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CHARACTERISTICS AND USES OF KEVLAR® 23 ARAMID

I. INTRODUCTION

KEVLAR is the registered trademark for one member of DuPont’s family of aromatic polyami
fibers*. which have been granted the generic name *aramid”™ by the Federai Trade Commission. KEVLAR 2
with a tensile strength of 400.000 ib/in* (2758 Mpat) und modulus of 9 miilion I1b/in® (62 000 MPa).
especiably suited for a numberofind ustrial applications including ropes. cables, protective clothing. and coat
fabrics. KEVLAR 49, which has a modulus of 19 million b/in? (131 000 MPa) and the same tensile strengt
as KEVLAR 29 i designed for the reinforcement of plastics und offers industry a new level of composi
performance** .

KEVLAR 29 s supplied by DuPont in filament yarns and staple fibers: product descriptions ar
shown in Table [. Fabricsand nonwoven felts are also being prod uced commercially from these fibers and yarns

This builetin describes the properties of KEVLAR 29 and typical applications, including fabrics an
other products. More detailed technical information and current prices are available upon request.

TABLE |
YARNS OF KEVLAR® 29 ARAMID

Type 960
Yarn for Ropes and Cabies with Special Finish for Improved Abrasion Resistance

Nominal Yarn

Yield Diameter***
Denier Decitex* yd/lb (m/kg)** Filament Twistt 107 in mm
1500 1670 2976 6000 1000 0 21.2 054
9000 10000 497 1000 4000 _ 0 52.0 1.32
15000 17000 298 600 10000 0 67.1 1.70
Type 961

Yarn for Ropes and Cables with Standard Finish
Nominal Yarn

Yield Diameter***
Denier Decitex* yd/lb (m/kg)** Filament Twistt 10~ 2 in mm
1000 1110 4464 2000 ' 666 0 17.3 0.44
1500 1670 2976 6000 1000 0 21.2 0.54
9000 10000 497 1000 4000 0 52.0 1.32
15000 17000 . 298 600 10000 0 67.1 1.70
Type 964

Yarn for Weaving Application
Nominal Yarn

Yield Diameter**+

Denier Decitex* yd/Ib (m/kg) ** Filament  Twistt 1073 in mm

200 220 22320 45000 134 0 7.8 svaas 0.20

400 440 11160 22500 267 0 11.0 e+~ (28

1000 1110 4464 9000 666 0 17.3 .smnee .44

1500 1670 2976 6000 1000 0 21.2 ot (54
TYarns are designated Rotgsat i
*Numbers have been roundad to conform 10 product descriptions adopted for uniformity in packaging and labeling. A

**m/ka = yd/lb x 2.016.
©** Assuming 70% packing factor.

*NOMEX is also inciuded in this generic fiber category (see Du Pont bulletin entitled “*Properties of NOMEX Aramid Fiber™).
**For further information see DuPont brochure entitled “Characteristics and Uses of KEVLAR 49 Aramid High Modutug
Organic Fiber™, .
+*MP2 = MN/m? = psi x 6895 x j0-©
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ll. FIBER PROPERTIES

The physical properties of KEVLAR 29 aramid fiber compared with those of conventional industrial
nylon. DACRON* polyester, fibergiass and stainless steel are shown in Table II. It can be seen that the tensile
strength of KEVLAR™* 29 is more than twice that of nylon or DACRON, 15% greater than that of “E’’glass,
and 60% greater than that of steel. Modulus, or stiffness, is more than 10 times that of nylon, almost 5 times
that of DACRON, and is almost equivalent to that of “E”-glass. The fiber elongation-to-break is quite low .
compared with that of other organic fibers. and the density, while higher than that of nylon or DACRON.
is about 1/2 that of glass, and 1/5 that of steel. -

TABLE 1l
COMPARATIVE YARN PROPERTIES .
KEVLAR® 29 DU PONT Nylon DACRON® “E-HTS"” Stainless
Aramid Type 728  Polyester Type 68 Glass Steel
Tensiie Strength,
1bfin? 400,000** 143,000** 162,500** 350,000*** 250,000
{MPa)* (2758) {985} {1120) (2412) {1724)
Modulus,
tb/in? 9,000,000 800,000 2,000,000 10,000,000 29,000,000
{MPa) {62000} (5512) (13780) (68900) (199800}
Elongation
to Break, % 4.0 18.3 145 3.5 - 20
Density, ib/in? 0.052 0.041 0.060 0.092 0.284
{g/icm?3)t (1.44) {1.14) (1.38) (2.55) (7.83}
*MPa = MN/m? = Iblin® x §895 x 10~?
**Unimpregnared twisted yarn test — ASTM D2256
***Impregnated swrand test — ASTM D2343
tgfem? = Ib/in® x 27 .68
The nearly linear stress/strain curve to failure of FIGURE 1
KEVLAR 25? is _similar to that of glass, but gnl.ike tho§e of STRESS-STRAIN BEHAVIOR
other organic fibers (Figure 1). Because it is relatively OF YARNS
insensitive to fiber surface defects, the tensile strength of {Expressed in Textile Units)
KEVLAR 29 is uniform along the length of the fiber; for Y ' " ;
example, a twisted 1500 denier (1670 dtex) yarn tested
at 100 in. (2540 mm) gage length retains 95% of its | in. an KEVLAR® 29 ARAMID 1
(25.4 mm) gage strength. KEVLAR 29, available in yarnsof 8l i
up to 15.000 denier** (16 700.decitex)***, is comprised 15.9]
of many continuous. round cross-section filaments each 5t 4
having a denier of about 1.5 (1.7 decitex) and a diameter (4n

slightly under 0.5 mii (0.013 mm}.
Tensile strength is measured by ASTM D2256

Iy
T

{124}

ER (cN/dlex)

using yarn samples twisted to 1.1 twist multiplier (T.M.) = o[ 1
on 10 in. (254 mm) gage length at 50% per minute elonga- 5

tion rate. The formula for twist multiplier and the signifi- s @] 1
cant effect that twist level has on tensile strength are = |
shown in Figure 2. 3 anf

The 0.052 Ib/in® (1.44 g/cm?) density of KEVLAR
29 results in a higher specifict tensile strength than is
currently available from any other material commercially

3
(53}

4
available and a specifict molulus higher than that of glass s 44 v
fiber. These properties (Figure 3) form the key to market 0d ASTM D225 i
opportunities in ropes and cables and other uses where the L - 1
ratio of strength to weight is important. % 5 0 18
ELONGATION, PERCENT
CONVERSION FACTOR ﬁ%(%) X DENSITY (a,“-‘-)nz.aoo

* Du Pont registered trademark

** Denier is weight in grams of 9000 meters
*** Decitex is weight in grams of 10,000 meters
T Tensile strength or modulus divided by density.
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FIGURE 2
THE EFFECT OF TWIST

ON THE TENSILE STRENGTH OF -

- FIGURE 3
SPECIFIC TENSILE STRENGTH AND
SPECIFIC TENSILE MODULUS OF

KEVLAR® 29 ARAMID "‘FIBERS AND OTHER MATERIALS
a (Textile Units) r
(185} ' 2 . i
= ® ] 2 2541 )
Farn £ o AEVLAR® 29 ARAMID . -
Z nr —an S-gLasse KEVLAR®49 ARAMID -
o HES) Z 6 §
Z n i & 52 ' ]
S 159} TWIST MULTIPLIER = —TURNS/INCH x /CERTER = . L /OTHER ORGANICS
= 1 " 4 £ woa b ® “E*-class ]
g {15014 I_L& . % 18430) g / o s )
Z 1 2 i //
alt) DRSNS 957 - TuRNS/CM X JTEX e s tummm
L 1 = 0

- L - ) 2 3 3
(1330 as 75 s 26 25 . (251 A {76} 02
TWIST MULTIPLIER SPECIFIC TENSILE MOOULUS, 108 M. {109 cu) .

