatsd prostlon procedure is ehown 1 Figare 20,

Using the sohematic disgram *‘n Figure 20, the preposed sutomated produce
tien procadure can texe . .1, iS5 rollowss

a. The previcusly preperad :scklinirg i mounted onte the last,

b. The outsolie mold is assainbled avtomaticaily.

c. The liguid poiyurethane compound ie injsctsd into the outsole mold
cavity.

4. Tos eifzsole is gllowed t0 expand and semi=-cure for five minutes.

a. The winmg: forming the top edge of the outsole open autematically.

£. Tho upper mo.d sectlons are assembled around the last and top edge
of the outsole automatically.

ge 1oz apper insulation liquid polyursthane compound iz injected into
the uppsr mold cavily.

h. The upper 15 sllowed to expand and the cast bool is cured for 20 minutes.

i. The mold is disasssmbled automatically and the boct is autcmatically
stripped from the last.

1., The boot is trimmsd to the correct height and the flash is rem>ved.

k, The trimmsd boct is mounted onto the spraying last and the combination
placed upon the epraying conveyor.

1. Two spray ~oats are spplied automatically to the cast boot by slectro-
static airiess equipment.

m, The completed boot is dried and finished.

It is recognized that this antomated production procedure for producing
lightweight insulated boots on & large scaie production baeis is conceptual
and altkough considersd practical has not been reduced to practice. There
is carrently no> available equipment to produce this boot by the procedure
praseznted in Pigure 20,

However, there are sevaral major corporations in this country that are
currently producing or marketing automated liquid polyurethane injection
mlding equipment. The existing automated equipment is generally being used
t> direetly mold low gravity expandsd polyurethane outsoles from liquid com-
pounds onto all iypes of footwsar uppers. Some of the cquipment appeurs to
have the abllity to producs a completely expanded boot for civilian use with
gome inrsulating charasteristics. The mlti-station automated equipment
surrently in existence exhibits anywhers from 12 to 32 molding stations for
sach compiate automated mixing and metering unit.
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FIGURE 20 - SCHEMATIC OF PROPO5:D AUTOMATED RODUCTION PROCEDURE
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Jensrally, the autcmated sguipmant svellable &% his time cen be plasad
into two categorisss (1) the cna shot system - this systam raquirez that all
of the ingradientis be acruratsly metered into the mixing chsmber aac vss.n
togather whils beiing mixed to form ths required polyurethane system. I%is
techrigue pracludes prareactions, (2) The two or thres or more cempovert pve-
polymes system - thess comprzents cemsist of (&) prepoiymer; (b) suring sgent:
ard {c) blowing egeat. 18 aystam ssquires pramacticns to form the prepaly~
mar (2) prive to reasting with the otuer two comuments {B), (&) 2o the mixing
chanber

The cne shot systanm ie a potential low cost cpevation sincs the ruzstious
ars indtiated with the basic raw matarials and no jrovicus additiona’ sepsrate
stepe are required for preresctions. The equipment required is lsss complex,
beceuse starting materisls are less vissous snd thazefore do not require
sophlisticated pumplog eystams and squipment to heal Jlow lines in order te
maintain low visccalty of the liguld ingredientsa. Hovever, presision metering
ogipment. is raquirad in order to reast the ingredients, that have been azcu-
rately metered; with each other to produse the required mole ratis whick result:
in the firel compourd.

Oenerally %he phyzical properties of compounds produced by the one shot

system may rot be as good as ths properties produced from the prepclymer systems,
baecause of the diffisuity ir accurately controlling the reactions taking place

simitaneously in the meld.
YUealurtion of Protetype R-3003 Lightweight Insulated Footwear
Tha axpexrimental R-3003 footwar produced was evaluated in the laboratory

for physical and insulatiws properties and informally under actusl field con-
ditions in limited resesxrch issts in Alaszka.

A. Determinatinr of Insulativae Properities

Ten boots from the fifty peirs produced were selected reprssenting the
variots minimum to maximem finished welghts of footwear and subjected to the
sectionel copper foot calorimeter for detarminstion of clo values. Table X
nrasants the smectionas clo valass obteinsd on each hoot. As anticipated the
irsulatice vaiues (slo units) obtaixed on the ten (10) production beots
(Table X) were significsntly incressed over the insulation valuss of the initial
prototype baot R-3003-2 as ahown 1c Table VII. This was acoomplished by ad-
Justiaemt of the tims-tamparature gycles, as outlined in ths production proced-
arss; swhich resulted in & mors wniftrm cell sise and dsasity control. The
dssign and meerials werse the same as used in ths original R-3003-2 prototype.




Jensrally, the autcmated squipmant sveilable ub thils time cen bs plased
into two categoriea: (1) the ona shot system - this system roquires thet all
of ihe ingradients ke acsuratsly metered into the mixing chsmber sa: rsecr
together whils teiing mixed to form the required polyurethane system. Tis
techrigie prociudes prareactione, {2) The two or three ov more conpovar’t wre-
polymec system - theas components ccnsist of (a) prepoiymer; (b) suring wgent;
spd (o) binvdng egant. This aystam raquires prersacticons +o form the prwpaliy-
mer (&) privr to msacting with the other two components {h), (&) Zo ihe mixing
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The one shot system iz a potential low cosd operation since the penstiots
ary dtlated wit® the basic raw natarials and no pravicus additional sepurate
stere ars reguired fo- preveasticanz. The equipment -equired iz lsss complsx,
keczuss starting materials are less vissous and tharefore do mot requixs
sophlsticated pumplog systams and esquipment to heal flow linsa in ordsr to
maintain low viscoalty of the liguid ingredients. Howsver, presision metering
equipment is requirad in order to reast the ingredients, that have been accu-
rately mestered; with each other to produse the required mole xatic which results
in the firal compound.

