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SUMMARY

This report describes in detail all production equipment, production

methods, and process conditions required to fabricate the lightweight

insulated boot. Cycle times for the various major operations

are included based on the optimum operation of the available

equipment. Mold requirements, equipment layouts and operations

flow chart are listed.

A manufacturing line has been designed, fabricated, and installed

to produce finished lightweight insulated footwear from liquid

injection molded expanded polyurethane. The minimum production

rate is sixty pair of boots per week, utilizing the equipment

one shift per day five days per week. These boots will meet

established design criteria and required physical properties.

The equipment is capable of producing boots in a size range of

4 through 14 and widths from XN to XW.

The method being used for production of lightweight insulated

boots consists of molding a fabric lined, urethand foam upper

utilizing four individual mold unit stations and a three-stream

foam injection unit. The uppers are trimmed, buffed, and sprayed

in specific areas with a release coat. A fabric tube sock is

then slipped over the foam upper. The uppers are "banked" until

sufficient quantities are produced to warrant switching the

equipment to the outsole producing cycle. During this operation,

using the same mold stations, the upper is relasted and the outsole

is then molded to the upper using a two-stream system in the foam

injection unit. After curing, the boot is stripped, trimmed,

and buffed.
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At this point the boot is ready for application of the outer

skin coating. An electrostatic spray unit is used to coat the

boots with a tough urethane film. The basic principle is to

pump two components to a spinning disc, mixing the components

just prior to depositing in a well located in the center of

the disc. The disc can be programmed to raise and lower in

order to deposit the coating where desired from top to bottom

of the boot. The spinning disc "sprays" the coating toward

the rotating boot and the urethane particles are electrosta-

tically attracted to the boot. After coating, the boot is

cured and then trimmed at the top edge and the snow collar

attached.

Approved boots thus finished are final inspected, mated left

foot to right foot of the same size and width, and transported

to the packing area for pack out and shipment.
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PREFACE

An expanded polyurethane pull-on type insulated boot consisting of five com-

ponent parts has been developed. This insulated boot weighs approximately

830 grams per boot in size lOR as compared to approximately 1300 grams per

boot for the standard insulated boot. The current standard insulated boot

is fabricated by techniques that are becoming obsolete in the footwear

industry. The procedure involves many hand operations and in the case of

the insulated boot consists of the hand lay-up of 44 component pieces over

a last. The various parts are formed into an integral unit through the use

of adhesives and the building tack inherent in the rubber compounds used.

The resultant boot is functionally adequatep but suffers from the drawback

of excessive weight. The wool fleece now used in the standard insulated

boot provides satisfactory insulation in undamaged boots; however, when the

outer protective layer is punctured or torn the wool fleece absorbs moisture,

resulting in rapid loss of insulating properties. In the expanded poly-

urethane boot, even if the outer coating is torn, the foam will pick up

very little water since it is a closed cell system.

Previous work on this project is covered in Report NATICK/TR-78/004, June

1977, Automated Production of Insulated Footwear. Up to this point there

was no production capability to accomplish this new approach to insulated

footwear. The current contract was awarded to set up a production line

capable of producing 60 pairs of boots per week on a repetitive basis.

This report (1. Method) and an accompanying report (2. Instruction Manual)

describes the work performed during the period 15 September 1977 to 15 July

1979 under continuation of the previous program. Under the guidance of

Project Officer Joseph E. Assaf, US Army Research and Development Laboratories,

3 ;



the selection, purchase installation, and evaluation of production equipment

was performed by Uniroyal Incorporated, Middlebury, Connecticut. This work

was conducted under Project 7758035, Automated Production of Insulated

Footwear under Contract Number DMAK60-77-0071.

The Project Officer wishes to acknowledge the valued suggestions of Dr. Roy

C. Laible of the Polymers and Organic Materials Branch of the Clothing, Equip-

ment and Materials Engineering Laboratory and the guidance of Mr. Douglas S.

Swain, Footwear Technologist at NARADCOM, relative to design consideration.
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PRODUCTION OF INSULATED FOOTWEAR USING
LIQUID INJECTED MOLDING EQUIPMENT

1. METHOD

BOOT MANUFACTURING TECHNIQUE

Previous work on boot manufacturing technique proved the

feasibility of the concept of a lightweight expanded polyurethane
1

pull-on type insulated boot. Since that work was done on

pilot plant equipment, the present contract was initiated to

scale up the equipment and to select, purchase, install and

evaluate production equipment that would be capable of producing

60 pairs of boots of all sizes per 5 day week, while operating

a single shift each day.

The boot as it is fabricated consists of an outsole, upper,

leg-lining, fabric reinforcing tube sock, outer coating,

and a snow collar and duplicates units previously provided

by UNIROYAL (Figure 1 and Figure 2). The production process

FIGURE 1 - POLYURETHANE INSULATED BOOT

I I I..". 1"1M U



utilizes four UNIROYAL designed unit molding stations;

six pair of UNIROYAL designed molds in sizes 8W, 9R, 9W,

IOR, IIR and 14XW; one Desma PSA 73 three-stream liquid

polyurethane injector; one Ransburg electrostatic coating

system, and other ancillary equipment as shown in the

layout in Figure 3. This equipment provides a capability

of producing sixty pair of finished boots per week, utilizing

the equipment one shift per day, five days per week. The

prepolymer compounds for the line testing are made at the

UNIROYAL-Oxford Corporate Research and Development area and

delivered to the production area. All other compounding is

done in the production area. Legliners and snow collars are

cut in the UNIROYAL Dublin, Georgia Plant Cutting Department

and delivered to the production area in Connecticut where

all stitching operations are performed. The spray masks

used during application of the release coating are thermoformed

in the production area.

The sequence of operations required for boot production are

as follows: The boot leglining and socklining (Figure 4),

are made of 1830/1 black, urethane coated nylon tricot

weighing 4.8 + 0.5 ounces per square yard (163 + 17 grams

-0.3 - 10

John C. Gaynor, Automated Production of Insulated Footwear,

NATICK/TR-78/004, June 1977 (AD A061049).
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per square meter). These parts are clicker cut from

roll stock using dies graded from the size loR cutting

pattern. The leglining is folded and the front seam

edge closed with a merrow style A-3-3 stitch, using a

loose thread tension at eight stitches per inch. The

proper sized socklining is then stitched to the bottom

of the leglining with a merrow style A-3-3 stitch, using

a loose thread tension at eight stitches per inch.

The coated side of the lining is placed to the inside of

both parts. Number 69 black nylon thread is used in

all stitching operations. The completed lining unit is

then hooded over the mold last with the nylon side to

the last. The polyurethane coated surface is wiped

with vythene to remove any surface contamination, and

the stitched seams are taped over with scotch #29

electrical tape 1/2" (1.27 cm) wide. The boot last

with its lining assembly is lowered into the mold

cavity, and the mold (Figure 5) is closed. The last,

as well as the other mold sections, are maintained at
0 0

a temperature of 200 F (93 C). Using the foam injection

unit (Figure 6), polyurethane foam compound is then

injected into the mold cavity defined by the bottom of

the last and top of the outsole insert. The soleplate

(outsole portion of the mold) is raised, forcing the

injected polyurethane into the space defined by the mold

walls and the last sides. The foaming action of the

polyurethane completes the mold fill. The molded upper

17
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FIGURE 6 -FOA INJECTION UNIT
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is then cured for 15 minutes in the closed mold. At the

completion of cure, the mold is opened, the last raised,

and the boot upper removed from the last. The flash is

then removed from the upper using a rubber roll buffer,

and it is inspected, weighed, and repaired if necessary.

The repair procedure consists of routing out the bad

areas, filling with repair compound and curing the

repaired boot for 10 minutes in a hot air oven at a
0 0

temperature of 140 F (60 C). After curing, the repaired

section is buffed into a smooth contour with the adjoining

areas. The upper is now sprayed with a release agent in

the area over the vamp, and around the side over the

ankle and up the back seam. The vacuum formed spray

mask is used to confine the release to the

specified areas. The knit fabric tube sock is then

pulled over the upper. Approved uppers are then stored

on boot trucks in an in-process bank prior to remolding

for the application of the outsole.

In the remold operation, the boot upper is relasted on the

unit station heated last and the last assembly lowered

into the mold, and the mold closed. The polyurethane

outsole compound is then injected into the cavity defined

by the soleplate, rings, and the boot bottom. The soleplate

is raised closing off the injection port, and the foaming

action of the polyurethane compound completes the mold fill.

19



0 0

The boot is then cured for 15 minutes at 200 F (93 C) in

the closed mold. The boot's size and width are molded into

the shank of the outsole. After the 15-minute cure time,

the mold is opened and the boot removed. The mold is

brushed clean of any flash and prepared for the next

molding. The boot is buffed, weighed, and inspected.

After inspection, approved boots are placed in an inventory

bank for subsequent processing.

In preparation for electrostatic spray coating, the boot

is damp-wiped with methylene cloride over its entire

surface--with the exception of the bottom of the outsole--

to remove any surface contamination. The boot is hooded

over a metal support form (short last)(Figure 7), and

a polyurethane spray mask is tacked over the bottom of

the outsole of the boot, using short staples or two pieces

of double-sided tape. The boot is then attached to the

Ransburg electrostatic spray monorail via a swivel hook.

The boot is passed through the electrostatic spray system

(Figure 8), where the boot is sprayed with a polyurethane

coating compound for 12 minutes. During spraying, the

metal support form is grounded, and the polyurethane

spray is given an electrically positive charge to attract

the spray coating to the surface of the boot. The boots

are then set aside onto a boot truck 60-pair capacity

(Figure 9), and pushed into the drying oven (Figure 10).

The oven controls are set to provide a room temperature

air-dry for 4 minutes, to allow the solvent to evaporate.

20
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0 0

The boot is then hot-air cured at 250 F (121 C) for

24 minutes. The oven temperature is then lowered to
0 0

160 F (71 C) for final solvent evaporation. The boots

are left in the oven for 10 hours to assure complete

solvent evaporation. After the boots are removed from

the final solvent evaporation oven, they are allowed to

cool at room temperature for one hour. The metal support

form and polyethylene spray mask are removed from the

boot, and the boot is returned to the boot dryer truck.