KEVLAR** 29 also has high toughness which yields good textile processibility and high impact

strength; for example, loop strength is 55% of straight breaking strength,

KEVLAR 29 has good thermal stability, retaining a high percentage of room temperature properties
when tested up to 355°F (180°C) (Figure 4). The fiber exhibits virtually no shrinkage between room temper-
ature and 320°F (160°C). KEVLAR 29 does not melt or support combustion under normal environmental
conditions but will carbonize at about 800° F (427°C). At arctic temperatures of —50° F (—46°C), it exhibits
essentially no embrittlement or degradation of fiber properties. :

The chemical resistance of KEVLAR* 29 is excellent except in a few strong acids (Table III). The

effect of ultraviolet light will vary with the thickness of the item exposed. Very thin fabric (4.5 mil, 0.114
mm), if exposed directly to Florida sunshine for a period of § weeks. will lose about half of its tensile strength

FIGURE 4 TABLE 1l
THE EFFECT OF TEMPERATURE ON CHEMICAL RESISTANCE OF
THE TENSILE STRENGTH OF YARN OF KEVLAR® 29 ARAMID
KEVLAR® 29 ARAMID Environment Tensile Strength
w2 o {89 {100 hr* exposure at 70°F: 21°C) Loss %
0 ACIDS
mrn
" e ] i Formié¢ (90%) 10
nss Hydrochloric (37%) g0
n 112, . Hydrofluoric (10%) 12
ER E Nitric (70%) 82
3 fze R 2 Sulfuric (70%) 100
= 12 F
g x0 3 OTHER CHEMICALS
3 o8l g Brake Fluid {312 hr) 2
g 8 ; gisgwg Greases {moS; and Lithium base} 0
g " g Jet Fluid (JP-4) (300 hr} .0
s [ B Ozone (1000 hr) 0
ar : ASTM D2256 Tap Water 0
(35 TESTED AT ROOM TEMPERATURE oy :
L 1 Boiling Water 0
“BJI Superheated Water 156°C (313°F)} 80 hr 16
00 160 2(;0 SCI)O 460 500 *Except where noted.
TIME, HOURS

*Du Pont registered trademark.
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{Table IV). In thicker items, such as the 1/2 in. (12.7 mm) diameter rope shown in the table, the inajonty’
of the yarns are protected by the outer tayer and the strength loss is minimal. Although selfscreening may be
sufficient for some appiications, the addition of opaque jacketing may be required for increased UV resistance
under critical conditions. -

KEVLAR* 29 has an equilibrium moisture level of 7% at 72° F (22°C) at 55 R.H., and a negative coef-
ficient of thermal expansion of —2 x 107%/°C (—1.1 x 10~%/°F). '

KEVLAR 29 has excellent dynamic and static fatigue resistance (Table V, Figure 5), as well as stress
relaxation behavior (Figure 6). Creep rate is equivalent to that of fiberglass, but uniike glass, is much less
susceptible to creep-rupture. even at levels as high as 70% uitimate tensile strength. Additional information on
creep, fatigue. and impact properties is available upon request.

TABLE IV TABLE V
ULTRAVIOLET STABILITY EFFECT OF TENSION-TENSION FATIGUE ON
OF KELVAR® 29 ARAMID KEVLAR® 29 ARAMID
Break Strength Cycled Between 7
Product Form Load Loss {%) (% of Ultimate . Break Load Decrease in
Fabric, 4.5 mil T?ﬂsne Strength) No. of After Cyclin Tensile S‘tl‘eng‘th
{0.114 mm) : High Low Cycles _Lb {N}  Due to Fatigue
thickness
Unexposed 300 Ib/in - Control - T4 552 -
{525 N/cmi} 74 45 1000 130 578 Nane
Florida Sun
(5 weeks) 154 Ib/in 49 52 29 1000 137 610 None
{270 N/cm}) 3 8 1000 132 587 None
Rope, 10 0 13x10% 118 525 5%
%" (12.7 mm)
diameter 1500 denier {1670 dtex} 2-piy yarn of KEVLAR® 29 was tested using air-
Unexposed 11,400 b - actuated 4-D cord clamps on an Instron test machine, at 10” {254 mm)
(50,700 N) original gage length, 10% per minute elongation, and at 55% R.H. and
Florida Sun 72°F (22°C).
(6 mo.} 10,260 Ib 10
(45,700 N)
FIGURE 5
CREEP OF YARNS OF KEVLAR® 29 AND FIGURE 6
KEVLAR® 49 ARAMID AT 50% OF STRESS RELAXATION OF

ULTIMATE STR ENGTH

YARN OF KEVLAR® 29 ARAMID

(4 1500 OENIER YARN (1670 dtex) T
RESIN INPRECNATED STRANDS
PER ASTM D2343 .
90 |- VG STATIC ULT. TENS STRENGTH (UTS) AFTERIIO i ¥
(400} | 516000 LB/INZ {3560 MPa) S h
F : RESIDUAL LOAD) RESIDUAL LOAD ) '
2 AFTER 60 MiN+ 3 AFTER 1360 MIN} § H
* E et FHUTS ! FINUTS 1§ i
LSTARIN AT ' 2 135 W% UTS ! H ]
z Op EROTINE - g 15, : : |
g L 1 g 70'— FAILED | H -
o T r - {312} ST, ‘ !
L ] 3 \% : |
; . % of %UTS. ! b
i T (267) “ :
L J
ZP™STRAIN AT KEVUAR®49 4 '
! ZERO TIME L |
ROOM TEMP ezelf L
oF L1 TWIST MULTIPLER | T T
I i ; L 1 :
: I 0 100 1000 0000
[ el e ] L | TIME, MINUTES
! 0 102 103 0%
TINE, HOURS :

*Du Pont registered trademark.




111, FABRICS

Woven fabrics of KEVLAR® 29 aramid have a balance of properties generally unattainable with tradi-
tional textile fibers or with fibergiass, including the high strength and stability of glass fabrics at significantly
lower weight. They also have a balance of tensile and tear strengths superior to that attainable with other
organic fibers, thus eliminating the necessity to over-construct fabrics to obtain high tear strength. Typical
fabric properties are discussed under Applications.

Because of its unique combination of physical properties and organic composition. KEVLAR 29 isan
inherently “‘tough™ material. However, yamns, rovings, fabrics, and coated fabrics can be cut and trimmed using
sharp, clean tools. Scissors must have close tolerances between cutting surfaces and serrated scissors** are pre-
ferred since they prevent the material from slipping out from between the cutting surfaces. Good quality
canvas, upholstery, and carpet shears(for example, Wiss #4 1.8.) or electric scissors (for exampie, United Cloth
Cutting Machine Co. #LIL 25159) wiil also satisfactorily cut fabrics of KEVLAR 29. The canvas shears are
aiso available with serrations**.

Multiple plies of fabrics of KEVLAR 29 can be cut using a sabre saw with a special blade tipped with
tungsten carbide**, Additional information on cutting is available upon request.

IV. APPLICATIONS
A. Ballistics

Fabrics of KEVLAR 29 are being extensively used in ballistic garments to protect law enforcement
officers from handgun threats and in military flak jackets and helmets. KEVLAR 29 is also being evaiuated in
other ballistic protective end uses such as armored cars and trucks, bomb disposal blankets, military personnel
carriers, bank teller cages, explosives storage and transportation cases, military aircraft, jet engine blade con-
tainment, and blankets and curtains surrounding high speed machinery. Fabrics may be used untreated in
“soft” armor, or impregnated with thermoset, thermoplastic, or elastomeric resin systems and then molded
into “flexible” or “‘hard™ armor which have structural integrity as well as ballistic resistance.

B. Protective Apparel

High strength, cut resistance, and thermal insulating characteristics of KEVLAR 29 make it attractive
for protective apparel appiications. Gloves made from continuous filament or spun yarn fabrics show good cut
resistance and durability in metal and glass handling operations. When these same glove constructions are
backed by felts of KEVLAR 29, additional thermal and puncture protection are obtained. Combinations of
bailistic fabric and felt of KEVLAR 29 are being evaluated for lightweight protective aprons for meat cutters
and knee pads for chainsaw operators. '

C. Ropes and Cables

KEVLAR 29 is replacing steel in tension members and “EREE" LEI\'I:|GG'Il'JI-T ECZ)MPARISON
cables where very high specific tensile strength, low stretch, . {Length at which Strength Member Breaks of
good electrical properties, cyclic and creep fatigue resistance, tts Own Weight = Tensile Strength/Density)
and toughness are important. The high strength-to-weight ratio EVLAR®2S
is the primary reason for the use of KEVLAR 29 in very long — 2000 X -
cables of up to 5 miles (8 km), such as those used in oceano- S (610}
graphic and aerospace markets. Figure 7 illustrates the “free” =
length of KEVLAR 29 that will support itself in both air and = |
water. as compared with steel, KEVLAR 29 is also replacing -
other organic fibers such as DACRON™* polyester or nyion in ] 10091
applications where low stretch, or reduced weight and diameter = o
{at equivalent strength), is desirable. g ol KEYLAR o2°

- & (ig2) gz
,Lame % iee
IN AIR N SEA WATER
- BRAIDED ROPE EFFICIENCY = ~80% U.TS

*Du Pont registered trademark,
** Available for Technology Associates, Inc., P.O. Box 7163, Wilmington, Delaware 19803,
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For additional information on *“Keviar” 29 aramid, please contact:

E. 1. DUPONT DE NEMOURS & CO. (INC.)
TEXTILE FIBERS DEPARTMENT
KEVLAR® SPECIAL PRODUCTS
CENTRE ROAD BUILDING
WILMINGTON, DELAWARE 19898
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E-glass on a pound-for-pound basis. its

: -fuhst. most fuel-efficient airplane of its
’ kind is notan kile claim for the Avtek 400
business jet, nor doesit augur pooriy for
the future of composites in the aircrait -
industry. infact, the all-composite plane
was able to surpass the goals its designers
had set by virtue of the lower weight,
lower cost, and better aerodynamic
shapes afforded by composites.

Says Leo Windecker, vice president
of research and a designer of the nine-
seat plane for Avtek Corp. {Camarillo,
Calif.). “Composites give designersa
freedom that doesn't exist with flat
aluminum sheets, which don't allow the
combination of complex shapes. And
they offer acost advantage as well. The

large pieces that are bonded together; a
similar plane in aluminum would have
required about 5000 smail parts, all of
which would have o be riveted together
by hand.”