Genarally %he physical properties of compounds produced by the one shot
system may not bs as good as the properties produced from the prepolymer systems,

bzeause of the diffisuily in accurately coentroliing the reactions taking place
similtanecusly in the meld.

Yraluation of Prototype R-3003 Lightweight Insulated Footwear

The experimental R-3003 footwsar produced was evaluated in the laberatory
for physical and insulativs pruvperties and informally under actusl field con-
ditions in limited resesrch issts in Alaska.

A, Determiznatisr of Insulative Properties

Ten baonts from che fifty pelrs prwduced were selected represanting the
varicus minimum to maximem finished weights of fcotwear and subjected to the
sactionel soppar foot calconimeter for destarmination of clo values., Table X
mrasents the sectional ¢lo values obteined on each boot. As anticipated the
insulation vaiues (ole unite) obtaired on the ten (10) production boots
(Tabls X) were significantly insressed over the insulation values of the initial
prototype baot R-3003-2 as ahowm it Table VII. This was accomplished by ad-
Justamat of the tims-temperature aycles, as outlined i the production proced-
ures, which resulted in a mors uaifsiom zell sise and dansity conivrcl. The
dsolgi arnd ma'arials wers the sams as used in the original R-3003-2 prototyp:.
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Table XI presents the sectional overall olo valuea of each of the ten
boots and compares the insulation properties to the standard cold-dry and
oold-wet insulated boots and to the originel R-3003-2 prototype. In addi-
tion, the overall weights of the boots are presented for comperison purpeses.

TABLE XI
SECTIONAL COPPER FOOT DATA

Overall Clo Eﬁt - Ogs,
Standard Cold-Dry 1.95
Standard Cold-Wet 1.76 Ll
Prototype R-3003-2 1.84 27
Produnctiaon Boote
6 2.10 zé.g
1'.‘ 2005 ' o
20 1 L] [ ]
2 1. 2.6
29 ol 25,
hBﬁ 2.10 23.8
2.12 23,
e 22 e
50 2.00 2h03
Avg 010 2.%1

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

The insulation data in Table XI indicates that only two (2) of the
product: m prototype boots (numbers 20 and 2l;) exhibit a clo value below
2.0, However, these two clo values are significantly hig er than the clo
values obtained on the standard cold-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 (mumber Ll)
at 23.3 ounces to the heaviest weight boots (mumbers 6 and 1) each weighing
26,7 ounces is not considered significant. 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 teohnology is developed and the
required processing equipment beoomes completely automated, which also
includes accurate temperature control of compounding ingredients, assembled
molds or mold sections and ouring ovens, the clo valus rangs 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 tolsrance
of plus or minus one ounce per boot.

The data in Teble XII is of special significance in that it indicates
that this lightweight boot concept can combine the functions of both the
standard cold-wet snd cold-dry bcots in one item. However, this would require
development of materials with the required low temperature propertias and other
required physical characteristics. The materials presently used ian producing
the R-3003 prototype series do not possess the required low-temperature pro-
perties for use in the cold-dry range.

B. Climatic Chamber Evaluation
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 50)

were compared to the standard (white) cold-dry boot on test subjeocts in the
olimatic chambers. The comparison data are presented in Appandix C.

The primary test objective was the evalvation of three awmxiliary heated
gloves during 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 he test subject at -30°F. The prototype (R-3003) foot-
weer 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) footux;r vith the standard (white)
insulated cold-dry boot during exposure to a -30°F, 5 mph temperature and wind
condition for approximately 2 hours snd 25 minutes is presented in Appendix C
and indicates the following:

(1) Differences in subjective thermal snd 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 nver that of the prototype bcot by the end of the last
test session corroborates the copper foot data obtained ca Prototype R-3003-2
in Table VII. The Table VII data also shows a higher c¢lo 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 a: a function of exercise. Since the prototype footwear has
an open top vhile the standard insulated boot is a lace-on type, it appecrs
possible that some of the warm air rroduced by the body during exercise is

L
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pamped out into the cold atmosphere. The addition of the snow collar
as shown in Figure 14 (Prototype R=3007) should inoresse the rate of re-
warming during the exerocise period and thereby may becoms equivalent in heat
retention properties to that of the standard (white) insulated boot,

(4) The temperatures recorded in the final test session are still con-
sidered relatively high in both cases and both boots will provide adequate
comfort and warmth at the reported temperatures,

C. Field Evaluation of Prototype Footwear

Two separate informal research tesis were conducted in Alaska. Twelve
pairs of prototype footwear which included 3 boots subjected to the sectional
copper foot calorimeter (numbers 4, 24, and Ll) were furnished to the U. 8.
Army Arotic Test Center and an additionsl twelve pairs which also included
three boots subjectad to the sectional oopper foot caiorimeter (mumbers 1l,
6, and 48) werse furnished to the U, S. Army, Alaska.

The test objectives were generally lindted to the evaluation of insulation
properties, comfort and effects of wear 'y personnel as they conducted normal
daily activities. The standard (black) insulated boot for cold-wet use, which
the experir:mtal prototype is being developed to replace, is not currently
being used in Alaska. Therefore, all comparisons of the experimental proto=-
type footwear were made against the standsrd white (cold-dry) boot. Early in
the test period both U.S. Army Arctic Test Center mnd 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 was based upon
the snow collar developed and used on prototype R-3007 shown in Figure 1l.

(1) U._S. Army Arctic Test Center Evaluation

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

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

The donning and doffing presented no difficulties.