The boots are then trimmed to the proper height 10-1/4"

(26 cm) minimum. After trimming, the boot is moved to

the finishing area where the snow collar (Figure 11)

is attached. In the collar operation, the appropriate

size collar is clicker cut from roll stock 1830/1 black,

urethane coated nylon tricot weighing 4.8 + 0.5 ounces
- 0.3

per square yard (163 + 17 grams per square meter), using
- 10

dies graded from the size 1OR cutting pattern. After

cutting, the collar is eyeletted, centered to a die-cut

location hole (shown in Figure 11 marked "Stab" (see

Figure 11) using a United Shoe Machine Model "C"

eyeleteer with washer-type eyelets. There are two eyelets

and two washers per collar, and the eyelet must be on the

nylon tricot. The bottom of the half side panel of the

collar is turn " (1.27cm) and single-stitched with #69

nylon thread (Threads, Inc.). With a one-half (side)

part of the collar laid flat, nylon side up, and the

eyelet to the left, and size notches to the bottom,

25



the contractual markings -- size, width, manufacturer's

code, month/year of manufacture, and contract number --

are to be stamped onto the part at a location which is

approximately 1" (2.54 cm) below the eyelet and centered

within this area. White ink is to be used. With this

side panel so stamped and placed, a mated side panel

(not stamped) is placed over the first side, nylon to

nylon. The curved side edges are then single-needle,

lock-stitched together, using a Singer Model "168" post-

seamer stitching machine. A stitching margin of 1/8"

(0.32 cm) and a setting of eight stitches per inch are

to be maintained. With the eyelets centered to the

front of the boot top, the inside edge of the collar

overlapping the inside top edge of the boot with a

1/4" (0.65 cm) margin, using an Ozan overedge sewing

machine set at 6 stitches per inch. A 36" (91.44 cm)

black tubular cotton shoe lace with black acetate tip

is inserted through the eyelet, looping it around the

collar. The top part of the collar is folded down

overlapping the top outside edge of the boot by 3/4"

(1.9 cm) and zig-zag stitched at 6 stitches per inch

with a 1/8" (0.32 cm) minimum and a 1/2" (1.27 cm)

maximum stitching overlap using a Singer Model "107W50"

sewing machine. At the back seam of the collar,

approximately 1" (2.54 cm) down from the folded top edge

and lace, the collar is bar-tack stitched together,

26
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horizontally to the top edge for a distance of

approximately 1" (2.54 cm) using a Singer Model 269

bar tacker sewing machine. Each end of the lace is

then double-loop tied, to prevent it from pulling back

through the eyelet.

Approved boots thus finished are final inspected, mated

left foot to right foot of the same size and width,

the nylon collar and lace turned down ins'ide the boot

and transported to the packing area.

II. PRODUCTION PROCESS DESCRIPTION AND REQUIRED EQUIPMENT

The following process outline and attached operations

process flow chart (Figure 12) cover the processing

sequence and required equipment necessary to produce

lightweight insulated boots. An equipment floor plan

was previously shown in Figure 3.

1. Prepare Socklining

All fabric cutting of the urethane coated

nylon fabric for the legliner is performed

at UNIROYAL's Dublin, Georgia Plant using

UNIROYAL equipment and the parts are shipped

to the manufacturing area in Middlebury, CT.

III -- - 28
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The operations involved are as follows:

(1) Mount roll on let-off.

(2) Ply up fabric on lay-up table.

(3) Cut sock liner (Figure 4) to desired

size (Table 1).

(4) Cut leg liner (Figure 4) to desired

size (Table 1).

FABRIC CUTTING DIES

TABLE #1

This table lists the fabric cutting dies corresponding

to boot size.

Boot Leg Liner Sock Liner Collar
Size Die Die Die

8W CM 1391 8H CM 1390 8H CM 1368 81

9W CM 1391 91 CM 1390 91 CM 1368 91

9R CM 1367 91 CM 1352 9/9 CM 1368 91

1OR CM 1367 10J CM 1352 10/10 CM 1368 101

11R CM 1367 11K CM 1352 11/11 CM 1368 11K

14XW CM 1397 14N CM 1396 14N CM 1398 14N

31



Prepare Socklining (Continued)

(5) Close stitch legliner.

(6) Join sockliner.

(7) Deliver liner to upper molding area storage.

OPERATION EQUIPMENT

Cut Socklining parts Brockton Cutting Dies,
1 " Steel

Clicker cut parts Hudson Shoe Machinery
Clicker, Model A-90

Close stitch legliner Merrow Sewing Machine,
Model A-3-3

Join legliner Merrow Sewing Machine,
Model A-3-3

Store stitched parts Stitched Parts Storage
Trucks, UNIROYAL Property
(Figure 13)

2. Produce Upper

The operations involved are as follows:

A. Compound Hardener (Upper Component "B")

(l)Melt down base polymer.

(2) Weigh and add ingredients to mix tank (Figure &-I).

(3) Transfer heated compound to foam machine.

B. Compound Prepolymer (Upper Component "A")

(1) Take peepolymer from cooler.

(2) Melt down prepolymer (Figure A-2).

(3) Add prepolymer to mix tank (Figure A-3).

(4) Transfer heated compound to foam machine.

32
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C. Compound Blowing Agent (Upper Component "C")

(1) Take blowing agent from freezer.

(2) Add ingredients to compound mix tank.

(3) Transfer chilled compound to foam machine.

D. Set up Mold Station (Figure A-4)

(1) Mount mold (Figures 5 and A-5; Tables A-i

and A-2) in station.

(2) Heat molds.

(3) Hood sockliner, tape, wipe with vythene.

(4) Close mold.

E. Set up Foam Machine (Figure 6)

(1) Set all control temperatures. (A and B component

@ 1000C, C Component @ 10°C).

(2) Check ratios.

(3) Make trial foam cup.

F. Make Upper

(1) Inject foam.

(2) Cure; strip from last.

Truck drum of base resin for the "B" Component to oven area

and put on the drum rollator for melting and mixing. Push

the rollator into oven and heat until resin is completely

melted. Weigh resin and other components into electrically

heated mixing tank (Figure A-1). Agitate and heat compound

to the supply temperature. Truck the mix tank to the foam

machine. Transfer the compound material with nitrogen

pressure to the supply tank of foam mixing machine.



Warm the containers of prepolymer ("A" Component) in hot

water bath (Figure A-2). Weigh prepolymer into the

electrically heated mix tank (Figure A-3). Heat and agitate
0

material to the supply temperature (100 C). Truck mix tank

to foam machine. Transfer with nitrogen pressure to the

supply tank of the foam machine.

Take the blowing agent from the storage freezer. Weigh

blowing agent and other ingrediants into the cooled, jacketed

mix tank. Agitate and cool until the supply temperature

is reached. Transfer with nitrogen pressure to the supply

tank of foam machine.

Mount proper size mold rings, outsole plate, and last into

the mold unit station (Figure A-4). Turn on heat and bring

mold to the desired temperature. Hood sockliner on the last

and hook-over pins at top. Tape stitched seams. Close mold.

Activate foam machine and set temperature controls on heat

exchangers to control compound temperatures. Check flow

rates of all three compounds to determine if proper ratio is

set. Set mixing screw to proper set back, and run a foam

cup batch to check foam quality.

If all checks are within specifications, inject foam into mold

cavity. Allow proper cure time, then open mold, strip part,

and put on storage rack.

36



EQUIPMENT REQUIRED

OPERATION MODEL USED

Warm Drum Storage Dispatch Oven, Model RS5HD

Truck Drums Dosier Equipment Co., Drum Trucks

Rollate Drum Morse Manufacturing Co.,
Model 5154 Rollator

Weigh (Grams) Torsion Balance Co., Model PL-12
Balance

Weigh (Pounds) Toledo Scale Company, Model 2081

Pressure Feed with Local Supplier,
Nitrogen Nitrogen Cylinders

Melt Down Prepolymer UNIROYAL Design Tank D-3287

Mix and Heat Compound Electric Heater Company,
Tank 78-2087-1

Mix and Cool Compound Electric Heater Company,
Tank 78-2087-5

Mix and compound room UNIROYAL Design Room

Mix and inject foam Desma, GMBH, PSA-73 Foam Machine

Low Temperature Storage Polar Cooler Mfg., 6' x 6' x 6'
Walk-In Cooler

Truck compound Material Divine Brothers Company,
2' x 41 Truck

Inject into boot mold UNIROYAL Design Mold Station,
D-3301

Wellman Corporation, UNIROYAL
Designed Molds

Exhaust Fumes Fabricate to suit
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3. Release Coat Upper - Hood Tube Sock

The operation involved are as follows:

(A) Trim and buff upper

(1) Scissor Trim

(2) Grind off flash

(B) Form Spray Masks

(1) Cut blank

(2) Load vac form unit

(3) Heat stock and form

(4) Strip and trim

(e) Spray release on Upper

(1) Clamp mask to upper

(2) Spray release coat

(3) Dry upper

Before the foamed upper can be release-coated, it must be

trimmed and buffed. Scissors are used to remove excess

flash, and final trim is accomplished with a buffer.

In order to control the areas on which the mold release is to

be applied, a spray mask is used. It is made of polyethylene

and is shaped by vacuum-forming it over a shape duplicating

the outer contour of the boot upper. It is then stripped

and trimmed leaving a flange than can be clamped to hold the

mask to the upper. The release coat is applied with a pressure

cup spray gun using just enough material to form a continuous

film. The coating is then allowed to dry tack free to the

storage truck. The fabric tube sock is then hooded over the

foam upper.
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OPERATION MODEL USED

Vac Form Spray Mask AmPac Company, Model 4005W Vac
Former

Spray Release Agent Dayton Electrical Mfg. Spray Gun
22-366

Buff Boot Flash Local Mill Supply, Dremmel Tool Set

4. Apply Outsole to Upper

The operations involved are as follows:

A. Drain "A" & "B" Component supply tanks on foam machine.

(1) Flush tanks to remove residual compound.

B. Compound Outsole Hardener

(1) Melt down base polymer.

(2) Weigh and add all ingrediants into mix tank
(Figure A-1).

(3) Transfer heated compound to foam machine.

C. Compound Outsole Prepolymer

(1) Take prepolymer from cooler

(2) Melt down prepolymer (Figure A-2)

(3) Add prepolymer to mix tank (Figure A-3)

(4) Transfer heated compound to foam machine.

D. Set Up Mold Station (Figure A-4)

(1) Mount mold in station (Figure 5)

(2) Heat Molds

(3) Relast Upper

(4) Close mold
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E. Set up foam machine (Figure_6)

(1) Set all control temperatures.