For the first plane built entirely of
aramid composites {load-bearing
structure and secondary parts),
Windecker is projecting exceilent
performance. The airfframe of a
comparable plane would weigh4000to
6000 Ib; the Avtek 400 weighs 1000 Ib.
Whereas other turboprops could expect
1o climb 2000 to 3000 &t/minute, fly
1500 to 1600 miles, and get as much as
5.5 mpg, the Avtek offers a climbing rate
of 5400 ft/minute, an approximate
flying range of 2600 miles, and a

fuselage of the Avtek plane hassixbasic % primary are made from carbon/epoxy

maximum fuel economyof 13.1 mpa.
All exterior surfaces use Kevlar skins

over a Nomex honeycomb core, and all

spars and other parts in which stiffness is

composites. “Kevlar's compressive
strength of 40,000 psiis quite good.”

-4 Windecker says, “but where we wanted

to increase it we blended glass or carbon
with Keviar." Hybrids were used in
frames surrounding the windows and
doors and in areas where there were
hard-point attachments.

Construction of the Avtek 400
involved designing with the concept of
multiple stress paths and atlow stress
levels, Windecker says. Traditional
skeletal construction with primary stress
paths, at the stringers and ribs, for
example, was repiaced with many stress
paths throughout the pressurized cabin
made in right and left halves. “Each
structure incorporated much

redundancy, soif thereshould be an

& larger structural areas also meant that

Jevels."
in considering the aerodynamic

E shapes are offered
by the use of com-
F posites in the con-
: gtruction of the Auv-
r tek 400, Inset: Leo
E Windecker. (Pho-
E to:; Autek Corp. )

overwhelming load, there would be
additional passageways for it to travel
‘without causing failure. The use of much

desiqn was done at far lower stress

stresses and loads to determine efficient
use of Keviar, Windecker cites as an
example the aerodynamic stress level
that the wings must suppart. For
instance, the weight of the airplane times
the anticipated force of gravity (3.8 G)
plus a safety factor of 150 percentisthe
stress level to which the wings mustbe
designed.

A modified wet-layup procedure is
currently being used for the Avtek 400

prototype only: for ful production, a

_ method entailing the use of vacuum

bagging, robots for wetting the cloth, and
a microwave for curing is anticipated.

son to other materials, aramid’s density
of 1.44 g/cm’ is 43 percent lower than
glass and 12 to 30 percent lower than
graphite; its tensile strength of 525,000
psi translates into five times the strength
of steel and two and a half times that of

tensile modulus, while less than that of
graphite, is roughly three times as great
as S-glass. Compressive strength and
modulus of elasticity are lower than
those of graphite. Inherently flame re-
sistant and unsusceptible to melting,
Kevlar has a continuous-use tempera-
ture range of —320F to +400F. This
combination of properties has resuited
in the use of Keviar in aircraft (inciuding
ultralight home-built versions}, aero-
space, marine, and industrial areas. :
' Two of the three types of Keviar ara-
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mid will be covered here—the highest-
modulus Keviar 49, primarily intended
as a continuous-filament plastic rein-
forcement for structural parts ranging
from airplane propellers to auto bodies;
and Kevlar 29, which is primarily used
for apparel and rope but s also available
in a short chopped form and as a highly
fibrillated pulp product for plastic rein-
forcement. The latter two versions are

_selected for applications where fric-

tional properties, chemical resistance,
ot tear strength, among other proper-
ties, take precedence over light weight.
These materials are frequently used as
asbestos replacements in brake blocks
for heavy-duty trucks, automotive disk
brakes, clutch facings, and gasket
sheeting for industrial automotive use.
Experiments currently under way

with short {6 mm), chopped-fiber, and
pulp-form Kevlar for use in bulk mold-
ing compounds have thus far indicated
that chopped fibers are preferable
where high strength, modulus, and im-
pact resistance are required; on the
other hand, the fibrillated form offers
greater fiber surface area and better fi
ber interlocking to provide a strong rein.
forcement. In either case, proper mix
ing techniques, which allow aramid tc
dwell a longer time than glass in the
mixer for full “opening” of the fibers anc
their even distribution throughout the
compound, can enhance performance
Along with the dynamic parts ir
electrical, automotive, and industria
equipment in which short reinforce
ments are finding a market, elastomeri
applications—including seals for dri



June 27, 1990

Mr. Andrew Szymulanski
Fermi-Lab: :
M/S 221

P.C. Box 500

Batavia,. Illinois 60510

Dear Andrew: , T

It was nice discussing with you regarding your. requxramtshomﬂ
wide Kevlar 29 fabric and-I am-praviding the following:information:s :

FABRIC DEVELOPMENT INC. is an independent research and develcpme -
company, offering its services to fiber producers, different agenciesgatis.
of the government and aercspace industries in general. B ; N

We have a complete facility for developing and supplying speciall
woven,-knit-and braided fabrics for specific. end ‘use-requirementsyy ¥
We can work with all available natural, synthetic, as well as high
modulus and high strength yarns, such as Thornel 300, Kevlar 29, Kevlar:. .
49, 's' glas, Ceramics, Quartz, Teflon, Nomex, etc. R

. PR RS

We have developed and supplied various styles of fabrics from Kevlag 49
~and 29, graphite, Nextel 312, Nicalon, Quartz, Spectra, Teflon, Gore-tex,
etc. yarns to meet specific end use reguirements.

PR

I am enclosing our brochure describing our general activities in
brief.

1If I can be of any further assistance to you, please feel free to let
me know.
o Rl e

Very truly yours, |

oo Q. A,La,ét/ng

Piyush A. Shah
President
FABRIC DEVELOPMENT INC.

PAS:mg
mc.

Phone: (215) 536-1420 ‘so.emis.  Fax: (215) 536-1154
Quakeriown, PA 18951 .

Look 1o Us for Endless Posaibiities in Textile Development
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CLAR*&SCH'EBEL FIBER GLASS CORPORATION

v

5 CORPORATE PARK DRIVE WHITE PLAINS, N.Y, 10804sTel. 914 - 694 - 9090

No.

KEVLAR-29 FABRICS

DATE

PAGE

110-11
JuLyY 1, 199

10F 1

C
L ')

THICK- TENSILE YARN
WEIGHT NESS* LBS. / INCH DENIER
STYLE 0Z./50.YD.  INCHES COUNT  WARP  FILL  WARP  FILL  WEAVE
710 9.4 .017 24x24 1100 1200 1500 1500  PLAIN
713 8.3 .015 31x31 900 930 1000 1000  PLAIN
728 6.6 .012 17x17 778 810 1500 1500  PLAIN
730 5.5 .010 22x22 650 725 1000 1000  PLAIN
732 3.2 .006 32x32 450 430 400 400 . PLAIN
733 3.1 .008 60x60 475 475 200 200  BASKET 2x2
735 13.8 023 35x35 1800 1821 1500 1500  BASKET 2x2
739 14.5 .025 39x34 1600 1900 1500 1500  BASKET 2xZ
740 2.1 .005 40x40 337 327 200 200 PLAIN-
745 13.6 .024 17X17 1600 1800 3000 3000  PLAIN
748 18.8 .032 48x48 2200 2300 1500 1500  BASKET 8x8
755 17.5 .029 21X21 2000 2000 3000 3000  BASKET 4x4
759 18.9 .032 2426 2700 2700 3000 3000  BASKET 4xa

*ALL VALUES ARE BASED ON CS-800 (SCOURED) FABRICS.
ARE NOT GUARANTEED VALUES.

KEVLAR IS A REGISTERED TRADEMARK OF E. I. DUPONT DE NEMOURS & CO., INC.

ALL DATA IS TO BE USED AS A GUIDE AND
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KEVLAR-29" FABRICS

CLARK-SCHWEBEL FIBER GLASS CORPORATION
) 11-17
No.

I 5 CORPORATE PAAK DRIVE WHITE PLAINS, N.Y. 10604 ¢ Tel. 914 - 694 - 9090

DATE JAN. 1, 1991

T OF 2

PRICE PER LINEAR YARD
WITH CS-800 (SCOURED) FINISH

€-S up TO 500~ 1,500~ 5. 000-

STYLE ~ WIDTH 499 YDS. 1,499 YDS. 4,999 YDS. 9,999 YDS. 10,000 + YDS.
710 50" $29.45 $27.85 $26.75 ~ $26.05 $25.65
73 50" 29.90 28.30 27.20 26.50 26.10
. 728 50" 21.80 20.20 19.10 18.40 18,00
w730 50" 22.55 20.95 19.85 19.15 18.75
732 50" 19.45 17.85 16.75 16.05 15.65
735 50" 39.70 38.10 37.00 36.30 35.90

740 56" 22.15 20.55 19.45 18.75 18.35

C5—897 WATER REPELLENT FINISH SURCHARGE

ORDERS OF 150 MINIMUM -
BUT LESS mm 5'0m YARDS.-...-.-I...I....'l.-‘---$1 25 PER LI"EAR YARD

5,000 YARDS OR OVER..e..eeeeeen.. “ecuavaseacenans .$1.00 PER LINEAR YARD
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VACUUM PRESSURE VESSEL SAFETY STANDARD SD-41

