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NOTICE

When Government drawings , specif ications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the government may have formulated,
furnished , or in any way supplied the said drawings , specifi— j
cations , or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other
person or corporation , or conveying any rights or permission
to manufacture , use, or sell any patented invention that may
in any way be related thereto.

This repor t has been reviewed by the Information Office (01)
and is releasable to the National Technical Information Service
(NTIS) . At NTIS, It will be available to the general public ,
Including foreign nations .

This technical report has been reviewed and is approved
for publication.

FOR ThE COMMAI .1DER

“If your address has changed , if you wish to be removed from
our mailing list, or If the addressee is no longer employed by
your organization please notify ASD/ENEU, Wright—Patterson AFB OH 45433
to help us maintain a current mailing list.”

Copies of this report should not be returned unless return is
required by security considerations, contractual obligations, or
notice on a specific document.
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FOREWORD

This program was accomplished as a result of a request from

the Air Force Uniform Board , HQ USAF. Mr. Roy Harlan was the

project of f icer .  The shade development was carried out by the

Burlington Menswear Division of Burlington Industries under the

supervision of Mr. Charles Watts.

The development program was planned and directed by the

Clothing Division (ASD/ENEU) , Directorate of Equipment Engineering,

Depu ty of Engineering, Aeronautical Systems Division , Wright—

Patterson Air Force Base, Ohio.
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SECTION I

INTRODUCTI ON

The fabric used in Air Force Class A uniforms is a tropical

weave (plain) composed of 55% polyester and 45% wool. The con-

struction characteristics and mechanical and colorfastness re—

quirements are described in specification MIL—C--21l15, Type III ,

Class 3. The fabric , developed prior to 1960, has undergone a

color metamorphosis since originally put into use. The first

documented shade (color) development was Blue 1084
(1) 

completed

in 1964. In 1968, a new shade, Blue 1549 , was developed (2~ •

In both cases, shade tolerances were developed to assist quality

control personnel in their inspection and acceptance of the fabrics

and to insure consistency of shade from piece to piece , and lot

to lot.

A major shortcoming of the Blue Shade 1549 in the polyester/

wool blend has been the tendency for ~frosting~ with wear and age.

“Frosting” is a term used to describe fabrics whose appearance is

similar to early morning frost on a grass 1awn~
3
~ . It is a term

used to describe the appearance of abraded synthetic and synthetic/

natural fiber blends. It may be the result of differential wear ,

as in multi—component blends in which the fibers do not match in

shad e, or due to variation in or incomplete penetration of the

dyes tu ffs .

1
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In the 1970’ s, the Air Force chose , as an optiona l fabr ic , —

one woven of 100% texturized polyester continuous f i lament  yarns

which was piece dyed . The color chosen was labeled Blue 1578.

It was a darker shade of blue than the 1549 shade and , in combina-

t ion with  a serge weave , resulted in a Class A un i fo rm w i t h

superior appearance to the uniform made of the polyester/wool

in the Blue 1549 shade.

The Air Force , in December 1975 , approved the development

of a new dye formulat ion for  the polyester/wool f ab r i c  used in

“issue” uniforms . The objective was to achieve a blue shad e

that  matched the Blue Shade 1578 of the 100% textur ized polyester

optional fabric . A program was initiated with  Burlington In—

dustr iee to develop the standard color and eight shade tolerances

for use by the Defense Personnel Support Center (DPSC) in con-

ducting acceptance evaluation .

This report describes the development of the new shade

standard and tolerances . One late change imposed was tha t the

dye formulation must not contain vat dyes , since they have been

reported as potentially carcinogenic and are no longer being

produced in the United States.

LL_~-~- -
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SECTION II

MATERIALS

The Air Force uses a single weight fabric for its Class A

uniforms , allowing all—year use of the uniform . The fabric is

described in specification MIL—C—2 1l15 , Type III , Class 3 and

is a blend of polyester and wool fibers. The process , for dyeing

and blending the fibers , spinning the yarn , weaving , and finishing

the fabric , detailed by others~
3
~’, is reasonably standard from

mill to mill. The fibers are dyed before initiation of the yarn

manufacturing process to insure attaining a homogeneous blend of

fibers and color.