(2) Check ratios.

(3) Make trial foam cup.

F. Make Outsole

(1) Inject foam.

(2) Cure Strip.

Since both the "A" and "B" components in the outsole are

different than the upper components, the supply pots must

be thoroughly cleaned before switching compounds. Truck

drum of base resin for the "B" component to oven and put

on rollator. Push rollator into oven and heat until resin

is completely melted. Weigh resin and other components

into electrically heated mixing tank (Figure A-i). Agitate

and heat compound to supply temperature. Transfer with

nitrogen pressure to supply tank of foam mixing machine.

Warm containers of prepolymer ("A" Component) in hot water

bath (Figure A-2). Weigh prepolymer into electrically

heated mix tank (Figure A-3). Heat and agitate material

to supply temperature. Transfer with nitrogen pressure to

supply tank of the foam machine.

Mount proper size mold rings, outsole plate and last into

mold station (Figure A-4). Turn on heat and bring mold to

desired temperature (93 0 C). Relast foamed upper and close

mold. Activate foam machine and set temperature controllers

on heat exchangers to control compound temperature. Check

flow rates of both "A" and "B" components to determine if
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proper ratio is set. Set mixing screw to proper set back

and run a cup batch to check foam quality.

If all checks are positive, inject foam into mold. Allow

proper cure time, then open mold, strip part, and put on

storage rack.

EQUIPMENT REQUIRED

OPERATION MODEL USED

Warm Drum Storage Dispatch Oven, UNIROYAL Property

Truck Drums Dosier Equipment Co., 55-Gallon
Drum Trucks

Rollate Drum Morse Manufacturing Co.,
Model-5154 Rollator

Weigh (Grams) Torsion Balance Co., Model PL-12

Weigh (Pounds) Toledo Scale Co., Model 2081

Pressure Feed with Local Supplier, Nitrogen Cylinders
Nittogen

Melt Down Prepolymer UNIROYAL Design Tank D-3287

Mix and Heat Compound Electric Heater Company,
Tank 78-2087-1

Mix and Cool Compound Electric Heater Company,
Tank 78-2087-5

Mix in Compound Room UNIROYAL Design Room

Mix and Inject Foam Desma, GMBH, PSA-73

Low Temperature Storage Polar Cooler Mfg., 6' x 6' x 6'
Walk-In Cooler

Truck compound Material Divine Brothers Company,
2' x 4' Truck

Inject into bood mold UNIROYAL Design Station, D-3301

Wellman Corporation, UNIROYAL
Designed Molds

Exhaust Fumes Fabricate to Suit
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Specifications covering the foam mixing unit, the mold

station, and boot molds are included in Appendix A. Detailed

prints are included in the Instruction Manual 2.1

5. Apply Outerskin

The operations involved are as follows:

A. Compound Prepolymer

(1) Take prepolymer from cooler.

(2) Melt down prepolymer (Figure A-2).

(3) Weigh and add all ingrediants into mix
tank (Figure B-i).

(4) Transfer compound to supply tank (Figure B-2).

B. Compound Hardener

(1) Take prepolymer from cooler.

(2) Melt down prepolymer (Figure A-2).

(3) Weigh and add all ingrediants into mix

tank (Figure B-i).

(4) Transfer compound to supply tank (Figure B-2).

C. Finish trim and inspect boot.

D. Last boot on metal form

(1) Break last at split section (Figure 7).

(2) Slip toe section into boot.

(3) Slip leg section into boot and join toe.

1J. H. Flood, Production of Insulated Footwear using Liquid
Injection Molding Eouipment. '. Instruction Manual

NATICK/TR-80/020, 1.80.
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(4) Place spray mask on outsole.

(5) Hang lasted boot on spray conveyor (Figure B-3).

E. Set up electrostatic spray unit (Figure B-3)

(1) Apply pressure to supply pot (Figure B-l).

(2) Start pumps and fill supply lines to disc.

(3) Check flow rate to determine ratio.

(4) Catch cup and measure gel time.

(5) Connect all supply lines.

5. F. Electrostatically Spray Boots (Figure B-3)

(1) Start monorail conveyor and supply pumps.

(2) Spray

(3) Flush disc

(4) Remove sprayed boot from conveyor.

(5) Place on drying truck (Figure 9) and push
into oven (Figure 10).

(6) Dry and Cure.

(7) Remove truck from oven.

(8) Truck to finished area.

(9) Remove last and spray mask.

(10) Trim boot to proper height.

Warm the containers of prepolymer for the "A" component in

hot water bath (Figure A-2). Weigh and transfer the prepolymer

to the mix tank (Figure B-l), and dilute with solvent and

agitate until a uniform mix is obtained. Transfer the compound

to supply tank at the spray unit (Figure B-2).
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Warm the container of prepolymer for the hardener component

"B". (Figure A-2). Weigh and transfer the prepolymer to

the mix tank (Figure B-I), and dilute with solvent. Add

curative and agitate until a uniform mix is obtained.

Transfer the compound to the supply tank at the spray

unit (Figure B-2).

in preparation for spraying, the molded boot must be

finish trimmed, and buffed at the joint line between the

upper and outsole.

Lightweight aluminum metal forms constructed in two

pieces;a toe section and a heel-leg section (Figure 7)

are used to slip inside the foamed boot before spraying.

This metal form acts as a negatively charged target for

the positively charged spray particles since the boot

itself is relatively non-conductive. After the forms

are inserted, the boots are hung on the electrostatic

spray monorail.

At the spray unit the compounded outer coating solution

is fed from the mix container to the supply container

by a pressure feed. After filling, a slight positive

nitrogen pressure is kept on the supply container to

insure the metering pump does not cavitate. The pump

supply to the disc is started and the feed lines filled.

A weight check is taken on both ingredients to insure

that the proper ratio is being supplied to the disc and

the gel time is checked. The supply lines are connected

to the premixer at the disc.
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The electrostatic unit is now activated, and the monorail

carries the boots into the spray booth proper. As the

boots enter they are rotated as well as moving through

the booth. The cycle within the booth is ten minutes.

When spraying is completed, the lines are flushed and

the unit shut down. The sprayed boots are taken from

the monorail and placed in the drying truck. The truck

is pushed into the oven for drying and curing.

The truck is then removed from the oven and taken to

the finishing area where the boots are stripped off the

spray forms and the spray mask is removed. The boot

is now ready for trimming to the proper height.

Additional information on the electrostatic spray process

is included in Appendix B. Detailed prints of the system

and all auxiliary equipment are included in the

Instruction Manual. (Reference 2.)

Environmental impact data is contained in Appendix C.

i
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EQUIPMENT REQUIRED

OPERATION MODEL USED

Mix prepolymer Solution Electric Heater Company, Tank
78-2087-3

Mix curative solution Electric Heater Company, Tank
78-2987-3

Last upper on metal form Wellman Company, UNIROYAL D-3154
last

Transfer prepolymer to supply Electric Heater Company,
tank Tank 78-2087-4

Transfer curative to supply Electric Heater Company,
tank Tank 78-2087-4

Electrostatically Spray Ransburg Corporation Spray
Boot Equipment

Dry Boots UNIROYAL Design Oven D-3302

UNIROYAL Design Truck D-3290-2

6. Attach Snow Collar

A. Trim boot to proper height.

B. Procure cut parts (coated fabric) from Dublin Plant
following Steps in 1.

C. Eyelet Collar.

D. Stamp Collar with required information.

E. Turn collar halves

F. Lockstitch collar halves together.

G. Attach collar to boot.
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The spray-coated boot is now trimmed to the proper height with a mechanical

trimmer in preparation for attaching the snow collar.

The snow collars are cut to desired size with appropriate collar dies

(Table 1).

Collar halves are processed through an eyelet machine inserting one eyelet

in each half. With the half collar fabric side up, the collar is stamped

using a rubber hand stamp and white ink with all required size and contract

data. Both halves are turned using a flat-bed, single-needle sewing

machine. The two halves are now joined together with a single-needle

lock stitch using a post seamer. With the eyelets centered in front of

the boot top, the snow collar is slipped over the top of the boot. The

inside bottom edge of the collar is attached to the inside top edge of

the boot using an over edge sewing machine. The lace is inserted through

the eyelet and looped on the collar. The top part of the collar is folded

down overlapping the top outside of the boot and zig-zag stitched. The

back seam of the collar is bar-tack stitched to hold the lace in position.

Each end of the lace is double-looped to prevent pulling back through the

eyelet.
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EQUIPMENT REQUIRED

OPERATION MODEL USED

Trim top edge of boot U.S. Shoe Machinery, Model B Trimmer

Eyelet snow collar half U.S. Shoe Machine, Model B
Eyelet Machine

Turn snow collar Singer Corporation, Model 168WSV7

Join snow collar halves Singer Corporation, Model 138WSVZ
Machine

Overedge stitch collar Ozan Corporation, Overedge Machine
to boot

Zig-Zag stitch-collar Singer Corporation, Model 107W50
to boot Machine

Bar Tack Collar Singer Corporation, Model 269
Machine

Load parts in truck UNIROYAL Design D-3290-1

7. Final Inspect and Pack

A. Check boot against acceptance standards. (Table D-l)

B. Gauge and weigh boot.

C. Fabricate carton for individual pair and stencil.

D. Pack pair with release paper wrap and tube.

E. Staple six-pair carton and stencil.

F. Pack six pair in carton cement and tape.

G. Truck to warehouse.

Before packing boot, determine compliance with visual

acceptance standards (Table D-l). Check gauge and weight.

Assemble boot pair carton on case out table. Package pair

as per specifications. Staple bottom flaps of six pair and

close lid by cementing and then apply three-inch tape.

Truck to warehouse with walking pallet truck.
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EQUIPMENT REQUIRED

OPERATION MODEL USED

Weigh Boot Torsion Balance Company, Model PL-12
Balance

Gauge Boot Starrett Instrument, Caliper

Staple Carton McMaster Carr, Model 1954YZ Stapler

Tape Carton Counterboy, Inc., Model, Tape Shooter Jr.
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IV. LINE TEST PROCEDURES

The equipment installation for producing lightweight

insulated footwear was subjected to a line test

procedure in the presence of the project officer to

satisfy the requirements of the contract. The following

trials were run:

I. Each piece of equipment was operated at a rate

adequate to produce 60 pair of boots per week on

a one-shift basis, as specified in the contract.