3ix of twelve tect participants stated that the boot did not, at one time
or another, provide adequate traction when walking on melting ice.

There were no difficulties encountered in operating vehioles, airoraft,
and equipnent. In addition, there were no problems due to bulkiness of
the boots during manipulatiom of brakes or olutch pedals.

There was no report of damage from the spillags of petroleum products
(such as gasoline, diesel, solvent, antifreese, motor oil and grease)
onto the boots.

S0

ol ottt A sl . M o L L L

PR T e

o

e 1 i



- e ————

o

At the completion of the test it was discovered that approximately 50
peroent ¢f the boots exhibited a out, tear or break in the outerskin. The
cause of damage in most cases was reported as unknown. Since the damage
was not discovered until the completion of the test, the indications are
that there was apparently no effect on insulation properties and that the
boog; remained serviceable. The boots were worn at temperatures as low as
-47°F but since they were developed to function only down to -20°F, the
lower temperature may have caused the skin on some of the boots to become
brittle and crack or break.

The U.S. Army Arctic Test Center did not [resent 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 1light-
weight footwear was not as durable as the standard (white) insulated cold-
dry boot.

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

(2) U. S. Army Alaska Bvaluation

The results of the limited research test conducted by U. S. Army Alaska
are presented in Appendix ¥ and include the following:

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

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

The 75th Infantry Arctic Rangers 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 (white) insulated cold-dry boot. At the completion of the
test, there was no evidence of boot damage or wear.
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The experimental boots worn by elements of the 19th Aviation Battelion
stationed at Fort Wainwright, Alasks, were evaluated primarily for ocompat-
ibility with aivoraft flight oontrols, for example, rudder pedals and brakes.

The 19th Aviation Battalion members reported that the boots are light and
comfortabls with the exception of some tightness across the instep. Pedal
sensitivity required to manipulate aireraft controls was far superior to that
of the standard (white) insulated cold-dry bcot. The expsrimental 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
4o flying activities.

The rasults of the limited Alaskan field test generally indicated that
the insulation properties of the experimental footwear appear to be adequate,
the ease ¢f donning and doffing characteristiics 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 Fhysical Properties

In an effort to establish the 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 follows:

One unusad boot (number 95) weighing 715 grans.

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

The two used boots were selected to determine what effects on the physi-
cal properties, if any, had teken place during use. Thers 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
contcur 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
satisfactcry test specimens. In soms cases the skin had to be carefully
abraded away from the foam.
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Table XII preeents the physicel propertiee obtained on the three boots,
The resulte obtained on the upper foam sections of the boots generally indicate
that they are comparable, with the deneity varyling between 10 and 12,8 pounds ner
cubic foot and the compression deflection at 25 percent between 2,5 and 4.0
pounds. The compression set data obtained at room temperature is erratic and
at the elevated temperature (158°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 1. enticipated., Some of the vari
ations in density from sole t6 sole obtained on the worn boots in the same cr«==
sectional area may possibly be attributed to the effects of wear.

Lt o

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 obtained in Table XII indicate that it may be
difficult to set realistic tolerances on physical property requiremsnts until
processing and production techniques are further refined to more accurately
control time-temperature relationships and to insure complete mixing of in-
gredients.

it o e b et AR
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The physical tests wer : conducted in accordance with test methods listed
in Appendix F,

Since it was difficult to cbtain 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 variou: thicknesse
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.

mn

Upper insulation foam 15/16 inch thick

e i e M om0 o MR

Upper insulation foam 5/16 inch thick

e et i

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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Taw peenpemedilon of thick cuter sielos by ihe speay methoc was 0ot v
Lol Trsase of the possibility of scivent ectrapment x14 ra-
e 1% wes zlan snbicipated thet, the physiesl propartise

Shderad g
sultamt pororits
obteinnd ws Yhe sprayed sieln warsus the czst skin may mod sorrsliate zincs
they were preadtaewd by differant proseseing techniques. Howswer, thegz ‘est
spetlmansy waied erlinetsd and the data is pragented in Tables YITI, 1Y, and
o The eenpall pestlts dnddoate-4hat 4% Ln ALLficuly 4o obtalzr ~uanistent
nreload data with warying thicknessee of foam using the same formmilefions
wed procsseine tewualoues za noeted din the deneisiss obtaived in Tehie XTIX
awd Table LIV gxd thw tenails valuss obtained in Table XV. Test resclix
in sune corss were wwbdbaeinebls becanse of sarples thiclmess.

E. Inevishtlon Brolvation of Commercial Imsulated Boote

Ta ewder Yo coxpars the insulation propsrties of the sxpsrimental pro~
totyps Lavtwsar (R=-3003) to that of currently availabls commervial insulated
footimar, four pairs of various types of commercial imasulated boots (farm,
inomstrial amd/ow spertevesr) in size 10 wers obtained., All of the beots
aeleoted weras approximstely 12 inches high and bhad & knitted cotten sock-
liring. Flgurs 21 presants s typleal commercial insulated boot of the same
type eveluated. Table XTI prosents the dazign and dimensional differences
ag well as waigh® sod insulation relationships cbtainasd cn the commercial
oets, To Tabia XVII, the imsulation valuea (clo units) obtained on the
sommareial Doots sxe riown and comparsd with both the standsrd cold-wet
inguleted boot and “whe experimental insulated boot (ssries B-3003 - average
of 10%. The fowe sige 10 commercial insulsted Loots £it sragly on the
geational wapper foot. It was determined that a standard size inside di-
mezeion {last aize) of a standerd militery size 10R insulated boot would
sowpare mode yeopurly o alze 11 or 12 commercisl inswiated boot, The
snuz £34 en the gactlonal copper foot explsing the low overall insulation
weines chteined {(espesielly in the important tos cap section) om the com~
maredal insulated doots.