The specification requirements are spelled out in Table 1.

In addition to the requirements listed , the wool used must be

64’s U.S. Standard or finer, and the polyester must be a 3 denier

semi—dull staple fiber (3 inch minimum) made from polyethylene

glycol terephthalate. The finished fabric must have colorfastness

to wet drycleaning, crocking, perspiration , and light equal to

or better than the standard sample. The fabric must show no

more pilling than the standard sample.

The yarn manufacturing process is shown in Figure 1. The

fabric description and loom set—up is shown in Table 2. The final

dye formulation for each fiber component is shown in Table 3.

The fabric finishing process is shown in Figure 

2.3
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SECTION III

I) 1SCUSS ION

The p rogram goat s  included processing the f i b e r .  yarn , e tc . .

- - 
I 

t I S  ii~g s tandard product ion procedures to insur e tha t fu t u r e  t o—

- cur ements  of I .~r~ e ya rdage would be carried out w i t h  a minimu m

o t d i f f i c u l t  v .  The scouring and combing o f  the ~-oo 1 f the rs ~e re

cond ucted by the con t rac to r  ~it their Clarksville . VA t. a c i l i t v .

The t iber ~stock) dyeing, both wool and polyester , was ~ccomplished

~tt the Raeford , NC plant as was the t ibet b lend ing ,  yarn mann—

facturing , and weav ing. The greige g,.ods were returned to the

Cl a rksvi l l e  f a c i l i t y  for  f i n i s h i n g  and laboratory evaluation.

The contrac t called for the delivery ot 3b0 yards of  the

standard shade and 40 yards each of eight tolerances t o  the Air

Force. The program was completed with a minimum of problems .

A spec imen of the Blue Shade 1578 standard in 100% texturized

polyester serge was provided to the contractor for matching

purposes. Approximately 20 specimens were prepared and , a f t e r

finishing , submitted to the Clothing Division for shade evalua-

tion. After the standard was selected , the shade tolerances

were selec ted , some from the original 20 and the remainder from

additional specimens which were prepared with slight variations

in the dye formulation.

ii 
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The on~v problem that had to be resolved was the requirement

that all vat dyes be eliminated from the dye formulation due to

OSHA reports that these dyes were potent ia l ly  toxic/carc inogenic .

Indigosal Vat Blue 0, one of the dye components , had been used

in past years in Air Force blue shades . Because of the OSHA

r epo r ts , U.S. manufacturers of this class of dyestuffs had

alread y begun to drop production. The new blue color was ob-

tained using other blue dyes (Table 3).

The new standard shade delivered (360 yards) is described

in Table 4 , with specification requirements shown for comparison

purposes. The sample that was accepted had a rating of 5.0 when

tested for colorfastness to crocking , perspiration , and wet

d rycleaning . Light fastness rated 4.0 as did pilling and wrinkle

- recovery . These ratings were obtained using standard test methods

specified by AATCC and FED—STD—191.

in previous laboratory studies 
1~3) 

it had been found that

this sj ecificaticn fabric had superior abrasion when made using

Dacron~ T—54 polyester as compared to T—64 or T—35 , th e lat ter

- 
- being used as the polyester component of the new standard shade.

A wear test of six fabrics woven to meet the requirements of

MIL—C-.2l115 , Type III , Class 3, is presently being analyzed and ,

when complete, a decision will be made whether to require a

specific polyester type in this fabric construction.

5

—-~~~~~~~~~~~~~~~~ - J



—~~~~~~~~~~~~~~~~ r~~
_ 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-. 1

SECTION IV

0 CONCLUSIONS

The objective, a new Blue Shade 1578 for MIL—C—21ll5,

Type III , Class 3 fabric , was achieved using coamercial manu-

facturing processes and equipment. The required yardage of the

specification fabric in the new shade and eight shade tolerances

were delivered to the Air Force Clothing Division .