3. POLICY

3.1 Fermilab's contract with the Department of Energy stipulates-
that Fermilab conform to the current DOE 6430.1 standard.
This standard includes the A.S.M.E. Pressure Vessels Code.
The A.S.M.E. Code does not apply to vacuum vessels, but
nevertheless we shall adhere to it to the extent practical
for vacuum vessels in a laboratory environment. The design
criterion for vacuum vessels at Fermilab shall be a minimum
collapsing pressure of 30 psi differential, (15 psi external
differential with a minimum safety factor of two) . *
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f = 1 iminimum)

f = 1 for loose hubbed flanges
NOTE: See Table 2-7.1 for formulas

£ = 1 for hubs of uniform thickness (g4 /g = 1)

of the values for 4, and 4,,; where 4, =
d A,y = Wpa/Ss A selection of bolts to be
| be made such that the actual total cross-
ea.of bolts Ay will not be less than 4,
Design Bolt Load W. The bolt loads used
ign of the flange shail be the values obtained
*¥ormulas (3) and (4). For operating conditions

@w;ﬂ ' 3)
- A
ué"5
- - . ?50@%@’9’5
. W=(4m+;h) Sa (4)
" .."-,h._'_-_;'_— ————— ,'__r"

| in Formula (4) shaill be not less than that
in Subsection C. In addition to the minimum
ents for safety, Formula (4) provides a

. 91/80

FIG. 2-7.6 VALUES OF f
(Hub Stress Correction Factor)

margin against abuse of the flange from averbolting.
Since margin against such abuse is needed primarily
for the initial, boiting-up operation which is done at
atmospheric temperature and before application of
internal pressure, the flange design is required to
satisfy this loading only under such conditions (see
Note 2).

NOTE 2: Where additional safety against abuse is desired, or
where it is necessary that the flange be suitable to withstand the
full available bolt load 4,3, the flange may be designed on the
basis of this latter quantity.

2-6 FLANGE MOMENTS

In the calculation of flange stresses, the moment of a
load acting on the flange is the product of the load and
its moment arm. The moment arm is determined by
the relative position of the bolt circle with respect to

421
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TABLE 24 Formulas for flat circular plates of constant thickness
NOTATION: ¥ = total applied load (pounds); w = unit line load (pounds per inch of circumference); ¢

M, = unit applied line moment loading (inch-
Jo = externally applied step in the normal displacement (inches);

r = radial location of quantity being evaluated (inches); r,
G, to Gyg are the several functions of the radial location 7.
dependent upon the ratio a/r,.

quantity evaluated at the center of the plate

Positive signs are associated with the several quantities in the following manner: Deflections ¥
when the deflection y increases positively as r increases; moments M., M,, and M, are pos
shear force Q is positive when acting upward on the inner edge of a given annular section

y the expression 6 = 6M/¢2. The plate constant D = Et3/12(1 — v?). The singularity
indicate that the expression contained within the brackets must be eq

Bending stresses can be found from the moments M, and M, b
function brackets { )

as any other brackets.

= radial location of unit line loading or the start of a distributed load (inches). F, to F, and

G, to Cy are plate constants dependent upon the ratio a/b. L, to Lyg are loading constants
When used as subscripts, r and ¢ refer to radial and tange

b refer to an evaluation of the quantity subscripted at the outer edge and inner edge,

= load per unit area (pounds per square inch);

pounds per inch of circumference); 8, = externally applied change in angular displacement (radians);

vertical deflection of plate (inches);
(radians); M, = unit radial bending moment (inch-pounds per inch of circumference); M,
radius); @ = unit shear force (pounds per inch of circumference); £ = modulus of elasticity (
coefficient of expansion (inches per inch per degree); @ = outer radius (inches); b =

= slope of plate measured from the horizontal
= unit tangential bending moment (inch-pounds per inch of
pounds per square inch); » = Poisson’s ratio; Y = temperature
inner radius for annular plate (inches); ¢ = plate thickness (inches)

423
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ntial directions, respectively. When used as subscripts, @ and
respectively. When used as a subscript, c refers to the subscripted

¥ and 3, are positive upward; slopes # and 8, are positive
itive when creating compression on the top surface; and the

1S pup $$2.8 40f sopnuiio g

uated to zero unless 7 > r,, after which they are treated

un.s

General Plate Functions and Constants for Solid and Annular Gircular Plates
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o
£ ERRY CAP 3

i
7/16" {(.4375") Diameter 1/2” (.500” ) Diameter 5/8” (.625"”) Diameter
Nest Nt . Net -~
Coarse or Weight Coarse or Weight Coarss or Weight
Length Fina Per Length Fine Par Length |  Fine Por
In Thread | Package 1000 in Thread | Package | 1000 in Thread | Package 1000
Inches | Stocked | Quantity | Pieces inches | Stocked |Quantity | Pleces Inches | Stocked | Quantity | Pleoss
% c 10¢ 479 ’ % C 50 63,6 1 C-F 25 147 \
% c 100 52.3 n C 50 754 1% C-F 25 165 ‘
h C 100 56.7 4 G 50 8i.2 1 C-F 25 i83
1 CF 100 61.0 1 CF 50 37,0 % _| CF 25 203
1% C-F 50 69,7 “1%4 C-F 50 986 2 C-F 25 224
1% C-F 50 79.8 1% c-7 50 1110 2% C 25 25
1% C 50 81.3 1% C-F a0 125.0 Vs C-F 25 266
2 CF | 1020 2 CF 00 | 1300 24 ¢ 2 =7
24 c 50 1130 2% C-F 25 153.0 3 c 25 309
4% c 50 1230 2% C-F 25 166.6 Y% c 25 330
2% C 25 1340 24 c 25 180.0 34 c 25 351
3 c Vi 143.0 3 CCF P 194.0 4 ¢ 25 395
k'3 C 25 153.0 3 C 25 207.0 4 C 25 435
ki’ C 25 163.0 3V c 25 2200 5 c 25 475
2 c 25 | 1820 i c 25| 250 4 ¢ 10 515
4Y C 25 271.0 6 c 10 555
3 5 C 25 2960 7] ¢ 10 -
5% c 25 3220 7 c 10 -—
6 C 25 348.0
6% C 10 -
7 c 10 -
3/4” {(.750”) Diameter 7/8" (.875"”) Diameter 1” {1.000”) Diameter
Neot Net . Nat
Coarse or Welght Coarss or Welght Coarse or Welght
Length | Fine Por Length} Fine Pw Length | Fine Por
in Tiesad | Package | 1000 in Thread | Package | 1000 In Thread | Package 1000
Inches { Stocked | Quantity | Pleces Inches | Stocked | Quantity | Pleces Inches | Stocked {Quantity | Ploces
1% c 23 252 2 c i0 480 2 G 10 641
1% C 25 279 F4 1 c 10 520 Y C 10 631 ‘
1% C 25 306 2% c 10 562 2% H 10 742
5 C 604
2 ¢ 23 335 A 10 b c 10 797
24 C 29 366 3 c 10 646 3 C 10 852
2% c 25 397 3% ¢ 10 688 34 c 10 o7
2% ¢ 2 428 3 c 10 730 3 p 10 962
3 c 25 459 c 10 314 4 C 10 1072
3% C 25 490 44 C 10 898 % p 10 18
3 ¢ 25 521 5 c 10 979
Y% c 10 1059 5 C 10 1292
4 ¢ 25 533 514 c 10 1400
4% ¢ 25 541 6 ¢ 10 1139 5 C 10 1503
I 5% ¢ 10 758 7 c 10 -
) 7 C 10 - 1
6 c 10 817 8 c 10 -
6% c 10 - . . N ’ .
7 ¢ 1 10 - NOTE: Selected sizes of Ferry Cap Countr-Bor® Screws in di-
ameters from 2" through 12" are available from stock
to meet ASTM-A320/L7 and ASTM-A193/B7-B7M
specifications.
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AN AMEHICAN NATIONAL STANDARD
SOCKET CAP, SHOULDER AND SET SCREWS

\he thread, The length of the center portion shall be
equal to the screw length minus (wo Krow diameters
(2D). The starting thread shall be chamfered and the
junction between diameters A, wnd D shall be
rounded 1o 2 vahse equal to F maximum.

(8} Fillet. For ail lengths of screws the form of
the underhead fillet shall be opuivnal, a3 depicted in
Fig. 1, provided it is a smooth and continuous con-
cave curve fairing into the bearing surface of the head
and the screw shank within the enveiope citablished
by the limits for fillet ¢xtenson, length, 2nd junciure
radius specified in Table 1A.

(9) Length. The length of the sczew shall be meas-
ured paraliel to the axis of wrew ftom the piane of
the bearing surface under the head to the plane of
the flat of the point. The portion of the screw con.
1sined within dimension L is commonly called the
siank. The basic iength dimension on the product
hall be the nominal icngth expressed a3 4 (wo-place
decimal.

{10) Standard Lengths. The siandard length incre-
ments for socket head cap screws shall be a3 tabulated
below:

Nosussi N ominal Scandard
Scew Nerew Leagth
Sire 1 engh Inc remend
0 1/R thee /4 1716
174 thrw | 1/R
"‘ 1kt 3 /2 173
- y 1/ 2thte? e
sl 7 thw 10 1
) tew 7 172
tyver 7 chru 10 1 .
1 48, Over 10 2

(11) Length Tolerances. The allowable tolerance
on iength shall be as tabulated below:

9 /6| /8

, . thiw | thee | them | Over
Noemisal Screw Size ye, { Yo 311172

foch. | tocl. | loei.