2. Three pair of boots in Sizes 8W and 14XW were molded

to show the capability of the mold stations to handle

the two extremes of the mold sizes purchased as part

of this contract.

3. Two boots were made in successive shots in the same

mold under the same process conditions. The boots

after curing and cooling were sectioned and gauged

at various points. The cross checks showed a 3-5%

variation between boot gauges most of which is

involved in measuring a cellular compressive material

with calipers. The boots were well within the thickness

tolerance for the specific areas listed in the contract

specification (Table C-3), demonstrating the

accuracy of the positive last location within the mold.

4. In making the boots for the various appearance and thickness

checks, the capability of the mixing equipment to handle the upper

and outsole compounds and make aood quality fom was demonstrated.
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The following contract requirements were demonstrated by the

molding of good quality boots.

a. Ability to handle PTMG and quasi prepolymer compounds

since both upper and outsole compounds are based on this

type of systems.

b. Ability to meter and mix either a two-component or

three-component foam system. The upper compound requires

that a three-component system be processed and the outsole

required that a two-component system be processed. Both

compounds were used to make complete boots.

c. The supply pots, pumps, and feed lines were controlled

at the specified temperatures with the "A" and "B" component
0

set at elevated temperatures (100 C) and the "C" component
0

set at less than room temperature (10 C).

d. Both sizes 8W and 14XW were shot in consecutive injections

by changing the impulse counter on the foam unit which

in turn controls the length of the shot time. Any

combination of sizes can be run concurrently in the mold

stations and all that is required is that the proper

impulse count be set before injection.

e. In changing the foam machine over from the upper compound

to the outsole compound the supply tanks were changed.

The gear drives on the metering pumps were also changed

so that the correct ratio of each component was then

supplied to the mixer, thus demonstrating the ability

to vary the ratio as required by the particular foam

system being processed.
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f. The boots made on consecutive shots in the same boot

mold were weighed and varied by only five to ten grams

on a total shot size of approximately 330 grams. If

consecutive cup shots from the mixer are made, the

variation is even less (1 to 2 grams on a shot of

100 grams) because flash loss and sprue size of the

molded part are eliminated as loss factors. This

indicates very precise shot size delivery. The accuracy

of metering was further demonstrated by taking repetitive

cup samples of each of the ingredients as supplied

individually to the mixing head and weighing to show

reproducability. Shot size varied by less than 1Z.

5. The mixing head temperature is controlled by the

temperature setting on the associated heat exchanger.

The mixing nozzle is supplied with heat initially

until the mixing and cleaning action of the screw

during foam processing builds up heat. At this time

cold water is called for to keep the mixing head at

the set temperature demonstzating mixing head temperature

control.

6. To demonstrate the temperature control on the mold

unit stations the instrument settings were varied up

and down and the temperatures of the molds were

measured with a pyrometer to show the corresponding

change. This is true for each station.
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7. Boots were sprayed on the electrostatic spray equipment.

Boots were pulled over the metal spray form and hung

on the conveyor. Compounded materials were metered

to the electrostatically charged spinning disc and

the material was "sprayed" onto the boot. Some boots

had a release agent applied over their surface prior

to spraying so that the spray coating could be stripped

and gauged.

Appearance of the sprayed boots was excellent and a

thickness check showed the gauge variation is at the

extreme toe or heel and the fact these areas are

heavier gauge is inherent to the spray process,

since these points come closest to the spray disc

while being rotated during the spraying cycle.

V. PRODUCTION RATES

The equipment set up currently available will meet

the contract requirements of producing 60 pair per

week on a one-shift, five-days-a-week production basis.

The factor in producing boots is the molding

cycle and the fact that there is only one foam mixing

machine available. Since the upper and outsole compounds

are different chemically and run at different densities,

it is necessary to run uppers for a period of time to

build a reasonable bank. After this has been accomplished,

the foam machine is switched over to the outsole compound,

the uppers are relasted, and the outsoles injected to

form the complete foam boot.
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The current cycle for curing both the upper and
0 0

outsole is 15 minutes at 200 F (93 C). With four

mold stations, ehe sequence of operations is as follows:

1. Inject foam in Station 1

2. Wait 7.5 minutes and inject Station 2.

3. Wait 7.5 minutes and inject Station 3, At this

point the boot in Station 1 is cured and can be

stripped and prepared for another injection.

4. Wait 7.5 minutes and inject Station 4. At this

point the boot in Station 2 is cured and can be

stipped and prepared for another injection.

5. Repeat cycle and continue to strip part from the

stations as the cure cycle is completed.

The net result is that four pair of boot uppers or

outsoles per hour can be made repetitively.

Using a factor of seven hours a day, effective

production with time out for set up, clean up, and

break time, the daily production, one shift, is 28

pairs of uppers or outsole to uppers joining.

4 pair/hour x 7 hours - 28 pair/day one shift

28 pair/day x 5 days -140 pair/week one shift

This means that if uppers were produced for one week

and outsoles applied the following week, the net result

would be an average for the two weeks of 70 complete

pairs per week.
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The other major operation is electrostatic spraying

of the boot outer coating. This operation can produce

30 boots or 15 pair per hour and is capable of coating

one week's production of injected foam boots in one

day.

All other preparatory and finishing operations can be

done at a rate well in excess of the molding operation.

It is felt that if this operation were moved into an

existing plant where some similar operations such as

stitching and compounding already are in production,

that a two-person crew with a compounder availahle

part-time and a stitcher, full-time, could produce

boots at a rate of 60-70 pair per week, and if a

second shift could be added, the production rate

would more than double.
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"FOAM MIXING AND MOLDING"

This Appendix includes the specifications covering

the foam mixing unit, the mold station and boot molds.

The foam unit (PSA73) specifications are covered in

the manufacturers' written specifications. Mold

stations and boot molds are covered in the blueprints

drawn for procurement and fabrication. Detailed

prints are included in the Instruction Manual.

Foam mixing is accomplished using a DESMA PSA 73,

three-stream metering and mixing unit. The throughput

is variable from approximately 50 to 100 grams per

second. The foam machine is equipped with two,

30-cc/rev. pumps and one, 6-cc/rev. pump driven by

quick-change ratio gears by a single electric motor.

The "A" and "B" component flow valves are controlled

by a single actuator with the "C" component activated

by a separate actuator with the necessary interlocking

electronic controls for valve synchronization and

lead-lag adjustment. Shot volume is controlled by an

impulse counter. The foam machine has three compound

tanks and necessary compound supply hoses to the mixing

head. Compound tanks, hoses, pump blocks, and mixing

head are equipped for heating and cooling, as required,

to maintain proper material temperature. All necessary

temperature control systems (Heat Exchangers) are part of

the unit. The three ingredients are mixed in a high

sheer mixer and then injected into the mold cavity for

expansion of the foam to the boot configuration.
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Foaming of the boot is accomplished in a single mold unit station,

(Figure A-4) containing a machined aluminum mold Figure 5 with a cavity

of the proper configuration to produce the Arctic Boot. A complete

set of detailed prints of the mold station and mold are included in

the Instruction Manual.

The mold station is basically a clamping press that will accommodate

the four-piece aluminum boot mold consisting of a last, outsole plate,

and two outer ring halves. The outer rings are bolted to the heated

side platens. The outsole plate is bolted to the bottom heated platen,

and the last with internal heaters is fastened to the movable arm. The

molds are heated with feed back controls capable of maintaining the

molds at the desired temperature. The mold station will accept molds

from Size 4 through 14.

The pressure to close and clamp the mold sections is supplied by air-

hydraulic cylinders. In the movement sequence, first the last is

lowered into the separated outer rings. Once the last is in the down

position, the side platens with the outer rings attached are activated

and close around the last to form three sides of the mold cavity. All

that remains is to raise the outsole plate into position after the

foam is injected into the mold. This forms the complete boot cavity.
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INDUSTRIAL MACINES, INC.
125 Roberts Road • Wallham, Mass. 02154 (617) 899-3000

Telex: 92-3415

CONFIRMATION

UNIROY AL P.O. No. ARW-I 10-893-35

March 24, 1975

UNIROYAL, INC.
58 Maple Street
Naugatuck, CT 06770

One (1) Laboratory Unit, consisting of the following:

1) One (1) Injection aggregate PSA 73 - 3 component. Throughput 100 ccmrsec.
Mixing head with mixing chamber 3D mm 0, pumps A and B 30 ccm, pump C 6 ccrn.
The pumps will be driven by one motor, with adjustable support of gear wheels.
The gear wheels will 1e changed by moving away of the supports. For reaching the
different speeds of the mixing screw 18,900 rpm, 17,500 rpm, 18,000 rpm, l,500
rpm and 19,500 rpm the respective gear discs and toothed belts will be delivered.
The height of PSA is adjustable from 762 - 915 mm. The cylinder for the automatic
advance is laid out for a stroke of 150 mm. Two manifolds for. water and air are
mounted on the PSA.

2) One (1) Tempering Unit 3unior S for cooling of the bearing, with connections and
console.

3) Two (2) tanks with 12 liter volume, special steel, double walled, air operated
stirrer, outflow, connection for tempering compressed-air fittings and connections
for compressed air-oiler. The tanks are installed at the PSA.

4) One (1) Tank with 2 liter volume specifications as above-mentioned model.

3) One (1) ELA 61 (electric operation and control board) for three components with
impluse metering for four (4) stations, for operating tic entire machine. Power
supply will be increased by 24%. The switches for the tempering units will be
Integrated into the ELA.

6) Two (2) Tempering Units Junior S, for material tempering range 270 C - 150 0 C, with
electric regulator for tempering components A and B.

7) One (1) Cooling Unit 2 ACD, temperature range from 0 C - 39 C, cooling capacity
3,000 kcallh n OC. For cooling third component and temperature control units
under Item 6.

5) Fifty (50) feet of connection pipes and cables between ELA and PSA. In the
electric cable there are four (4) more leads included, carrying, the steering voltage.
The free leads are blind, but can be used later for connection four (4) additional
plugs.



eIve_ J l INDUST'RIALr MACHINlES,1INC.
125 Roberts Road -Waltham. Mass. 02154 (617) 899-3000

Telex: 92-3415
CONFIRMATION (CON'T)

*1 UNIROYAL P.O. No. ARVI-l 150-993-35
March 24, 1978

UNIROYAL, INC.
Naugatucc, CT 06770

9) Voltage: 4.601480 volts, 3 ph~ase, 60 cycle.

JO) Two (2) additional material tanks for components A and B, for a quick change of
these components.