To edditions] sommercial insulated boots wars obtained; ons size 11
od the other slzs 12, squivalsnt i all respscis exeept for size to the
iz 10 {wormereial #3) previcusly svalusted. Thess two sizes were selects:’
o detormineg which size beots most proparly £it the sectional copper foot
and to determins If higher eclo values will be obtained over that of the
pravicnsly evaliated somg £ittdag =ize 10, commercial #3, insulated boot.

The glws 17 boed was compatidls to the copper foobt in lemgth, but
slightly song 2 wldih. The size 12 was compatibls in width to the coppsr
fort, at sllghtly Yoo long. Noms of the commerciasl iesulated boots fit
s well ay Yoo gtandsyd military inswlated boots or the experimental insu-

lated boote under development. B
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FIGIRE 21 - TYCICAL CuriiR7IAL INSULATED BOOT
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TABLE XIII

PROPERTIES OF UPPER INSUIATION FCAM

Density (1bs/cu. ft.)
Tensile PSI
300% Modulus PSI
Elong. (%)
Die B Tear PPI
25% Comp. Deflection PSI
50% Comp. Set )
22 Hrs @ 158°F
22 Hrs @ 70°F

Water Absorption
6 Inch Head

24 Hrs,

48 Hrs,

7 Days

15/16" Slab 5/16" Slabv
11.4 4.6
--- 132.
g 60.
oo 550.
s 13.

L.7 9.6
89.7 -
18.7 _—-
15.7 10.6
25.6 18.5
59.1 LL L
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Density (1lbs/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% Coup Deflection PSI

JABLE XIV

PROPERTIES OF OUTSOLE FOAM

11/16" slab 5/16" slab 1/4"slab
29,0 33.7 43.3
=== = 440,
——-- -—-- 212,
———- S 830,
- —= 52,
30/45 45 55,

5.4 5.4 10.8
e ——— 89,0
S —==s 29,4

2,4 2,6 2.©

2.9 3.3 2,3

4,1 4,6 3.1
28,5 39.0 83.5
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Thickness
Tensile PSI
300% Modulus PSI
Elong (%)
Shore A Hardness
Die B Tear PPI
Die C Tear PPI
Torsional Stiffness
T2
Ts

TlO

T100

TABLE XV

PROPERTIES OF SOLID SKINS

Sprayed
Skin

.026
1950
640
520
65
63

178

-38°C
-57°C
-62°C

-67°C

59

Cast
Skin

.060-,080
3390
550
685
61
116

215

-45°¢C
-61°C
-64°C

-78°C
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Table XVIII presents the results of the sectional copper foot
evaiuvation and as anticipated the overall clo valuss 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
khilles, However, when the experimental prototype (R-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 par 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 comhat boot and polyvinyl chloride overshoe combination is at
least 44 ounces,

Table XIX compares the clo values obtained on the lightweight imsulated
(prototype R-3003) boot weighing an average of 24 ounces per boot in

size 10, to the values obtained on the standard leather conbat boot-
overshoe combinution*s.

Although the overshoes were nn+ developed to provide insulation
properties, their insulative chara..:ristics in combination with the
standard combat leather footwear is at least equivalent tc 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,

EY Proggam Review

A review of the completed materials research studies, processing
techniques, prototyve fabrication and evaluation, indicated at this time
that the polyurethane technology developed had progre#sed sufficiently to

allow the selection of a prototype boot that should meet the established
requirements.,
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Completed performance studics (informal Alaskan fleld 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 ouusole desigr in Figure 15
and the snow collar shown in Prototype R-3007 in Fijure i4 were used <«
form the selected production Prototype shown in Figure 22,

Description of Selected Production Prototype
“Boot, Lightweight, Tnsulated (Black),
Cold~ st 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 desfgn
developed, provides increased wear surface dimensions in the ball of
the foot and dimensional stability to the hoot over that of previous
designs. The outscle 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 1s expanded in the upper part of the boot is approximately a
10 pound per cubic foot poiyether type polyurethane (approximately
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 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 thi~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 desizn,

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
cotron fabric is removed to eliminate water pick up by the sncw
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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per boot, The formulations for the outsole, upper foam and outer skin
for use in producing the selected prototype are presented in table
XY and the socklining material is presented in ‘able XXI,

TABLE XX

Formulations for Boot Components

PHR
Materiais Dutsole Upper Foam Ouzer Lo
Vibrathane B-602 100 100
Adiprene L-42 100
mPDA L 4 3.4
Nitrosan 1.5 5
Santicizer S-140 18 25
SF 1079 Silicone Surfactant 1 1
SF 69 Silicons Surfactant 1.3
3041 Black 0.5 1.5 4,3
THF 106,5
Cyclohexanone 100,0
Toluene 86.5
TABLE XXI1
SOCKLINING MATERIAL
Nylon 1826 Nylon Tricot Net (2.7 oz/sq yd)
Gum Natural rubber .006 inch thick
Cotton 300 Cotton New (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
23 and 24 are compared, Figure 24 presents the component parts
that compr.:e tha seiected lightweight insulated prototype (24 to 28
ounces per boot size 10) produced by the integrally cast technique.
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¥hen the four components without the outer spray skin presented in

Figure 24 are compared to the 42 different component parts of the conventicn-
2lly fabricated standard black ins'lated boot {approximately Ui ouncez

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.