Nomianl Scuw
Leagth

Up 18 | 1, inel. -0,08[-0.08]-0.08] ...

Over Lin 18d 571, Isci.| -0.04 | - 0.06 ~0.10)-0.18

Over 1 1/ Ttobnel. «0.06 | <008 -0.14 | -0.108
Crerl 0,12} +0.11 ]~ 201 -8, 24

Telatence oa Leagh

4088

VACLIUM  WINDOW

ANSHASME 810.3-1982

(12) Thresds. Thresds thall be Unified external
threads with radius root. Class JA UNRC and UNRF
Scries for screw sazes 0 (0.060 in.) through 1 . Class
A UNRC and UNRF Serics for uzes over b
1.1/2 in.. inclusive; and Class A UNRC Seres fur
sizes larger than 1-1/2 in.

Acceplability shall be based upun System 22,
ANSI BL 3.

Class JA does not provide a plating allowance.
When pisted products are requued it is recommended
that they be procured from the manufacturer. (See
1.8.)

(13} Thresd Leagth. Lt. The length of thread
shall be measured. parailel 1o the axis of screw, from
the exireme point to the last complete {full form)
thread. The thread length on socket hesd cap screws
shall be as defined by Table | B and notes thereto.

(14) Grip Gaging Length, 1G. The prip pging
length is the distance, measired paralle! to the axis of
screw, from the bearing surface of the head 10 the
first complete (full form) thread under the head. (See

Table 1B.)

{15) Body Length, Ly. The body length s the
length, measured paraliel to the axis of screw, of the
unthreaded postion of the shank. (Sce Tabie 1B.)

(16} Screw Point Chamfer, The point shall be flat
or slightly concave and chamfered. The pians of the
potmd:dlbcappmxhnulymmltodwuhd
the screw. The chamfer shall exiend slightly below
dnrmdmmmdwdndpmd-&l
and chamfer may bcnlld!ﬂyroundld.‘l'hlhw
angls of Lhe point should be spproximamly 90 deg.
Mfamﬁumdmuptoudu\dmml
(0.164 In.) and lengths below .75d thall be optional.

(17) Mawmrial

(s) Steel, elloy. Cap wcrewn shall be fabricated
l‘ranuauuylulmdduleodomhtlw
10 ASTM Specification AS74, Alloy Steel Socket
Head Cap Screws. e

(b) Steel, corrosion resisnt Cap scraws shall be
fabricawd from uunlkmmdonnmudd‘
types 188, AlSI 384, or squivelent types, snd thall
have o minimum tenslls strength of 90,000 pei for
uuupmuummu.uummonru
sizet larger than 3/8 .

(18) Durfase Pot alloy stesl screwn of
Muwu‘mm:..mnﬂd*
mﬂuuh“lmﬁlhﬁwm.

E=¢

-
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MAXIMUM 'Au.ownm smsss wu;uss,lu
' ACaution: See=UW-12.

: 8™ e 1O-%Mo < 234 In
B1s , ACr-%Mo-V < 2% in.
A T LMoV >2%
SRR ' i S‘ h." P ST
T e Me-V & i
B T . oA PN
SA-307 8 C SoF -
SA-320 L43 1%N-¥%Cr—Y, Mo R
L7 . 1Cr-14Mo ‘e vee T TTTEENA2) i
... LTA for 2% in. 3 a I 1Cr=34Mo Sl m S T Mﬁ(‘l)ﬂ.ﬂ
nhy -3 ». s and under ) © onetpan ¥ . [y h’ '{,1# . -
: -LTM : lcr-%Mo < 2% ln. crr eea - .
SA-325 -;Types 1 and 2 ¢ % in=1 in,, incl. cen e
- Types 1 and 2 G 1% in-13 W, ncl. ... s
ST S Cifmreie ..
SA-354 , BC - » _ vj)
80 c - {n
S5A-420 WPL-6 C~-Mn-5i ) 3 1 - {18)(38)
WPL-9 2N-1Cu 9A 1 10)(38)
WPL-3 ‘3%NI ! 98 1 (38)
SA-449 1 in. & under c : cer n
>1lin and < 1% in. c . - !N
>l in and < 3 in. c T e aes . ()]
SA-574 <% in A . cee e (7)(34)(35}
> % in e e s L R v U0 Gl - (7)34)38)
o “EE LT ’ A : e T
Fittings — All Carbon and Low Alioy Steels
SA-234 WPl C-3Mo ) 3 1 (19X38)
WP12 1Cr-3%Mo 4 1 (38}
WP11 1%,Cr-3,Mo-Si 4 1 a8
WpP22 2Y,Cr-Mo 5 1 (38)
SA-234 WP5 SCr-15Mo 5 2 (10)(38) 30
WP7 7Cr-Y%Mo 5 2 (10)(38) 30 _
wpPs C-SI 1 1 (18)(38) 35
wp9 9Cr-1Mo 5 2 {10)38) 30
WPC - C=Si 1 2 (18)(38) 40"
WPR 2N-1Ce 9A 1 (10)(38) 40
3L T s m Ca o
R

oo caiE w4 LT CN Nt emni L

5Cr-%Mo
1Cr-34Mo < 2% In.
» s 1cr—%uo> 2% n
rbdrd andi e &Timre A
- 10 Mo > 4 in,
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present in sufficient quantity to assure that the specified TABLE 2 Tensile Requirements for Coarse Thread Screws
strength properties are met after oil quenching and tem- Proof Load
penng. As a guide for selecting material. an ailoy steel should Tensie {Length
be capable of meeting the specified mechanical requirements leﬁ“’m Th"'iadsf Load. mun. Aresgrﬁsz o M:aesnutr&
if the “as oil quenched” core hardness one diameter from the o ' Iot 4 T Muthod),
point is equal to or exceeds 25 HRC + (55 x carbon o o ) ) min, 1t ¢
content). _ 0.073 B4 473 0.00263 68
6.4 Application of heats of steel to which bismuth. sele- g.ggg 56 ggg g.ggg;g g;g
: : ; i . 48 :
niem, tellun_um. or lead has been intentionally added shail 2112 <0 + 090 0.00604 815
not be permitted. . ) 0.125 40 1 430 0.00798 1 10
6.5 Chemical analyses shall be performed in accordance 0138 32 1 640 (00909 1270 |
y 751. 0.164 a2 2 520 0.0140 1 960 |
with Methods A 751 0.190 24 3 150 0.0175 2 450
, , 0.250 20 5 730 0.0318 4 450
7. Mechanical Properties 0.3125 18 3 440 0 6524 7 340
7.t The hardness of finished screws shall be 39 10 45 HRC g‘-::;?s 18 :g ?gg g-%;g :2 g&
for 0.500 in. and smaller and 37 10 43 HRC for 0.625 in. and 0.500 13 25 500 01418 19 900
larger. This shall be only the mechanicai reguirements for 0.625 11 38 400 0.226 30 500
screws that are shorter than three times the diameter or that g;?g i0 56 800 g-ig; gg 100
have insufficient threads for tension testing. 1.000 3 153 % 0.606 81 33
7.2 Screws, OIhEI: than those excmpted in 7.1 and 7.3, 1.125 7 129 000 0.763 103 000
shall meet the proof load and tensile requirements in Tables 1.250 7 165 000 0.969 131 000
2 and 3. The screws shali be tension tested with a wedge of :ggg : ;gg %g ::gg :gg ggg
the angle specified in Table S under the head. To meet the 1750 5 323 000 190 256 00
requirements of the v=Adea test. there must be a tensile failure 2.000 41 425 000 2.50 338 000
in the body or 1+ -5 . cion. For the purpose of this test, g-ggg ;‘"'2 ggg ggg 4335 ji'g 000
failure means separation into two pieces. Screws threaded to 2750 4 838 000 4.93 ;55 gx
the head shall pass the requirements for this test if the 3.000 4 1 010 000 5.97 806 009
fracture that caused failure originated in the thread area. 3.250 4 1210 000 7.10 958 000
even though it may have propagated into the fillet area or the ;“?gg : : ;fg ggg 3'632 : lgg g -
head before separation. 4000 4 1 880 000 11.08 1 500 000

7.3 Screws having a diameter larger than [.250 in. shall be
preferably tested in full size and shall meet the requirements
of Tables 2 and 3. When equipment of sufficient capacity is
not readily available, screws sh 7 [min. tensile

strength kst min. vield sireneth at 0.2 % offset, and 8 %
elongation on specimens machined 1n accordance with Test

Methods F 606,

8. Metailurgical Requirement

&1 Carburization or Decarburization:

8.1.1 There shall be no evidence of carburization or total
decarburization on the surfaces of the heat-treated screws
when measured in accordance with | 1.3.

8.1.2 The depth of partial decarburization shali be limited
to the values in Table 4 when measured as shown in Fig, |
and in accordance with 1.3,

s

9. Dimensions

9.1 Unless otherwise specified. the product shail conform
to the requirements of ANSI B18.3,

9.2 Unless otherwise specified, threads shail be Unified.
standard: Class 3A, UNRC and UNRF series for screw sizes
060 through 1 in. inclusive: Class 2A. UNRC and UNRF
series for sizes over 1 in. to 1.500 in. inclusive; and Class 2A
UNRC series for sizes larger than 1.500 in. in accordance
with ANSI Bi.1. .