Waes Price: F.O.B. Boston, Mass. $93,893.00

11) Optional equipment

11.1) One (1) electric control panel mounted on the PSA injection unit
equipped with On-switch, emergency stop button, injection start button,
injection stop button, and PSA forward and screw cleaning controls.

Sales Price: F.O.B. Boston, Mass. $ 958.00

Total Sales Price: $94,&53.00

Delivery: End of June, 1978

Terms: 10% deposit with order
Balance due upon completion of installation or 30 days after delivery, which
ever comes first

The terms and conditions contained herein are suppleziental to our general
terms and conditions as shown on the reverse side of this confirmation.

THIS COFjRMATION IS GIVEN SUBJECT TO ALL OF THE FOR THE MACHINERY DR EQUIPMENT SPECIFIED 1A) WHEN
IERMS AND CONDITIONS Of THE FACE AND REVERSE THIS CONFIRMATION IS SIGNED AND RETURNED By BUYER
SIDES HEREOF. INCLUDING THE PROVISIONS FOR EXCLLU. TO SELLER AND ACCEPTED IN WRITING BY SELLER. OR
SION OF WARRANTIES. ALL or WHI1CH ARE ACCEPTED BY f B) WHEN BUYER ACCEPTS DELIVERY OF ALL OR ANY
BUYER. SUPERSEDE OUYIER'S ORDER FORM IF ANY. AND PART aOF THE MACHINERY OR EQUIPMENT SPECIFIED
CONSTITUTE THE ENTIRE CONTRACT BETWEEN BUYER AFTER RECEIVING AND RETAINING THIS CONFIRMATIONd
AND SELLER. BUYER SHALL ME DEEMED TO HAVE AS- WITHOUT OBJECTION FOR TEN DAYS. OR qC1 WHEN BUYER
SENTED TO ALL OF THE TEAMS AND CONDITIONS HEREOF. HAS5 OTHERWISE ASSENTED TO THE TERMS AND CONDI-
AND THIS CONFIRMATION SH4ALL BECOME A CONTRACT TIONdS HEREOF. CONTINUED ON REVERSE SIDE.

BUyER'S FIfM tNAME Uniroyal, Inc. ACCEPTED BY DESMA INDUSTRIAL MACHINES. INC..

an. Br...awc

DATE- DATE_________________________
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iL ~~Divmso0 U% ;,01IL. In:.Nafaft FC:'!|.s rant

J t ' ' I  8 teapte Sure?
Naulatuck. Connecticut 06770
2'O.721 i

February 17, 1978

Desma Industrial Machine Inc.
125 Roberts Road
Waltham, Hass. 02154

Attn: Mr. William Creamer

Dear Sir:

This letter is to confirm our meeting on 2/17178 to finalize the specific-
ations and requirements for the new PSA-73 Desma injector to be used for
producing the Government Insulated Boot.

1. One (1) PSA-73 component mixing and metering unit on an adjustable
stand to raise and lower nozzle height 762 n= to 915 m. There shall
be one con-ion drive motor (3 HP) for the A,. B and C components with
appropriate interchangeable line shaft gearing. 7here shall be one (1)
drive motor (4 HP) for powering the mixing head. The speed of the
mixing head should be geared for 18,900 rpm with e~tra gears supplied
for speeds of 17,500, 18,000, 18,500, and 19,500 xpm. Thirty (30) cc
pum.s and a one hundred (100) cc ratio block is I= be supplied with the
unit. There shall be a three inch (3") minimum t.avel on the inject-
ion nozzle for injecting into the boot mold staticus. This unit will
be set up on floor track for traveling between fo-z (4) boot mold
stations. It is very important that Desma supply a set of precise
detailed dimensional prints on this unit within sfizty (60) days after
placement of order. Desma should also supply electrical and air load
requirements on this injector and associated equipment.

2. One (1) electrical control console (ELA-61) for a uhree (3) component
system. It shall have four (4) separate metering stations, one (1)
control system for the A, B and C component drive and one (1) control
system for the mixing head drive. There shall be --ectrical temper-
ature controls for controlling the material line *nps. There shall
be 25 percent additional power available in this znsole for future
additions by Uniroyal. The cooling and heating r202rculating unit
shall be powered from this control console. This onsole shall meet
all electrical safety requirements as per the UnilAd States National
Electrical Code and please include two (2) sets of English electrical
prints along with remote injection controls that qu1 be mounted on
the injector.
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3. One (1) material tank (C component) of to (2) liter capacity and
two (2) material tanks (A and B components) of twelve (12) liter

capacity minimum, These tanks shall be mounted on the PSA-73 in-
jector unit. Include two (2) spare twelve (12) liter tanks easily
interchangeable with the twelve (12) liter tanks above. All tanks
shall have steel double walls, newly improved air mixers, drain tocks,
safety valves, thermometers and stainless steel strainers. These
tanks shall be equipped for nitrogen pre-pressure and be able to with-
stand working pressures of five (5) atmospheres. Compound tank covers

shall have Viton seals. Nitrogen pressure is to be used along with
gravity feed for compound feeding from the tanks and rigid piping is
to be used on all compound lines.

4. One (1) chiller and heating recirculator unit (temperature range
OC to 380 C). This unit will be used for cooling the C component
and will also feed three (3) temperature control units (to be
supplied) that will be mounted on the injector. This chiller and
heating recirculator shall have the capacity of 3000 K Cal/hr. at
OC and contain 4 KW of heating capacity. The three (3) temperature
control units are broken down as follows:

Unit #1 - Temp Control of A Component 270 C - 150C)
Unit #2 - Temp Control of B Component (27C - 150C)
Unit #3 - Temp Control of Screw Bearings & Connections

5. Since the injector will be moving on a tracking system the following
conditions will apply:

A. The three (3) temperature control units will be mounted on the
injector.

B. Air controls, air dryer and air oil supply shall be mounted on
the 'injector (main header to be mounted on the injector for
accepting main air line feed). •From this header air circuits
should be isolated according to requirements. The air oil
supply should be isolated from the material tanks and areas
where contamination of the compound could exist.

C. 1. One (1) main electrical harness cable (50 ft.) carrying
all control wiring for the injector and remote injection,
eight (8) spare #16 gauge wires for future, power feed
wiring for motor drives, three (3) spare #14 gauge wires
for future, power feed wiring the three (3) temperature
controllers and any misc. control or power that is needed
for a one (1) harness feeder from console to injector.

2. One (1) main air line (50 ft.) of sufficient size to
connect to main header on the machine.

3. Two (2) cooling lines (50 ft. each) (feed and return)
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5. C. 3. Continued....
1/2" ID each, to be run from the chiller - heater re-
circulator unit to the Injector.

6. The system shall be designed for 480V - 3 phase - 60 HZ on the
electrical system while functioning on a minimum of 70 psi of
air pressure. There shall be a minimum of obstruction for any
Sear changes that are required.

7. Please find attachments A, B and C.

A. Conditions on successful trial, conducted on 2/9/78.
B. Sheet containing all problem areason initial prototype machine.
C. Operating temperature ranges of the system.

8. Cost should include Desma Technical Services for installation and
start-up of this system.

9. This system should be backed by a full guarantee from Desma that
it will perform as expected.

Very truly yours,

A. R. Weeks, Jr.
Divisional Engineering

Attach: 3
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STA'I Oi-CE BVIlDIN 1,'t1O , CONI crlcT 0G115

Fubruary 10, 1977

RECEIVED

Mr. E.A. Melchiori FEB 111977
Uniroyal, Inc.
Oxfdrd Management & Research Center ENG1INEERING CPTL
Middlebury, Connecticut 06749

SUBJECT: Ruling on Cozipliance with State Regulations - Uniroyal
Contract DAAG-17-76-C-0016 Dept. of Defense - Artic Boots

Dear Mr. Melchiori:

On January 5, 1977 this Departnent received your request for a ruling on
the compliance of the subject production line, as described by the
documentation provided, Based on this information, the compliance of
this source was evaluated relative to Section 19-508-3 (a)(1), 19-508-
18 (e) and 19-508-20 (f), these being respectively permit requirements,
particulate emissions from process industries-general, and organic
solvents.

The following outlines the compliance determinations by regulation:

Section 19-508-3 (a) (1). The applicable paragraph is 3 (a) (1) (ii).
The total quantity of coating material and solvents used is (169
grams/rin) (60 min/hr.) (I lb./454 gramrs) = 22.3 lbs./hr. This
source, as described, is exempt from permit requirerments since the
total quantity of coating materials and solvents used is less than
30 pounds in any one hour.

Section 19-508-18 (e). The applicable paragraph is 18 (e) (1).
This regulations applies to the particulate emissions from the
spray booth area of the facility. The particulate emissions at
this point are the result of overspray. The total weight of overspray,
consisting of solids and solvents, is considered as particulate and
in this case is calculated as follows:

(Machine throughput, 169 grams/min) (60 min./hr.) - 10,140 grams/hr.
or 10,140 grams/30 boots

(Final Weighed Dry Coat/Boot, 109 grams) (30 boots) - 3,270 grams - 45%

The solvent portion applied to the boot = 55% - 3,997 grams

The total overspray - (10,140 grams) - [(3,270) + (3,997)] .2,873 grams/
hr. or 6.33 #/hr.
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February 10, 1977

Any source with a process weight of from 0 to 50 pounds per hour is
allowed an emission rate of 0.36 pounds per hour. To be in compliance
with Section 19-508-18 (e), this source would have to demonstrate a
94.3% reduction in particulate emissions which would be quite
possible.

Section 19-508-20 ME). The applicable paragraphs are 20 (f)(3), 20
(f) (4) and 20 i) (1) (iii). In the eventuality that all solvent
emissions were to ultimately be ducted to a comrz.on stack, this
worse case was the-one considered. Allowing that the hourly solvent
emissions are 55% of 22.3 ff/hr. or 12.27 I/hr., there would be no
problems unless the DIBK, which is classified R3 photochemically
reactive, constituted greater than 20% of the total mixture by
volume. DILK is a photochemically reactive solvent and is limited
to 3 lbs. per hour or 15 lbs. per day. TnIF and PERC are both non-
photochemically reactive and are limited to 160 lbs./hr. or 800
lbs./day. As the following table illustrates this proposed facility
would be in compliance with Section 19-508-20 (f) and 20 (i) (1) (iii).