¢, Development of Tentative Physical Requir:ments

Based upon a review of all the physical properties obtained and with }
consideraticn given to developed processing procadures, 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:

oy RPN

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

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

s A o Al A i

(¢) Measurements for size determination:

1. Upper - After the boot is cut into two (2) parts along
the mold 1ines, refit the sections around the last to insure that the
cut edges meet each other and that the proper size dimensicns have

been achieved, H

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

g dimensions have besn achieved, The maximum tolerance shall npt exceed

o +8% at any point on the upper section and outsole., A description of the
points at whicli the thickness measurements are to be made is as follows:
Upper Sextion
Measuvement points 2, 2, 3, 4, 5 and 6 are all located at the top edge cf

3
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the boot. ints 1 auu 2 arc located on each side of the front mold
parting line. rointe 3 and 4 are located on each side ot the rear mold
parting lire. Points 5 and 6 arc located on each side midway between
the front and rear mold purting 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 thka 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 14 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 bottcm
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 approximsiely h& inches on each
side of points 15 and 16 on a line from the mold parting line to the
outsole.

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

Moosuroment woints 21 and 22 are located 3 inches on each side of
points 19 aal 2V, ¢n a line from the mold parting line to the outsole.
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TABLE Xx71T

SOCKLINING PHYSICAL PROPERTY REQUIREMENTS

Physical Property Federal Test Method Socklining
Standard No, 191

Adhesion 1bs/2 inch Method 5950 2,0 Min
(Wales direction)

Tear grams Method 5132 2400 Min
(Wales direction)

MEASUREMENT POINT THICKNESSES

Point Number Insulation Thickness
Range - Inches
1,2,3,4,5,6 100 - ,200
7,8,9,10 .500 - ,700
11, 12+ 400 - ,600
EV 13, lu 0500 - 0700
5 15, 16 .600 - ,800
i 17, 18 .600 - ,800
% 19, 20 .700 - ,900
21, 22 .700 - ,900

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

Qutsole

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
Bail 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 wear tests will
be used in an attempt to establish a relationship between physical
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properties and actual wear characterintica,

It 1s recognized that these tentative physical prox .8 are
based upon limited data and the fabrication of small que .ities of
experimental boots, These tentative requirements will b¢ used as
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 extansive 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 the
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 =zontinual evolution of the item
to its optimum development and efficiency thare may be some shn
and modifications made to materials, design and processes, However,
the feasibility of the concept and prcduction of this new footwear has
been determined to 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 «.f commercial producibility
has been completed to the point that extended durability tests under field
conditions are necessary to confirm laboratory data, develop use concepts
and establich final performance requirements.
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11, Conslysions

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 sisze 10 bcot is 2l to 28 ounces (approxi-
mately 20 ounces less than the standard cold-wet boot) and the water
absorption is lecs than 5% by weight. In addition, the integralily cast
technique developed significantly reduces the mumber of parts required,
elimingtes seams, and the need for adhesives and complex fabrication
techniques that could result in weak areas and poasible 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 lightweignt insulated

footwear indicate that the ecomomics and processes evolved may be satis-

factory for the final commercialisation of this new concept of lightweight
insunlated 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 process for the

application of the outer skin.

Basad upon the satisfactory completion of the Alaskan research test, to
be conducted by the U. S. Army Test and Evaluation Commsnd during the winter

of 1973-7L, 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-weather insulated boot.
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12. Summagx

The boots diveloped under this program may be considered the first
generation in a new concept of lightweight insulated military footwear,
The results of materials 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 reductién 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 26 practice of the concept of integrally cast expanded
polyurethane footwear was achieved,

Teniative 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)

Vibrathane B-602
Vibrathane B-50S
Santicizer S-140
PDA

Santicizer S-160
SF-1079 Silicone
Nitrcsan

US=-15SN

3041 Black
Toluene

THF

PHYSICAL PROPERTIES

100% Modulus (PSI)
300% Modulus (PSI)
Elongation (%)

Tensile Strength (PSI)
Split Tear (PPI)

Die C Tear (PPI)
Density (lbs/cu, ft)

25% Compression Deflec-

tion
@70° F(PSI)
@-20°F(PSI)

50% compression Set
After 22 Hrs @158°F
After 22 Hrs @700F

25% Compression Set
After 22 Hrs @-20°F

Reading after 10 sec,
Reading after 30 min,

NBS abrasion

Torsional Stiffness
Tp
Ty
T10
T100

OUTSOLE UPPER OUTER SKIN
100 100 -

- - 1CO
25 25 40
4 4 3.8
M 4 -

2 2 -
0.7 7 =
0,7 3 =
201 - s
S - 200

]
]
[24]
[

-
N

33 12 360
138 47 800
550 440 570
290 65 2840
5 2 22

= S 320
28 12 S
33,8 5,5 =
45,0 13 =

25 68 -

8 0 s

100 96,4 -
92,5 ay,2 -

22 S S

= o +90F
S = -390F
o = -67°F
S - -100°F
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1 APPENDIX B 4

BOOT # IC-312 - Chemical and Physical Property Description

Integraliy Cast, No Shank 4
Prototype A, Modification 1 .