10. Workmanship, Finish, and Appearance

10.1 Discontinuities —The surface discentinuities for
these products shall conform 1o Specification F 788 and the
additional limitations specified herein.

* Values basec on 180 ksi for 0.500 and smaller wng 170 ksi for 0.625 ang
larger and stress area in accordance with Footnote 8.
B stress areas based on Handbook H-28 (U. S. Department of Commerce) s
follows:
As = 0.7854 [D - (0.9743/m)
where;

As
0
n

stress area.
nominal screw size, and
thraagdsfin.

¢ Values based on 140 ksi for 0.500 and smaller and 135 ksi for 0.625 g
iarger and stress area n accerdance with Footnote 8. )

102 Socket Discontinuities-

i0.2.1 Depth of discontinuities in the socket area wil be
permissible within the limits of Condition | provirtzd they do
not affect the usability and performance of the screw

Discontinuities exceeding these limits are not accepaple.
10.2.2 Longitudinal discontinuities must not exceed

0.25T in length. Permissible and nonpemissible disconte

nuities are shown in Fig, 2. '

NOTE 2—T = actual kev engagement.

10.3 Permissible Head and Body  Discontinuities
Discontinuities as defined above are permitted in the lo»
tions illustrated in Fig. 3 to the depths shown below, That
discontinuities are permitted. provided they do not affect the
usability and performance of the screw. Ali aiscontinuibe
are to be measured perpendicular to indicated swrfaces.

10.4 Conditions for Permissible Discontinuity Depths:

3
I
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TABLE 23-5 Nut Factors

Nut factor
) ) Reported Reported
Lubricant or coating on the fastener Source mean range
1. Cadmium plate 1 0.194-0.246 0.153-0.328
2. Zinc plate 5 0.332 0.262-0.398
3. Black oxide | 0.163-0.194 0.109-0.279
4. Baked on PTFE ! 0.092-0.112 0.064-0.142
5. Molydisulfide paste 2 0.155 0.14-0.17
6. Machine oil 2 0.21 _ 0.20-0.225
7. Carnaba wax (5% emulsion) 2 0.148 0.12-0.165
8. 60 Spindle oil 2 0.22 0.21-0.23
9. As received steel fasteners 3 0.20 0.158-0.267
oo 10, Molydisulfide grease 3 0.137 0.10-0.16
© (1 Phosphate and oil 3 0.19 0.15-0.23
12. Copper-based anti seize compound 3 0.132 0.08-0.23
13. As received steel fasteners 4 0.20 0.161-0.267
14. Plated fasieners 4 0.15
15. Grease, oil, or wax 4 012

SOURCES: .

L. Values given are typicai results from a very large and unpublished set of experiments on ASTM A193 B7
studs treated with various coatings. The tests were made in 1979-1980. Mean values for K varied with
the diameter of the studs tested and the torques appiied in various test series.

2. Kazuo Maruyama, Makoto Masuds, and Nobutoshi Ohashi, “Study of Tightening Control Methods for
High Strength Bolts,” Bulletin of the Research Laboratory Precision Machine Selection, Tokyo Institute
of Technology, N46, September 1980, pp. 27-32.

3. John H. Bickford, An Introduction to the Design and Behavior of Bolted Joints, Marcel Dekker, Inc., New

York, 1981, p. 429.

Z3-¢ ) )

4. Fastener Standards, 5th ed.. Industrial Fastener Institute. Cleveiand, Qhio, 1970, p. N-16,
5. Edwin Rodkey, “Making Fastened joints Reliabie—Ways 1o Keep ‘em Tight,” Assembly Engineering,
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From the relations (7.5), it appears that the horizontal com:
nent of the tension force T is the same at any. point and
the vertical corhponent of T is equal to the magnitude W off |
the load measured from the lowest point. Relations (7.6) sh .

- that the tension T is minimum at the lowest point and mm'm\q
at one of the two points of support. i
- *7.8. Parabolic Cable. Let us assume, now, that they
cable AB carries a load uniformly distributed along the horizonsa) -
(Fig. 7.18a). Cables of suspension bridges may,be assumed .
loaded in this way, since the weight of the cables is small com. |
pared with the weight of the roadway. We denote by w the *
load per unit length (measured horizontally):and express it §
N/m or in Ib/ft. Choosing coordinate axes with origin at the 3

260 STATICS

. {
y )
T 1
o /o i
Doy :
x - < f x
T I x ’
W=
(a) (] Fig. 7.18

-

e lowest point C of the cable, we find that-the magnitude W of
the total load carried by the portion of cable extending from
C to the point D of coordinates r and yis W = wx. The relations
(7.6) defining the magnitude and direction of the tension force
at D become

T= VT2 + wid tan&:-‘;i &)

2]

Moreover, the distance from D to the line of action of the
- resultant W is equal to half the horizontal*distance from C to
D (Fig. 7.16b). Summing moments about D, we write

+7EM, = 0; wx%‘i—TOyzﬂ
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mber of DuPont’s family of aromatjc polyamide
fibers*, which have been granted the generic name “aramid” by the Federal Trade Commission. KEVLAR 29,
With a tensile strength of 400.000 bb/in? (2758 Mpa*) and moduius of 9 million Ib/in? (62.000 MPa). is
especially suited fora numberof ind ustriaj applications,including ropes, cables, protective clothing, and coated
fabrics. KEVLAR 49, which has a modulys of 19 million ib/in? (131 000 MP3) and the same tensile strength
as KEVLAR 29_is designed for the reinforcement of Plastics and offers industry a new levet of composite
performance*+, '

KEVLAR 29 is' supplied by DuPont in filament yarns and staple fibers; product descriptions are
shown in Table . F abricsand nonwoven feirs are also being produced commercially from these fibers and yarns.

This bulletin describes the properties of KEVLAR 29 and typical applications, inclwirfgfabrics and
other products. More detailed technical information and current prices are availablje Upon request. .

TABLE | _
. YARNS OF KEVLAR® 29 ARAMID
Type 960
Yarn for Ropes and Cables with Special Finish for Improved Abrasion Resistance
NominakYam .
Yield Diameters*« -
Denier Decitax* yd/ib (m/kg)** Filament Twistt 1073 in mm
1500 1670 2976 6000 1000 Q 21,2 -+ 0.54
9000 10000 497 1000 4000 . 0 520 - 132
15000 17000 298 600 10000 0 67.1 1.70
Type 961
Yarn for Ropes and Cables with Standard Finish
NominakYarn
Yield , ' Diameter® **
Denier Decitex* yd/lb _{m/kg)** Filament Twistt  ~ 10-7 in mm
1000 1110 4464 © 9000 666 0 17.3 0.44
1500 1670 2976 6000 1000 o 21.2 0.54
2000 10000 497 1000 4000 0 52,0 1.32
15600 17000 298 600 10000 0 67.1 1.70
Type 964
Yarn for Weaving Appliﬁﬁon )
, Nominal Yarn
Denier Decitex* yd/lb (m/kg) ** Filament Twistt 1073 in mm
200 220 22320 45000 134 o - 78 «var 0.20
400 440 11160 22500 267 0 11.0 === (.28
1000 1110 ) 4464 L 9000 . 666 0 - 173 ssvew  0.44
g"‘IEOU 1670 7976 6000 J000 0 21.2 .osv 054
tYarns are d-esignated Rotoset 2 ‘i
*Numbers have been rounded to conform 1o nﬁuct dexcriptions adopted for uniformity in Packaging and fabeling. A

**m/kg = yd/Ib x 2 018,
" ** Assuming 70% packing factor.

*NOMEX is also included in this generic fiber category {see Dy Pont bulietin entitied “Properties of NOMEX Aramid Fiber™),
**For further information see Dy Pont brochure entitled “Characteristics and Uses of KEVLAR 49 Aramid High Modulys

Organic Fiber™,
*MPa = MN/m? = psi x 6895 x 1g=6
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APPERDIX | (PIOFID) - 2

DRAFT - FOR COMMENT ONLY ' Preliminary TM-1380
' October 31, 1990

Mechanical Safety Subcommittee Guideline for
' Desig_n of Thin Windows for Vacuum Vessei

by: Jeffrey L. Westem

1. INTRODUCTION

This guideline specifies the usage of thin windows for vacuum
vessels in terms of their design and application at Fermiiab.

2. SCOPE

2.1  This guideline is to be applied to vacuum vesseis when the
pressure differential across the window is less than fifteen
(15) psid.

. dP < 15 psid (equation 2.1)

2.2 This guideline will encompass thin windows consisting of
circular, square and rectangular geometries.

2.3  This guideline shall fall under the scope of the "Fermilab
Safety Manuai®, Vacuum Pressure Vessei Safety (5033).

24 Excluded from this guideline is windows for LHs targets

which are inciuded under "Guidelines for the Design,
Fabrication, Testing, Installation and Operation of LH>

Targets".
3. GENERAL GUIDELINES
3.1 Athin window is a diaphragm plate where the deflection is
greater than 1/2 of the thickness. From Article 10.11, page
457 "Formuias for Stress and Strain” Sixth Edition.

y > t/2 _ (equation 3.1)
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3.2

3.3

3.4

3.5

3.6

2

The ailowable stress for thin windows shail be the most
stringent of the folfowing:

S = 05F, (equation 3.2a)
or
S = 08Fy (equation 3.2b)
3.2.1 Where:

S = allowable stress (psi)

Fy, = ultimate tensile strength (psi)

Fy = yield strength or stress to produce 5%

. elongation (psi)

Thin windows shall not be exposed to cyclic loading greater
than 1000 load cycles. Negative ioad cycling is not allowed
unless design and testing verifies performance.