Quantities of the new standard shade ancL tolerances have

been provided to the Defense Personnel Support Center , Defense

Logistics Agency for use in current and future procurements of

the 55% polyester/45% wool specificaticn fabric .

6
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POLYESTER W OOL

TOW CONVERTER DYING
DY ING BACKWASH ING

BACKWASH ING GILL
GILL

BLEND

G I IL
COMB

GILL
GILL

GILL- BALL
P.D. BREAKER

P.O. INTERMEDIATE
P.D . FINISHER

ROVJ~NG
[ SPINNING

rYARN SETI]NG I
I W INDING

F DOUBLING I
[ TWISTING

L iwIsT SETTING ]

FIGURE 1 YARN MANUFACTUR ING PROCESS
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I 7 BOW L CRAB _J
I CONTINUOUS SCOUR 1

I~ 
CONT INUOUS SCOUR I

L CARBONIZE 1
I NEUTRALIZE 1

1
RESEAM

1
L 7 BOW L CRAB

1
I PI N DRY

SC REEN I
I

I SHEAR
I

IFLAME SINGE (FACE) I

IWET OUT / HEAT SET 1

I BURL & MEND 1
I

I SEMI - DECATE 1
I

I INSPECT & PACK I

FIGURE 2 FA BRIC FINISHING STEPS (BATCH)
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TABLE 1

FABRIC SPECIFICATION REQUIREMENTS

MIL—C—2 1ll5 , Type III , Class 3

Yarn Fiber Content
Polyester 55% t4in — 60 Max
Wool 40% Mm

Yarn Ply, Warp & Filling 2

Yarns Per Inch, Minimum
Warp 50
Filling 44

Weave Plain

Weight Per Linear Yard , Ounces 10.0 ± 
0.5

Breaking Strength, Lbs/Inch
Warp 100 Mm
Filling 80 Mm

Shrinkage, Per Cent, Maximum
Warp 2.5
Filling 2.0

PH 5.5 — 8.5

10 —
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TABLE 2

WEAVING SET - UP

LOOM TYPE SULZER

Yarns Per Inch
Warp 47
Filling 45

Ends Per Dent 2 / 2
- { 

Reed Width, Inches 66—1/2

Greige Weight, Ounces 11.43

Weave Plain

11



- 

~~~~~~~~~~~~~ 
- .~~~~ ~~~~~~~~~~~~~~ ~~

‘
~~~

—-
~
-—‘——‘ —.---- ---- --- — —--. -_— -- -- -- - - - -

TABLE 3

DYE COMPONENTS

POLYESTER: Dispersed Dyes
Eastman Polyester Blue BLF—C 2.7 9%
X Resolin Rubine BR 0.44%
Samaron Yellow 6GSL 0.127%

WOOL: Reactive Dyes
Lanasol Blue 3G 0.43%
Lanasol Blue 3R 2.18%
Lanasol Red 6G 0.56%
Lanasol Yellow 4C 0.31%

12
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TABLE 4

FIHAL FABRIC PROPERTIES

PROPERTIES SPECIFICATION TEST DATA
REQU IREMENTS

Fiber Content, Per Cent
Polyester 55-.60 56
Wool (Mm ) 40 44

Polyester Type, Denier & 3.0 : 3.0 T—35, 3.0 : 3—1/2
Staple Length

Yarn Size , Ply , Twist
Warp 2 Ply 2/32.8, 14 oz
Filling 2 Ply 2/32.8, 13 oz

- Yarns Per Inch
Warp 50 Mm 50
Filling 44 Mm 44

Weave Plain Plain

Breaking Strength, Lbs/Inch
Warp 100 Mm 145
Filling 80 Mm 122

Shrinkage, Per Cent
Warp 2.5 Max 1.5
Filling 2.0 Max 0.9

PH 5.5 — 8.5 7.0

Weight, Per Linear Yard 10.0 ± 
0.5 10.5

-.
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