Irsulation Thickness - Mils

Scck Weight 17 grams
Outsole Weight 310 grams
L Upper Insulation Weight 153 grams
[ Skin Weight 36 grams
1
t Overall Weight 18,2 oz,
4

! Upper Side Front Back ’
L Top 70 180 180
| Ankle 180 450 300
E Heel = - 376
Instep 360 500 -
% Toe 500 500
|
! Outsole
Heel 1200
Arch 550
Ball 780
|
Compounds Used: PHR
; Socklining - Solid
Skin
Royiar A 850 100
Outsole

Vibrathane B-602 100
1570 Black .
SF-1079 Silicone 2
Methylene Chloride 11
M-Phenylenediamine ,
Santicizer 5-160 4

Upper Insulation !
Vibrathane B-602 100
1570 Black .
SF-1079 Silicone 2
Nitrosan Dispersion 10
MOCA 9

80 %
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BOOT #IC=312 Chemical and Physical Property Description

Outer SKin

Vibrathane B-602
Nitrocellulose Black
M-Phenylenediamine

Physical Properties
Sock Lining

Tensile Modulus @ 100%
Tensile

Elongation

Tear, Die C

Tear, Split

Outéole

Density
Compressipility
Compression Set
NBS Abrasion
Water Absorption

Upper Insulation

Density
Compressibility
Compression Set

Skin

Tensile Modulus 100%
Tensile

Elongation

Tear Did C

Tear, Split

APPENDIX B (Cont'd)

100

1200 psi

6500 psi
550%
700 ppi
400 ppi

28 pef
45 psi
20%
225
1.2%

500 psi
7200 psi
53%

470 ppi

80 ppi !
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APFEENDIX C
REPORT OF CLIMATIC CHANBER TESTS OF ARTIC BOOTS
by John M. Lockrart

Chaxber Conditions: Subjectz were exposed to a -3C°F, temperature and 5 mph
wind condition for approximately 2 hours and 25 minutes.

Numter of Subjects: 51 aubjects were exposed to the chamber condition.

20 subjects wore the Standard White Artic 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 analysls was
coupleted using only those subjects who were exposed for the entire session.

0Of these subJects, 15 subjects wore the Standard White Arctic boot and 2£
subjects wore the Prototype Black boot.

Activity of Subjects: Immediately upon entering the test chamber, all subjects
performed manual tasks while standing at & table for approximately 25 minutes.
Atter this test period, the subjects walked on a trsadmill at the rate of
about 2.5 mph for 15 minutes. After the first treadmill period, the subjects
performed for a second test periol, 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 72et and from the instep of the left foot.
The thermocouples on the big toes were placed just below the base of both
nalls. After leaving the chambers, but tefore undressing, all subjects
fi1Zled out 4 questionnaire concerniag foot comfort and thermal sensation.

Results: The questionnaire responses for all test subjects who completed the
exposure conditlion are presented in Table 1. The numbers in Table 1 rovresent
the pumber of subjects who assigned that particular rating to the boots they
were wearing. Responses to question 3 were not analyzed. Analyses of -mariance
of responses to questions 1 and 2 showed no significant differences between

boots. However, the trend was for che 8tandard boot to be rated as more
comfortable and warmer than the Prototype boot.
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Table 1, Questionnaire Data

Under these environmental conditions,

my

&,
b
8.
d.
e,
£.

g
My

-1
b.
c.
d.
e,
f.
g

The amount of frost forming inside either boot was:

ae
b.
c.
d.

feet were:

very comfortable

comfortable

fairly comfortable

neither comfortable nor uncomfortable
somewhat uncomfortable

w1 comfortable

very uncomfortable

feet were:

very cold

cold

cool

about ths right tempercture
warm

hot

very hot

none
a little
some
a lot

Boot Type
Standard F.rototype

9 5

3 8

2 6

0 0

0 2

1 1
0 0

0 0

1 3

1 3

6 12

7 4

0 0

0 0
13 18
1 3

0 0

1 0
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The skin temperaturs data ussd were those readings obtained from the
right big toe. left big toe, and left instep of the subjecte. The test
periods during which subjects performed manual tasks were analysed sep-~
arately from those periods during which they walked on the treadmill.
One tempearaturs reading was obtained for each subject at the beginning
of sach of these periods and ancther at the end. The number of compliete
temperature records obtained from subjects wearing the Standard boots
and those wearing the Prototype boots differed for sach 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 mumber of subjects in each analysis are presented in Table 2. The
effect of toot type on 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 for the Standard
boot than for the Prototype boot.

Table 2. Overall Moan Surface Foot Temperaturs for Two Boot
Types During Exposure to -30°F., S mph Wind randition.

Reccrding Humber of Activity Session Number of
Site Sabjects Treadmill Subjects Test
Right Big Toe
Standard 1M 82.4 10 81.3
(Ns) (Ns)
Prototype 12 79.3 13 78.6
Left Big Toe
Standard 9 7.7 8 77.6
(NS) (n8)
Prototype 17 78.6 16 80.0
left Instep
Standard 12 86.7 1" 86.8
(p.01) (p.025)
Prototype 19 81.6 19 83.0

No‘s: p. indicates probability level for significant main effect. NS indicates
a nonsignificant main affect.
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Surface temperature at all three points dropped significantly across the three
tust sessions and across the two treadmifl sessluns. 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 sessiuvns or

test sessions were significant. The mean surfa_e temperatures for both boot
types acrcss each activity session are presented in Table 3. In general,
surrace temperature at all three recording sites for the Prototype boot was

rot lower than the surface temperature for the Standard hoot 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 boot 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 aifferences in cooling but due to differences in rewarming a~ a function of
exercise, In a conversation between the author and the developer of the
Prctotype boot, the developer mentioned a modification involving the addition
of a snaw collar tc be atimched to the top of the boot so that the bLoot may

be tightened around the leg. It is proposed that this modification would in-
crease the rewarming capability of the boot during exercise resulting in foot
surface temperatures very similar to those for the Standard White Arctic boct.