The mounting flange shall have an edge radius to prevent the
window from teanng.

Material documentationﬁ' Vendor material certification/
verification shall be included in window documentation.

Multi-layer myiar window: Mylar windows with a thickness
greater than 0.010" shail have that thickness buiit up from
multiple layers of myiar, with no singie layer more than
0.010" thick. '

4. GUIDELINES FOR FLEXIBLE MATERIAL WINDOWS

4.1

Flexible materiai circular windows such as myiar/kapton and
titanium/stainless steel less than 0.003" (t < 0.003").
Design condition: hetd not fixed.

4.1.1  The allowable stress for circular windows shall be
greater than the following: Derived from Equations 1
and 2, page 477, case number 4, page 478 "Formulas
for Stress and Strain™ Sixth Edition.

)
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S > 0.423 (Eq2a%/t3)\? (equatioﬁ 4.1a)

and the deflection is:

y = 0.662a(qa/Et)1R - ~ (equation 4.1b)
4.1.2 | Where:

thickness of window (inch) )
radius of window measured at O-ring on
flange (inch)

uniform pressure on window (psid)
allowable stress (psi)

Young's modulus of window material (psi)
window deflection (inch)

-
man

< mwao

4.2 Flexible material rectangular windows such as mylar/kapton
and titaniunystainless steel less than 0.003" {t < 0.003").
Design condition: held not fixed.

4.2.1 The allowable stress for rectangular windows shall be
greater than the following: From Brookhaven National

Laboratory "Occupational Heaith and Safety Guide",
Section 1.4.2, appendix B.

S > K, (E(qast)?)!3 ~ (equation 4.2a)
and the deflection is:
y = K;(qa¥Et)!R (equation 4.2b)

4.2.2 Where:

t = thickness of window (inch)

K, = stress constant based on ratio a/b (see table
below)

Ko = deflection constant based on ratio a/b (see table
below)

a = short side of rectangular window measured at

O-ring (inch)
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b = long side of rectangular window measured at —
O-ring (inch)

g = uniform pressure on window (psid)

S = allowable stress (psi)

E = Young's moduius of window material (psi)
y = window defiection (inch)

4.2.3 Constant table for values of K for rectanguiar

windows:

b/a K1 Kz

1.0 0.271 0.320
1.1 0.292 0.331

1.2 0.306 0.339

1.3 0.316 0.344

1.4 0.323 0.348

1.5 0.329 - 0.351

1.6 0.332 0.353

1.7 0.336 0.355

1.8 0.338 0.356

1.9 0.340 0.357

20 0.340 0.357

3.0 .. 0.346 0.360

> 3.0 0.346 0.360

Note: K, values for maximum stress at center of
window. ' '

5. GUIDELINES FOR RIGID MATERIAL WINDOWS

5.1  Rigid material circutar windows such as titanium and
stainless steel greater than 0.003" (t > 0.003"). Design
condition: held and fixed.

5.1.1 The allowable stress for circular windows shall be
greater than the stress obtained by soiving by trial
and error equation 5.1b for deflection and then
substitute into 5.1a. See equations 1 and 2, page 477,
case number 3, page 478 "Formulas for Stress and
Strain® Sixth Edition.
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5.2

S > E(a)?[Ke(yt) + Ky(y#t)?] (equation 5.1a)
and the deflection can be calculated from:
qad/Er2 = K,(y/t) + Ky(yt)3 (equation 5.1b)

'5.1.2 Where:

thickness of window (inch)

t =
a = radius of window measured at O-ring on
flange (inch)
q = uniform pressure on window (psid)
S = allowable stress (psi)
E = Young's modulus of window material (psi)
y = window deflection (inch)
Ky = 5.33/(1-) Note: K vaiues
Ko= 2.6/(1-) for maximum stress
Ksy= 20/(1-v) at center of window.
K;= 0.976
v = poisson's ratio

‘Rigid material rectangular windows such as titanium and
stainless steel greater than 0.003" (t > 0.003"). Design
condition: held and fixed. '

§.2.1 The allowable stress for rectangular windows shalil
be greater than the stress obtained by solving by trial
and error equation 5.2b for deflection and then
substitute into 5.2a. From Brookhaven National

Laboratory "Occupational Heaith and Safety Guide”,
Section 1.4.2, appendix C. :

S > E(ta)2[Ky(y/t) + K,(y/1)3] (equation 5.2a)
and the deflection can be calculated from:
qa¥/Et2 = K,(y/t) + Ky(y/t)3 | (equation 5.2b)

522 Where:
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t = thickness of window (inch)

Ky = stress constant based on ratio a/b (see table
below)

K, = deflection constant based on ratio a/b (see table
below) ‘ _

a = short side of rectangular window measured at
O-ring (inch)

b = long side of rectanguiar window measured at
O-ring (inch)

q = uniform pressure on window (psid)

S = allowable stress (psi)

E = Young's modulus of window materiai (psi)

y = window defiection (inch)

~ 5.2.3 Constant table for values of K for rectangular

windows:

b/a Ky Ky Ks Ky

1.0 72.5 30.5 23 27

1.1 60.9 276 21.3 2.7

1.2 53.2 25.7 204 2.7

1.3 479 - 2486 19.7 2.7

1.4 443 23.7 19.3 27

1.5 41.5 23.1 18.9 2.7

1.6 39.8 2.7 18.7 2.7

1.8 37.5 22.2 18.3 2.7

2.0 36.1 22.0 18.0 2.7

>20 352 214 17.6 2.7

Note: K and K values for maximum stress at the
midpoint of the long edge of window.

6. RESPONSIBILITY / DOCUMENTATION

The responsibility and documentation for thin windows shall
follow the "Fermilab Safety Manual", Vacuum Pressure Vessel Safety

~ (5033).
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EXAMPLE 1: Circular flexible window

Circular 3" diameter by 0.005" thickness Mylar window under vacuum.

t = 0.005" thickness of window (inch)
a = 1.5" radius of window measured at O-ring on
flange (inch)
q = 14.7 psi: uniform pressure on window (psid)
S = O05F; = 05x25000psi = 12500 psi or
0.9 Fy = 0.9 x 15,000 psi = 13,500 psi:
allowable stress (psi)
E = 500,000 psi: Young's modulus of window material (psi)
y = window deflection (inch) <= to be calcuiated
From TM-1380 Page 2, Section 4.1, Circular window with edge held but not
fixed.
Cny S > 0423 (Eq2a%2)'R (equation 4.1a)

12500 psi > 0.423 [(500,000)(14.7)2(1.5)% 0.0052]'3
12,500 psi > 9.029psi => Adequate
and the defiection is:
y = 0.662 a (qa/Et)13 _ (equation 4.1b)
y = 0.662(1.5)(1 4.'7)(1 5)/(500,000)(0.005)] /3
y = 0,205 inch <= Deflection
and: y > t2 (equation 3.1)
0.205" | >  0.005%2

0.205" > 0.0025" => Adequate
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EXAMPLE 2: Square fiexible window
Square 3" by 0.009" thickness Kapton window under vacuum.

t 0.009": thickness of window (inch)
3.0": short side of rectanguiar window measured at

a
Q-ring (inch) :

b = 3.0" long side of rectangular window measured at
Q-ring (inch)

q = 14.7 psi: uniform pressure on window (psid) -

S = 05F;= 0.5x25,000 psi = 12,500 psi or
09Fy = 0.9x12,500 psi = 11.25Q psi;
allowable stress (psi)

E = 400,000 psi: Young's modulus of window matenal (psi)

y = window deflection (inch) <= to be calculated

From TM-1380 Page 3, Section 4.2, Rectangular window with edge held but
not fixed. '

from table 4.2.3: forb/a= 3.0/3.0=1 ==> K; =0.271 & K, =0.320
S > Ky[E(qarty?]'® (equation 4.2a)
11,250psi > 0.271 [(400,000)(14.7)2(3.0)% (0.009)2]”3
11250psi > 5760psi => Adequate
and the deflection is:
y = Ky(ga¥Ey3 - (equation 4.2b)
y 0.320 [(14.7)(3.0)4/(400,000)(0.009)] 3
y - 0,221 inch <= Deflection
and: : y > -2 " (equation 3.1)
0.221* > 0.009"2 |

0.221" > 0.0045" => Adequate
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APPENDIX A
EXAMPLE 3: Circuiar rigid window

Circular 6" diameter by 0.005" thickness stainless steel (work hardened
- 302 S.8.) window under vacuum.

t = 0.005": thickness of window (inch)
a = 3.0" radius of window measured at O-ring on
flange (inch)
q = 14.7 psi: uniform pressure on window (psid)
S = 05F; = 0.5x250,000 psi = 125,000 psi or
0.9 Fy = 0.9 x 150,000 psi = 135,000 psi:
allowable stress (psi)
E = 30ES6 psi: Young's modulus of window materiat (psi)
v = 0.3: poisson's ratio
y = window deflection (inch) <= to be calculated