PARAGRAPH ALLOWZABLE VOL. % C TOTAL VAAXIMU,% PROJECTED

THF 20 (f) (4) 160 I/Hr. 20.14 6.69 I/Hr.
(21.6 gal./hr.) (0.90 gal./hr.)

PERC 20 (f)(4) 160 I/Hr. 27.34 4.95 #/Hr.
(11.8 gal./Hr.) (0.364 gal./hr.)

DISK 20 (f) (3) & 3 #/Hr. 2.88 O.51 /Hr.
20 (i) (l) (iii) (0.44 gal/hr.) (0.08 gal./hr.)

Until an application for a Permit to Construct is submitted, no ruling,
as such, can be rendered. However, this source on the basis of the
information provided seems perfectly capable of operating in compliance
with the DEP Air Quality Regulations. In conclusion, it must be pointed
out that when and if this source is constructed in Connecticut, it must
be made to comply with all applicable Regulations.

Very truly yours,

Senior Air Pollution Control Engine"
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Othi'd IA~r.,,v(rt I Fctalzh Ct~er
MaJditury. C*nneCjoui CV j 749

'February 7. 1977

Mr. Sheton Edws.rdi
Principal Eng~ineer
Air Compliance Znglneering
Connecticut Departm.nt of Environ-entel Protection
Room 146
State Office milding
Hartfords Connecticut 06115

Sl'j.TT: Ruling on Co-pliance with Sttte Regulations - Uniroyal Contract
Dan f77--~i~ etv'rz.-nt of Le~enze A rct.ic ."oou

Dear 1.-. Eduards:

As per our telephone conversation of Janucry 28. 1977 re-mrding the &bove
subject, I am sending you the attached inforration. The gint of the
Inforration concerns Uniroyal's method of =eeting Sec 19-508-18 (e)
(Control of Particulate emissions from process industries). As you will
see from the attached Inforration, Uniroyal intends to filter the gas stretm
leaving the spray booth. In addition, a large amount of particulate over-
spray will be contained within the spray booth, due to Qe nature of the
process i. electrostatic attraction.

In our best judgement, we feel the process will coply with all State
Regulations and is environmentally sound.

Please let me )mow if you desire further infornntion. 1e would appreciate
your reply as quickly as possible since we smast submit w bid to the
ArmW by the end of this month.

Again, your time and effort Is greatly appreciated.

Very truly yours,

I..* ,

Fd7,mrd M~elp~h1=2

klc
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SPRAYING - DRYIXG - CURING

It has been determined that the Ransburg Electrostatic Coating

method is the best method of coating the insulated boot. The

basic principle is to pump two reactive components to a spinning

disc, mixing the components just prior to depositing them in

a well located in the center of the disc. The disc can be

programmed to raise and lower in order to deposit the coating

where desired from top to bottom. The spinning disc breaks

up the mixed material as it passes over the surface and throws

off a spray of fine particle size toward a rotating boot.

The particles are positively charged as they pass over the

charged disc and are attracted to the boot surface by use of

a metal form inside the boot(Figure B-3) which is grounded

to the conveyor and acts as a target for the particles. Disc

speed can be varied from 50 to 4000 RPM's. Currently the disc

is run at 1350 RPM's.

Figure B-4 is a schematic of a typical two-component elect-

rostatic spray unit including conveyor, mixing disc, and

electronic equipment.

Figure 8 shows the basic layout of the conveyor and reciprocator

as actually installed with the boots hung on the chain link

drive track by means of a swivel suspension. The conveyor can

move at a linear speed of 8" to 24" per minute and the boots

are suspended on 20" centers. The conveyor will hold 28

boots. Solvent fumes are exhausted from the area through

which the conveyor travels. The 5-gallon supply pots and
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metering pumps are located immediately in front of the

spray unit and solvent flush is also in the same area.

Most of the electronic equipment and the main control

panel are located in an adjacent room as shown in the

overall layout in Figure 3.

Aluminum spray lasts (Figure 7) are used inside the boots

to be sprayed and act to attract the positively charged

outer coating particles since the lasts are grounded

through the conveyor. The lasts are thinner walled than

the normal cast last to reduce the total weight on the

conveyor. Last sizes can be two sizes smaller than the

boots to be sprayed. This facilitates mounting and

removing boots from the lasts. A removable toe section

of the last was also added to further ease stripping of

the finished boots from the lasts.

After the boots are sprayed and allow to air dry 24 minutes,

they are placed on a 60-pair drying and curing truck,

Figure 9, and put into an oven for curing removal of

residual solvent. The hot air circulating oven, Figure 10,

will accommodate one drying truck at a time and has a sequencing

control that sets the temperature at 2500 (121°C) for 24 minutes and

then to 1600F (71nC) for 12 hours. The oven is ventilated to null out

the residual solvent fumes and exhaust them to the outside.
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Detailed prints of the electrostatic spray system and all

auxiliary equipment are included in the Instruction Manual.

Detailed information on emissions and compliance to state

regulations in included in Appendix C of this report.

I.
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C.u trniur Prudtict.n
Oxfrzrd I- -:ii

ii IteI..,nl

Au&iist 16, 1976

Trip leport: Polyurethane Army Boot s--Electrostatic Spray Trials.
Ransburg Electro-Coati rg Corporation, idl irn)olts, IN.

Contnctst Mr. Willian Smith--!nnsburg Electro-Coating Corporation.
Ujtroyal Personnels Mr. A. B. BrazdzionisMr. R. VanTwisk

Mr. W. C. Delatore

Purposo: Evaluate Ransbiu's electrostntic spray equipment and
determine if it is suitable for coating the Lightwoight
Polyurethnne Arctic Boot.

Conclision:

1. The Ransburg Electrostatic Spray System worlbd very well in coating
the Arctic Boots. Varying thicknesses of poluNmvthane coating were
deposited as required. Final appearance of the boots was very good,

2. The polyethylene mask developed by Mr. VanTAsk to prevent matorinl,
from depositing on the bottom of the outso]o, as well as to taper mntcrlz
along the sides of the outsole, worked sufficieroly well.

3. The process goals set by Mr. VanWisk--sprayng times, mnterial
outputs, weight of coating, and drying times--wwe all achieved.

4. Formnla No. 4 showed the best properties whoL using the Rnnsbur;
- yotcm. The boots coated well. and tihere iere_ no siims of__Uaiflr or
-$nerfecti s on the fininhed coating. The contkt covered all minote
blemishes on the boot.

Di scuss I (11:

Equipment time was rented at RansImrS so int eactrostatic spray trinlai
for coating nn Insulated Arctic Boot will i polytvtlane coating could
be run. The polyurethane compo ted consists of it twn OCr)flnlent system
I n wit ch the poIycther prepoly 'ser i supplied in it snlvent as the "A"
component and the curative is supplicd in a sol.%tmt as tile "B" component.
11io components Are metetred in a predetermined rsio.n by positive disptnce-
mot gear pumps to a Ross staitic mixer and thcrtafter, its a one compo'llen

to a well in a spinnaing dlrc which stomizer, the tusltitJon midt also impart
tin electroutntic charge. The parl Icles tare thruon from tho dis by
tontii'u-nt forco tind in turn, attracted to the ;oun:dcd artlclo which
In buih.i; cnnted. Morn detusi led ungincetriii , itsr.ntio:i of thu virlou11

'Rinln.,bur Uyn.ttv. coil be obtllswd iront i-roct,n j"-.... , Cunucr
)'rnalct 1.2
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i l~ll honts sprayed

, ,l' throullhPut " 160 grams/mI nuto (measured)
*,rjv I lie: 12.0 minutes

t..tz rIil ms sprayed: 1920 grtins (calculated)
't\~td solids: 45%

0 pauu'Is, each representing two boots.
l.1A0 i.uIIi sprayed 7- 7 hoots a 27.1.28 grams/boot x 43 olidd -

1j..12 gramS/boot (theoretical dry wtei.ght)
.atiit| conting per boot:
kL) lelt boot 123 grams, Freon upper. 11l last; size a
tC) ceter boot 10G grams, Freon upper. Pull last; sizo 7
iR) I-ight boot 143 grip.s, Freon upper. Pull last; size 8

5oot rotation: 6 RPM
Total reciprocator stroke: 8 inches, stopped 5 inches from top Ofs Io hiesitati oil

Pot pressure: 12 psi
Actual ratio: A/B; 100/24.19, by weight
Comments: The change in reciprocator stroke from Lab Test iZ

improved the amount of coating deposited on the uppers.-

Lab Test No. 5

.hree boots sprayed
Formul a #-I
Yachino throughput ]69 grams/minute (measured)
Spray 'tlme: 12.0 minutes
Total grins sprayed: 2016 grams-(calculated)
Total solids: 459
"No panels, each representing two boots
2016 grins sprayed - 7 boots = 288 gramns/boot x 45% solids .

129.6 grams/hoot (theoretical dry weight)
FInal coating per boot:

(1.) left no weight recorded, Lucel upper. Fuil last; size not record
SC) center 1.9 grams, Freon upper. Full last; sLze not recorded.

W) right no weight recorded, Lucel upper. Pull last; size notrecord
PfOt rotation: 6 RPM
TtOilu reciprocator stroke: 9 Inches
'hkaitittlon
110t' pressure: 12 psI
APtun) compound raLlo: A/B; 100/24.30 by weigt
C',Menti: The center boot ias the besl overall coated boot and wald

seem to be lhe most representattve of the ability that
the Ransburg System could produce under the available
conld tinai.

1IzS1 %.:r fOP-ULA 4 /-S 706 e.4J'-f IJSrPlo
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UNIROYAL, Inc.
Oxford Management & Research Center
Middlebury. Connecticut 06749

Januar 3. 1977

4r. Sh.lton Ed.rds
Principal E7 ineer
Air Compliance Enrineering
Ct. Dept. of Envirormental Protection
Room 146
State Office B3uilding
mLrtford, C' 06115

SUBJECT : RULING C. CCNTTUV -=cE ""
STATE ] 7C.::S- .
COir.-MCT rA.77--:
DEP.? OF -":" - A?3-C :Z'

As per our telephone discussion on 12/20/75, I am forwarding the
attached docu=entation which describes the above captioned p-roject.
Again, as a brief revie, W OYAL is seeking an offTcia.l ruling from
D.EP. as to the compliLnce or non-copliance of the proposed process
vdth Connecticut regulti-.s. This iz not. em wal- .icn f-- con~tr-
lion or operation. fnouLdC UNK-viU.6J c on "ne rnase ± 1 - pieen

fion and rociucion) porton of the contract and elect to build the fac-
111ty within Connecticut, UNTIROYAL vill foflow standard proceedures endr equest permits,

The doeumentation, we believe, fully describes the process and the
materials used* and emitted. U=hCYVALS int.erpreteation indicates that the
process will co-ply with State Regulations. However, ode would appreciate
your forml areement with that conclusion. If you bave aiW questions or
require additional inforzation, please call. We will be happW to meet
with you, if required, in order to provide any additional data.