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

Surface Temperature Type of Activity

Recordi..g Sites Test 1 Treadmill 1 Test 2 Treadmill 2 Test 3

Right Big Toe

Standard 84, u 80,8 78.8
(p.025)
Prototype 87.0 79.6 69,3
Standard 84,0 80,8
(p.025)
Prototype 84,1 74,5
Left Big Toe
Standard 82.4 76.3 73.8
(NS)
Prototype 87.0 80,8 72,0
Standard 80.3 75,1
(p.05)
Prototype 8u.1 753.2
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Recording Sites Test 1 Treadmill 1 Test 2 Treadwill 2 Test 3

| Left Instep
! Standard 88.0 87.0 85.4
5 (p.005)
t Prototype 87.2 82.8 78,8
E Standard 87.2 86.2
(p.001)
Prototype 84,3 78.8

Note: p. Indicates probability level for significant interactinr, NS indicates
: a nonsignificant interaction.

Summary and Conclusion: A Prototype Black Cold Weather boot was compared with
fhe otandard WRite Arctic boot during exposure to a =-30°F,, 5 mph wind conditi:m
for approximately 2 hours and 25 minutes, Differences in subjective thermal and
comiort 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 ext:eme temperature and windspeed conditions for longer
periods of time using a recant 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 SEATTLE 20723

STEAC-MT-ENI 5 May 1971

SUBJECT: Letter Report of Customer Test of the Boot, Insulated, Light-

weight, USATECOM Project No. 8-LI-485-000-027F

Comranding General

U, S. Army Natick Laboratories
ATTN: AMXRE-CE

Natiek, 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:
tomer Test/Support Directive:

sulated, Lightweight,

Cus-
Engineering Design Teat of Boct, In-

¢. 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 aof a lightweight material with high insulative properties.
In order to assess this material and gain experience in its use, a

Research Test (relerence lc) was conducted at USAATC on prototype foot-
wear fabricated with the new material.

b, As a result of the experienced gained in the Research Test
and additional latoratory studies, NLABS has developed a s2rond 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 Wy 1971

SUBJECT: Letter Report of (ustomer Test of the Boot, Insulstad, Light-
weight, USATECOM Project No. 8-EI-485-000~02Y 3

c. It was requested that a Jimited Engineering Design Test be

conducted on 12 pairs of these experimental lightweight insulated
boots.

3. Test Objective:

The object:ve of this test was limited t> the evaluation of the
effects of wear by Arctic Test Center personnel as thay conducted
normal outdoor testing activities.

4. Method:

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

b. The boots were issued to 12 personnel involved in testing and
duty soldier activities in an arctic enviromment. 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 ranging from -47°F to above freezing
(inclosure 2) in terrain and weather typical of that encountered in
an arctic environment.

d., In an effort to reduce heat loss and preclude gnow entering
the boot as a result of the open top design, a modification was suggected
and approved by Dr, Malcom Henry of Natick Laboratories. The modifi-
cation was aprplied at this Center eand 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 above freezing and permission was requested and received from
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SUBJECT: Letter Report of Customexr Test of the Boot, Insulated, Light-
weight, USATECOM Project No., 8-EI-485-000-02% 3

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.
3, Summary of Results:

3. Results of the Preoperstiongl Inspection:

Left Right
Average height from heel to top of boot 10.79 in, 10,76 in.
Average length from toe to heel 12,16 in, 12,15 in.
Average width of boot at widest point 4.93 1in, 4,89 in.
Average tread depth of sole 0.201 in. 0.265 1ia,
Average tread depth of heel 0.257 1in. 0.270 in,
Average weight of boot 1 1b. 8 oz, 1 1b, 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 Fifficulties. Difficuities
were reported by one individual whose feet measured 11 1/2E,

(2} Traction. Six of the twelve tes' narticipants stated that
the boot did not, at one time or anotheyr, 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. Left Right
T1 No damage. No damage.
T2 Two~inch cut across top of toe One-half inch punc~
approximately 1/8-inch deep. ture on right side,
Cause: Unknowm. approximately 1/4-inzh
deap. Cause: Recovering
One-inch cut along left side from hole covered with
approximately 1/4~inch deep. snow appreximately 3 feet
Cause: Snagged on an object deep.

while walking.
90
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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.
One=~fourth-inch cut on heel

approximately 1/8-inch deep.
Cause: Unknown.

No damage.

No damage.

One and one-half-inch cut
on heel approximately 1/8-
inch deep. Cause: TUnknown.
No damage-

Several lugs on center sole

missing. Possible cause:
extensive vehicle operation.

Nn

5 May 1971

Letter Report of Customer Test of the Boot, Insulated, Light-
weight, USATECOM Project No. 8~EI-485-000-02273

Right

One=~fourth-inch punc-
ture on toe approximately
1/4~inch deep., Cause:
Unknown,

One=-inch cut on heel
approximataly 1/4~inch
deep. Cause: Unknown,

One~half-inch puncture

on left side approximately
1/4-inch deesp. Cause:
Unknown.,

No damage.,

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

No demage,

One-fourth-inch puncture
on left side approximately
1/8=1inch deep. Cause:
Unkaown,

Several lugs missing on
center sole. Possible
cause: Extensive veni-
cle operation.
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Boot No. Left Right
T9 One-half-inch puncture on left Two-inch cut on heal
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.

(ne-fourth=inch cut on left
side of heel. Causes: Unknown.

T10 No damage. No damage.,
T11 No damage. No damage,

(4) Effect of Petroleum Products (Gasoline, Diesel, Solvent,
Antifreeze, Motor Oil, and Grease). Six test 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, brakss,
etc., were reported.