Since e mu.t submit this material to the D.O.D. by Februay of lW71,
ve would appreciate your ruling as soon as possible.

2 As me e

FAW'kabI

set J. Gaynor -Wawatuek Footwear, v/nttaeh.
io To CO10=-0'x - e
R. C. WiJles - Office, v/attach.
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rcO!,SL?:-R r; ?C" 7'; TP :"v

POLXUR"rETMEE ARMY BOOT PROJECT

E-VIROThMAL CO:'TIOL

1.00 GEC:.PL A& 2OW

Uniroyal Inc.'s Consiaor Product Division is currently engaged in a

development progre. for the Katick Army LIboratories, Department of

Defense (Contract DA-17-76-C-006). The purpose of the program is to

develop technology (Phase I), hardwizre (Phase II) end finally establish

a production facility (Phhnse III) to produce a specialized artic boot

for allitary personnel.

Uniroyal has been Lwarded the contract for Phases I & II - Technology

Developwnt and Hardware Development.

As part of the criterion for complete hardware development, Uniroyal must

assure the D.O.D. that the designed facility, when eomplete, will comply

with all local and state environmental regulations, either by uxe of

Sudicious process control or through the use of suitable environntal

control hardware.

The agreement with the Department of Defense, on Phase n (hardware

Development and Design Engineering) calls for the proposed facility to

meet the environmental regulations in the State of Connecticut, It must

be made clear$ however, that the final site for this production fteility
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1.00 G;E*ERAL !va'O - (Cont 'd.)

ray not be within Connecticut. This will depend on the location of the

firm vhich beco=es the successful bidder on the Phase IIIcomponent of the

program

2.00 P7$SEIT STATn ? D0 IT - P-ASES I & II

Unioyal has now reached a point in fulfill nt of Phases I & II, whereby

the technology and production method for this article has been developed.

Trial production runs have been rade, and it is believed that a product

which meta the* contract specifications can be produced. The fofloving

briefly describes the production method and the environ-sntal problems

assoclated with the product.

3.00 PROTICTIO IT.OD

Unfimished boots are brought into the finishing area. The boots are

mounted on a "last* which serves as the conveyir nechnic and grounding

mechanism for the electrostatic mating process to follow.,

The unfinished boot in conveyed to the electrootatie coating mchine,

Were a two component system, solvent and polyurethane, is applied to the

boot under electrostatically charged conditions.

The two compnent system is as follows:
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RaECCT PkCME.
KVIR".,, COFROL PAE 3

of

CON-POI! A W Total

1) Uniroyal Roylar B-602 (Liquid Polyurethane) 1700 Grams tI9:0

2) Perchloroethylene (21.4C) 1300 Gram 37.50

3) Tetraeydrofuran (THF) 166.6 Gra1

TOAL 3466.6 Grams 100%
CoOMNT" B

1) )thyldiethanolarine (MA) Catylat %.00 Grazs 15.27

2) TIW 1500 Grew 57.25

3) 3-6C2 %00 Grams 15.27

I) Diisobutyl Ketone (DIBK) 300 Grams 21.45

5) Carbon Black (CT-BLK) Extremely Fine 20 Grua0

TOTAL 2ft Grams 100%

Component A and Com-ponent B are mixed together in the folloving amounts:

A (100%) + 3(211.99% by weight) -Coating

By calculating the component mixtures In proportion to the lave ratio, the following

results:

I - x A66.6- 86.3 grams of covipoio B.

A 100

A * 3 a Coating Weight

A 366.6 + 866.3 a 4333 crazs
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f 117YAL,9 IN~c DIo;u~RT~ s V.;
POL11TJU-IAKE BY* OOT PROJECT
3U3KO..ENTAL CONTROL PAGE 4

Individual Wei.-hts at* aEc Ccmonent

Item Wt. (Grams) voltvre (pt. 3 )

1) B-6cg Polyurethane (Solid)

1700 Oycens (A) + (866.3 x .1527)(9) *1832.3 Grra 0.091

2) njw (Solvent)

166.6 Grams (A) + (866.3 x .5725)(B)- 962.6 Gm 0.038

3) PERC (Solvent)

1300 Gram (A) a1300 Gyms cg8

I) DIEK (Solvent)

(863x 0.f145)(B) a 99.2 Grin 0.00OM

5) YIDuA (Catalyst) (Solid).

(866.3 x 0.1527)(B) * 132.3 G=2n 0.004

6) Carbon Black (Solid)

(866.3 x 0.0076)(B) 6. Gyms 0.001

TV=A 4333.0 Gris 0.139

This further reduces is follows:
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MJ WATJZ ., ' 'CO'.-J' J'A,
POLYb--XHA, A?.. BOOT PROET
r-,r r PC:4 , :.:,L CO:,"'.ROL FACIE 5

3.00 PROVUCTMC .TMOD (Cont'd.)

'.Solvents by Volu.-e InSolvents by Wt. of Total Formulatlon STots Forulationn

PEC - 30 5 1300.0 G=/4333 20.1.5 - 0.o28/0.139

W - 22.2 5 - 962.6 Gri/4333 27.35 - 0.038/0.139

DM.IC 2.29, - 99.2 GM/333 2.88%- 0.004/0.139

&MMA 5%.)9%

Solvent Percentages by Solvent Onl_ M!ixt-re

WgBy Volum

PMR 5. 04% 5)..28%

TJW 11. 74 0.00%

]DIMJ 1..2o

30M% 100.00

Once the boot ban been electrostatically coated, It in left vitbin the

production apace for approi1ztely 21. minutes. It In then sent-to a hot

f air drzz1 chamber for another 24. minutes. Finally, It Is left In a

second drying chamber for 32 bours. Ma purpose of these last three

steps Is to promote the evaporation of the so2.vente used In the two component

urethane system. Under ambient conditions, .lon e35 uevo be reuire

to evaporate this solvent, vhich is under a urethane cover; therefore,

beat exposure Is used to accelerate the process,

Bceeatic SK-i Illustrates the various steps In the proeeta.
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1.00 M, SSIO:S TO TM AT.OSPIC RE

During the fcasibility trials, one of the questions, to be ansveed vas

the emission rates of solvents at various stages In the process. These

trials revealed the follovang:

A 3 C D
Grms Solvent Design Rate Design ate

Area _ Evaporzted Per Hour 1.5 Item B Lb./fr.

Spray Bocth 2400 36= 7.94

Fsh-Off 210 300 o.66

Dryin g amber 690 9o i.98

Cool Down 270 350 0.77

Final DrYID6 -2-0-7- 1-54&

OAL 14080 Grams 5850 Gram 32.9

Baced on trials and production rates, an alternate estirte of solvent

enissions can be zade to cross check the above.

boot Size - 10R

Production Rate 30 Boots/Hr. or 15 Pair/kr.

Laydown Rate (Sollds) 109 Grams/boot

3.9 rams 30 Boots Lb. ae SolidsRb
RoK ra 453.59 Gram are

The total welght of the solvent vou3d equals

r. a 8.63 a u./hir. Solvent
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-- ? _ F- T

S.oO E.Usslc::s TO .M AZCSP. .vr (Cont'd.)

On that basis, the e-ts-ions of solvents would break doun as follows:

Item lStinated Rate Deci~n Rate

Perchloroetbylen 14.75 Lb./Hr. 7.125 Lb./Er.

Tetrehtrofuxan 3.52 Lb./Hr. 5.276 Lb./Hr.

Dilsobutyl Ketone 0.36 Lb.!Lr. 0.543 Lb./Tr.

TOAL 8.63 Lb./Jr. 12.94 Lb./Hr.

These figures agree very closely with previous rates based on trial runs.

5.00 EI4ISSIONS TO AMOSF:M-?X AND COS1!g-CTICUT AIR 2WtLIJJITY P.mGtrATiO:

The solvents used in this process would be emitted as a non-condensed

b*ydrocarbon to the atmosphere. The gas stream kril be clear, no vicible

contaminants will be present.

Connecticut regulations, specifically Connecticut Air Pollution Regulation

See. 19-508-20, govern the emission of volatile organic compound to the

atmosphere. Section (f) of 19-508-20 governs organic solvents.

Of prime importancei in the caae of thin process, is the determination of

the 1ioto.hemical reactivity of the solvents used in compound mixture.

Section (i) of 19-5C0-20 defines those solvent mixtures Vhich may be

regarded as photochemically reactive. The State of Connecticut has also,

from tire to time, published a list of common solvents. This list classifies

various solvents into reactive groups (R1 , R2, and R3) and a non-reactive
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UKZi.:CYA,, ii;:. - co'.;:-2Z.R r::.U;.S zmj;]S c'

POLY~IhAl k0 PC/?OJECT
, R "" :AL Crl:, ,Tll PAGE 8

4.00o EM!YSSICIS 707-3 Rr VKD CON-NCTICUT AIR QUALITY PecuIATIO:,-S (Contd.)

group (N). An abbreviated copy of this list is attached in the appendix.

As can be seen from thin 21st, the solvents use& in this process are

designated as follows:

in Co.ound
Solvent BY Vol , Allo'wable

1) Perchioroetbylene 20.14 NO Limit

2) Tetrahydrofuran 27.34 No Limit

3) Diisobutyl Katone 2.85 20% by Vol~e

As can be seen, this fozmzlation is clearly unreactive as per Section ()

of 19-503-20.

Section (f) (4) of 19-508-20 defines the allowmable rate of emission for

non-reactive materials. Section (f) (4) limits the emission of organic

tterals to not more than 800 lbs. in any one day or 160 lbs. In an one

hour.

Frcm Section four (h.'00), 1'vwas determined that total organic emissions

from this process will ramge between 8 to 13 lbe./hour or 192 to 312 lbs.

per day, based on 214 hours/day of production.

TbusI Uniroyal respectfuly submits that the process ani resultant emissions

described herein are in compliance with Air Pollution Control Regulations

Ln the State of Connecticut.
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Control: Reticulated Tolyurcthu.-e filters at r-Pray booth hood
openings. 0oc attached Akct.ch.

Efficiency
IT in conseyptiveUy esti.iatad that these filters are 9W0 effective in
removing olids. The solids are 0.94.-' Urethane (see previous submittal
for formaltion bre'.mdwn) and the particulate size vill exceed one micron.
in addition, two other factors will contribute to the resultant efficiency.

(A) urethane filters will attract like urethane matter.

(B) A large part of the unnbated rate (1.4 lbs/hr) will never reach
the filters, but will deposit out on the spray booth walls and
iontinguous apparatus since this equipment is grounded and the
solids are charged.

Therefore$ at the conservutive estirste of 90% abated emission rate is:

1. X.A - 0.14 lbu/hr,

The process veight for this process is:

-19grsx 60 xin zxlb *22 1b
"n 1W9.3gmr

22 lbs x ton - 0.011 Ton/hr
hr00 lb

Bmoed an See. 19-508-18 (e) (2) the following emission rate is allowable:

Z - 3.59 (P) 0.62

where E is the allowable emission rate in lb/hr and P is the process weight
in tons/hr.

Z a 3.59 (o.o1) 0.62
3 a 0.22 lbs/hr

therefore, the eutfrete abated rate of 0.11 lbs/hr meets the regultion.

10
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ESTIM~ATED I1 W7' F irA1 S0;

Bee NPae 12 of 7/16/76 Evaluation Trials for 1Pansburg Spray Equipment (attcched).

Tab Test 15 yormula 04

vAchine Througbput 169 prms/min
Spray Time 12 ain
Total Thoughput grns
Total Boot Throu hput
3Boots + 2 Panels 7 boots

LAydoWD/Boot. Approx. 1290 grms/Boot
Grarts Solids 3o.4 (05%)
Gram Solvent 159.j (55%)

Final veished Dry Coat 109 Gram
Solids Over Spray 30o5 - 109 - 21.5 grins/Boot

VAdhine Rate 15 pair/hour
Iabated Enission 15 )Mir x 2 Boots x 21.5 grms x b

Hri. M~ar TO 13 pmr

1.4 lbs. Solids/Hr.

J
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APPENDIX D
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TABLE D-1 ACCEPTANCE STANDARDS
VISUAL EXAMINATION

1. First Inspection - 100% Major Minor

A. Socklining

(a) Die cut parts not correct
or proper dimensions X

(b) Die cut parts not correctly
stitched

(1) Over 10 stitches per
inch (3.94 stitches per
centimeter) X

(2) Less than 6 stitches
per inch (2.36 stitches
per centimeter) X

(3) Sharp or rough stitch
seam X

(c) Missing, loose or torn X

(d) Wrinkled or creased

(1) Small (less than 3/4 inch
(1.9 cm) long by 1/8"
(0.32 cm) wide X

(2) Large (greater than 3/4 inch
(1.9 cm) long by 1/8"
(0.32 cm) wide X

(e) Depressions or ridges on insole

(f) Seams not sealed X

B. Outsole

(a) Cleats not formed, incomplete
or blisters, poor blow X

(b) Untrimmed, unbuffed sole edge
buffing dust X

(c) Excessive buff, cuts,

unrepairable damage X

(d) Small voids 1/8" (0.32 cm)

(e) Overlap of outsole by upper

I10



Major Minor

(f) Dirty soles X

(g) Outsole weight 315 grams
max., Size lOR X

C. Molded Upper

(1) Socklining missing, loose
or torm X

(2) Socklining slightly vrinkled
or creased X

(3) Depressions or ridges on

insole X

(4) Foam strike through X

(5) Poor blow of upper foam
(irregular or none) X

(6) Poor adhesion upper to
outsole X

(7) Surface blisters to 1/2"
(1.27 cm) diameter, surface
blemishes X

(8) Flashline groove (void)
unbuffed flashline X

(9) Not clean (solvent washed) X

(10) Incomplete repairs, damaged
boots, cuts X

D. Release Coating Application to Foam at Vamp

(1) Application in wrong location X

(2) Insufficient coating X

2. Final Inspection - 100%

A. Outerskin Coating

(1) Uncoated or missed area X

(2) Damaged or broken skin X



(Major Minor

(3) Pinholes or flecks
(not thru skin) X

(4) Discernible mold lines x

(5) Blisters, bubbles or
depressions within 3"
(7.6 cm) from top x

(6) Contamination X

(7) Blushing and/or discoloration
of skin X

(8) Slight ridges, sags or
drips on outsole (unbuffed) X

B. Closure

(1) Torn or cut X

(2) Missing laces or non-
functional X

(3) Height less than 3"
(7.62 cm) X

(4) Folds in collar material

under stitching X

(5) Irregular stitching, loose,
broken stitches X

(6) Stitching not within spec-
ification X

(7) Overlap to top edge of
boot greater than 3/4
inch (1.9 cm) X

C. Marking

(1) Size missing X

(2) Cuff stencilling including
size not legible X
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D. Complete Boot major Minor

(1) Creased or wrinkled K

(2) Misshaped (damaged or

compressed foam) X

(3) Poor alignment upper and
outsole X

(4) Outside back height less
than 101% inches (26 eant-
imeters) X

(5) Weight (size 10R) more

than 830 grams X

E. Packing and Shipping

(1) Incorrect packing X

(2) Mixed sizes in box X

(3) Tissue and cardboard
insert missing X

(4) Box label not legible X

(5) Incorrect count in box X

(6) Incorrect address on

shipping box X

(7) Shipping container
marking not legible X

113



4.4@

000

H41 0

W4. U 00

4.10 K 0I

492 0

0 L 0 A0
14 641 mn A %aC md w

0 44 41 '4.'4 ~
(A + I b41.

I 0. 9 4 4104400 41

pi

014 0 01 04C4 i
-4 I4 00 0 m11

co Hb4 1' 0- C4 V-4Jb mA4

co E-H 144 4 u4%

I-I 4.1 41 lowC~e4 M 0

161

TA ?a1 4 &14 0 4
0. aC Aw 4 4D1 10

gal to a o%0 0 I

91 a 0 0 V.4 (a O a
A 4 H 0 00.t 40p

4 .4 41 4- WN 0 .40u 1
06 V 41 05 Io 0 VI I

01S4 41 a4b 14 Ia 14 14e
4 6i1 F-8 40 is 41 0 1. 124 0

04 14 404 4400 4 404O A0&

04

0oa

114e



r.4 G

1ik0 i
00 to

01 60 0
a. W 4 )414

0 0 "4 sk0
0 CL M

Lm 0

-r4 0 r nw"

'00

41 WT 1-4

LM 0 0 %0 '-)
rq 00 '1 V to

M 414 .0$ r

01 0 n

V SE- 4-4 -H E-4 1-4 E-4
o 3 m12 4) 1 CA 4. 012 11H MLAwUcat

14C1 CL 0
N 0 0 '0

=d w0 a~14
* 0. 4.' 0 a CL0. 6
S .4 54.1 1.4 p

V-4 4 64.4

564 0 6'4
"4 6X 0 1.. 0.1

14 1- . to I* A0 Q. 6
*4 a1 (A 000I00 1

04 to w4. 44 w 4 4ho-
- "01 U.4r. 00 1.4) 00 w0w

6q 00 a U 1 wn a ow "4 48 041 4a 0 CL
U 1- 'A 1-4 4 44

-4 14

S. .. M'- ~ its



V0

c Go Mo 6

44 ul C

0 c~ 640

0 X~
c 0 .aa 6

o
0 6 l &0 0

cod -0 d

o0 ao v e0

.94 "4 A

c. 450 6

6 M0A4 a a

6r 0 0 0

0 a00v

.4 405410

id r4. 06 V4
0 A6

a 'a1dtoJI &

a A 0

a o48 Ii

6~a 4 1.0

U 0 0 JJ

l~a S

94 * -16



TABLE D-3 - Water Pick-up and Measurement Determination

1. Prior to initiation of testing as specified in Tables
I and 11, the Contractor shall conduct the following
tests on the retained prototype pairs of boots:

(a) Water pick-up - Entire Boot (with collar removed)

immerse for 16 hours at Room Temperature - not
V more than 5.0% increase in weight.

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

(c) Measurements for size determination:

1. Upper - After the boot is cut into two parts
along the mold lines, refit the sections around
the last to insure that the cut edges meet each
other and the proper size dimensions have been
achieved.

2. Outsole - Cut out the outsole from the boot and
use the last bottom pattern as a measurement
device to insure that the proper size dimensions
have been achieved.

(d) Thickness Measurements - A description of the points
at which the thickness measurements are to be made
are as follows:

1 Upper Section:

a. Measurement points 1, 2, 3, 4, 5 and 6 are
all located at the top edge of the boot.
Points 1 and 2 are located on each side of
the front mold parting line. Points 3 and
4 are located on each side of the rear mold
parting line. Points 5 and 6 are located
on each side midway between the front and rear
mold parting line.

b. Measurement points 7, 8, 9, 10, 11, 12 are
exactly in the same position relative to
the mold parting lines as those in the paragraph
above except that they are all located on a line

-parallel to the top edge of the boot and 6
inches down from the top edge of the boot.

c. Measurement points 13 and 14 are located on
each side of the rear mold parting line
approximately 8 inches down from the top
edge of the boot.
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d. Measurement points 15 and 16 are located
5 inches from the bottom of the outsole
measured from the front of the toe along
each side of the sold parting line.

e. Measurement points 17 and 18 are 2 inches
above the bottom of the arch at the point
where the sole lugging begins.

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

M" Measurement points 21 and 22 are located
2 inches above the bottom of the outsole
and 33 inches back from each side of the
front mold parting line.

2. Measurement Point Thicknesses

Insulation Thickness
Point Number Range - Inches

1, 2, 3, 4, 5, 6 .100 - .200
7, 8, 9, 10 .500 - .700
11, 12 .400 - .600
13, 14 .500 - .700
15, 16 .600 - .800
17, 18 .700 - .900
19, 20 .700 - .900
21, 22 .700 - .900

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

Insulation Thickness
Location Range - Inches

Heel (includes cleat) 1.750 - 1.850

Ball (includes cleat) 1.000 - 1.100

Arch (does not include 0.750 - 0.850
cleat)

Cleat 0.200 - 0.300

2. A pair ef standard calipers shall be used to determine
the actual thickness,
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