(6) Compatibility with Military Skis and Snowshoes:

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

(b) One proficient skier, foot size 11EE, fitted with the current
Standard A croes-country ski, reported that the test boot offsrs less
ankle support than the White Vapor Barrier boot or the Mountain and
Ski boot. It was also reported that excessive heel 1lift occurred when
lunging forward as in a 'one step" ski movement.
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(7) 1Insulative Value:

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

(b) The circumsi:ances were as follows:

Participant Numbter 1

Toot Size Ambient Temperature Exposure “Activity
11 1/2E -15°F to -30°F 2 hours Vehicle test officer (super-
. visory)
=25°F 4 hours Vehicle test officer (super-
visory)
=47°F 3 hours Vehicle test officer (super-
visory)
=-0°F to =20°F 3 hours Passenger in UHl 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 parsgraph (7)
ab rve. reported difficulties with support and balance. The one with
size 11FE 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 1in. ,183 in. .0l4 in. +265 in., .239 in., .026 in.
Heel +257 in. .247 in., .010 1in. .270 in. .255 in. .015 in.
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(b) Average wear -~ .018 inches or approximately ./64-inch.

(c) The instrument ured to measure tread depths was designed for
use on a flat metal surface. It is probable thst 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 buot size. )

6. Conclusion:

No substantial conclusions can be drawn duz to the limited sample
size and short test period. It is the opinion of this Center that the
test item i8 not as durable as the Standard Wnite Vapor Barrier Boot,

7. Recomendation:

It is recommended that the boot, with gauntlet and improvements
in durability, be tested in a more extensive Enginazer Design Test ueing
an adecuate sample of properly fitted soldiers in an arctic winter field
environment of 6 months duration.

FOR THE COMMANDER:

2 Incls K, E. CHILDS, JR. e
as CPT, AGC
Adjutant

Copies furnighed
CG, USATECOM, ATTN: AMSTE-BC, APG, MD 21005
CG, USATECOM, ATIN: USACDC LnO, APG, MD 21005

ok
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Us 8, ARMY ARCTIC TEST CENTER
APO EEATTLRE 08733

BOCT SUITABILITY-COMPATIBILITY FORM

T TR I G RN T e

GEMERAL: The test participnat will complete this form at the end of ssch test
day,

(NAME) (LARTY) (FIRST) (MI1) (DATB)

1. Which boot did you wear:

_ Bt b T et f ikt R

Boot -No.
I wore pair(s) of socks.
(number) ~ (type)
2. VWhat was the outdoor temperature range? oF to op

3. Describe irn detail your activities while wearing the test boot:

(L L

4, Were the boots comforteble? Yes No

17 no, explain

5. I enccuniered the following difficuivies: muone
O stizs [ o co1d [d Failure to nold binding
5 [ ioose T vign: ) pitficulty 1n mounting
D Too warm DMobility D Boot got wet inside

D Beceume of:
D Perspirsation DSnow, ice D Water

STPAC~WY-EN Form 311
£ Oct 7C (ome tive)
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Explain how snow, ice, or water got in the boot

6.a. I wore the test boot in or on (vehicle) for houra (avd did whet?)

Tt . .

6.b, I encountered difficulty in;
D Iouﬁti'ng and dismounting ' D Foot comfort

aug and foot room DOth"‘

7. Did you have eny problem domnning or doffing the boot? D Yes Dllo

What type glove did you have on?

8. Answer Yes or No:

g, Ubid the bont give good support?

b. Did the boot give good balance?

¢. Did the boot provide gcuod traction while walking on melting ice?
d. Waa the boot comfortebie while traversing mountainous teirain?

If no, explain

e, Did the boot slip at the aeel?

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)

vy e w

Was the damaged boot able to provide adequate insulation? D Yes DNO

10. Examination of your feet revealed?

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

Why?

1 have the following comments:

—— e - o
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APPENDIX E

W2l ccort 4L Les_sation of Boot, Lightwei
ght, Insulated
Wellington Style ’ ’

by
Headquarters, United States Army, Alaska
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DEPARTMENT OF THE ARMY
HEADQUARTERS. UNITED STATES ARMY. ALASKA
APO SEATTLE 087 49

ARACD 17 JUN 1971

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
{ and II developed by Company O, 75th Infantry (Arctic Rangers), Parts
IIT and IV developed by the ivth Aviation Battalion and Parts V and VI
contain the overell conclusions and recommendatiogms.

FOR THE COMMANDER:

rl

/) .
1 Incl é_ A _)

as C. H. PASKE, III
1LT, AGC

Asst Adjutant Generasl




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

I

General Data

l. The experimental boot was worn by the same five men during the test
period and encompassed a 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.

IT

Remarks

1. Boots were utilized in sgkiing, 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 hcel 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 snowuhoeing 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 I whicn the feet remain warm (moving and
standing) was -20"F,

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

19th Aviation Battalion

' 1981
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 were far superior to the VB boot; hc :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 problcms 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 tc 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 ccmpositicn 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 mukluks for fiexibility, warmth and comfort
over the Test Boot,

Overall Conclusions/Recommendations

\

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 tc accept a cablc 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 alleg. dly 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 tlie 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
accert a cable type ski binding. Prototypes should be designed (not on
the same 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 uonlarged; however, not to the extent that hesel
slippage will occur,
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APPENDIX T

Teat Methods Used in Determining Ph

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 £ Tear

Abrasion Index

sical Properties

Method
ASTM=-D=-412-66
ASTM-D-1056-67T

ASTM-D-1056-67T

ASTM-D-1056-67T
ASTM-D-1053-65
ASTM-D-624-54
ASTM-D-2240-64T
ASTM-D-1056-67T
ASTM-D-624=54

ASTM-D-1630-61

Space Density By water displacement
Water Absorption Federal Std, No 601 Method 12411
6 inch head
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