From TM-1380 Page 4, Section 5.1, Circular window with edge held and
fixed.

from section 5.1.2: for v=0.3 => K; = 5.86, K, = 2.86, K3 = 2.86, K, = .976
deflection is: gat/Etd = K¢(y/t) + K'z(y/t)3 (equation 5.1b)

14.7(3.0)%/30E6(.005)* = 5.86 (y/.005) + 2.86 (y/.005)3

y = 0.14 inch <= Deflection......solved by trial and error

where: | y > 2 (equation 3.1)

0.14" > 0.005"2
0.14" > 0.0025" => Adequate
stress is: S > E(¥a)R[Ks(yn) + Ky(yt)?] (equation 5.1a)
125,000 psi > (30E6)(.005/3.0)2[2.86(.14/.005) + 0.976(.1 4/.005)2]
125,000 psi > 38817 psi => Adequate




f‘rﬂf{_—‘w_/_ac ! Cp 0 0Fr)

10- s

APPENDIXA

EXAMPLE 4: Rectangular rigid window

Rectangular 6" x k9" by 0.006" thickness titanium (6AL-4V) window under

vacuum. _.
t 0.006": thickness of window (inch)

6.0": short side of rectangular window measured at

O-ring (inch)

b = 9.0™ long side of rectangular window measured at
O-ring (inch)

q = 14.7 psi: uniform pressure on window (psid)

§ = 05F; = 0.5x130,000psi = 65000psi or

0.9 Fy = 0.9x 120,000 psi = 108,000 psi:
allowable stress (psi)

E = 16E6 psi: Young's modulus of window material (psi)

v = 0.3: poisson's ratio

y = window deflection (inch) <= to be calculated

From TM-1380 Page 5, Section 5.2, Rectangular window with edge held and
fixed.

from table 5.2.3: forb/a=1.5 => K, = = 41.5, K2=231 Kz =18.9, K4 2.7
defiection is: qa®/Ets = Ky (y/t) + Ko(y/t)3 : {equation 5.2b)
14.7(6.0)4/16E6(.006)* = 41.5 (y/.006) + 23.1 (y/.006)3
y = 021 inch <= Deflection......solved by trial and error
where: y > {2 : (equation 3.1)
21" > 0.006"/2
021" > 0.003" => Adeguate
stress is: S > E(t/a)z[KS(y/t) + K (y/t)?] (equation 5.2a)
65,000 psi. > (16E6)(.006/6.0)2[18.9(.21/.006) + 2.7(.21/.006)?]
65,000 psi > £3.504psi => Adequate
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Vo CHECKING THE REGUILED MUMBEL

WL/ A/

OF BOLTS IN 4 g B FLANGE
CO/U/\/CC‘_P 0/\) RASED )
DEFLECTION OF FLANGE &D.

ﬁﬁs ANALYSLS 1S ,ZA{ED oN %Fﬂwwm/@

Aggc{/m,ﬂ/szNS | IR

g / PLATE'S sappa,e/ c&NR/ A_/;S'
AT PO//\// ‘C: “ !

5) THE D:,f:u—(/‘w Ty Wil

PRODUCTE  THE AL DISLOCAT o/u
AT FLANGCE BoL T cr,ecz.g
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;
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’ Caee 1. Annular plate with 2 uniform annular line load of w lb/in at a radius T,

General expressions for deformations, n

For the numerical data given beow, o :

. Casxe no., edge restrainu Special cases

la. Outer edge simply supported, Maxy=y3 Max M =M,
1; ey free IF v, == & {load at inner edge),

! b/a 0.1 03 0.5 0.7 0.9
f 0¥, K, ~0036¢  —0.1266 —0.1934  —0.1927  —0.0938
: ‘ > K, 0.0971 0.2047 0.4262 0.6780 0.9532
! | b X, 0.0418 0.1664 0.3573 0.6119 0.0237
: e K. . 0.39374 0.6210 0.7757 0.8314 ~ 0.9638
- o
i , ik !
i nr PR,

i 5
\ ik % T e -
LSRR : -
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CWINDO)

C) THE DISLOCATION) AL WL L ALLOW
Us o Fir/N
@o ’ @4
RESOLU/AG  TH+H4S
 oUTER EDGE

FREE ,

i

OALE A ¢
~ XED , ANWER EDE

E,C‘,/ WLd GryfE s (v REsulT
THE RERUIBED ROLT CUAMPING FORPCE

TAE ALGULCAR  DISPLACEMER);

AND  FIADING MOMWENT AT FLANGE

Se. Outer edge fixed, inner, edge free My =0 =0 y=0 4§ =0 a 0.1 0.5 0.7
— n=fa (.% - -’q) [ r/a 05 0.7 0.7 0.9 09
é_\__ 01 * X 0.0534 0.2144 0.1647 0.3649 0.1969
T2 P K, —0.0973 00445 | —0.0155 —0.0029 | —p.0013
#f,‘; *T g, e, K, —0.9875 02679 | —09317 —ggs0 —1.0198
. S Ty - - - - ~1
'r__..-—— ﬂaD ¢ ! K.,l. 2.6164 2.4377 1.6957 1.7293 1.3287
[ oty i R
Q=0 ) i VS,
a ;’ ® Case 6. Annular plate with an externally applied angular displacement 4, on an annulus with a radiy
: General expremions lor deformations, momen
A
! q 1y \ \E ;
H yh T
i ) 'réf:} 2
|
i | M, g, & a
! b~ Tk Q b %o
I
|
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For the numerical data given below, » = 0.3
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INTERNAL OR EXTERNAL PRESSURE

FORMULAS

p_ZG

NOTATION

SR AeY
HHUuonnwn

Internal or external design pressure ¥
Inside diameter of shell, inches
Maximum allowable stress value of material,
Minimum required thickness of head, exclusive ol' corrosion allowance, inches
Actual thickness of head exciusive of corrosion allowance, inches
Minimun required thickness of seamiess shell for pressure, inches
Actual thickness of shell, exclusive of corrosion allowance, inches

E = Joint effiency

CIRCULAR FLAT HEADS

ta=dv/0.18P/SE
This formula shall be applied:

2. th[d is not less than 0.05
nor greater than 0.25

the shell thickness t,

1. When d does not exceed 24 inches

3. The head thickness th is not less than

t=dx VCP[SE

t
C=033 X <
I

CIIIN = 020

2t, min. nor less than 1.25t
[_need not be greater than ¢

45° max \

<]

A0l d ]

S 11 L

If & value of tyjts less than 1 is used in
calculating t, the shell thickness t; shall be
maintained along a distance lnwardly from the
inside face of the head equal to at least 2v dt,

e
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TR

e i b

= , gN pressure, psig. "
= Maximum allowable working pressure, psig. o ey 2
2= Outside diameter, in. ' ’
= Length of a vessel section, taken as the largest of the following: inches )
(see figures A and B) Lo . TRt g R
1. Distance between the tangent lines of the heads plus one third of the
depth of the heads if stiffening rings are not used, - £
2. The greatest distance between any two adjacent stiffener rings, i
3. The distance from the center of the first stiffening ring to the head
tangent line plus one third of the depth of the head. . Co
4. The distance from the first stiffening ring in the cylinder to the cone-to-
cylinder junction. F o e
¢t = Minimum required wall thickness, in.

‘ _L_ \STIFFE

CYLINDRICAL SHELL
Seamless or with Longitudinal Butt Joints

When D,/! equal to or greater than 10
the maximum allowable pressure :
48

L _ 3D, /) _
The value of B shall be determined by the fol-
" lowing procedure: o T
+ 1._Assume a value for I;ISSec pages 47-49)
:Determine L/D, and D, /17 ™~ = e
2. Enter Fig. UGO-28.0 (Page 40) at the vaiue
" of L/D,. Enter at 50 when L/D, is greater
than 50, and at 0.05 when L/D, is [ess
VESSEL o fe than 005, e o s e

| h

WITHOUT STIFFENING RING | 3. Move horizontally to ‘the line ‘representing

/1. From the point of intersection move ver-
tically to determine the vaiue of factor A,
4. Enter the applicable material chart (pages
— 41-45) at the value of A, Move vertically to the
applicable temperature line®.

read the value of B. : ;
Compute the imum allowable working pres-

/

If the maximum aflowable working pressure is
. smaller than the design pressure, the design
- procedure must be repeated increasing the ves-
| et thickness or decreasing L by stiffening ring.
» “For values of A falling to the left of the
. applicable temperature line, the value of P,

¢an be calculated by the formula: s

TaAF
e
=

NING RIN
of

5. From the intersection move horizontally and
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Ky 0.14683 0.12904  © 0.07442 0.02243
g —0.00600 -~ 0.16800 —0.19100 —0.14400

{Nete: I r, approsches 0, see case 17)

10a Simply supported | 3, =0 M,=0 ,=l"—”5.- '=I,% M= -
. _ —gut f Ly o R
=" \T+r " u“) o Ane 00 02 YR
M, = ga'Lyy K, —oeees70 _ovsier -osdrst
. K 009615 008362 006783

IH= m—("’ - it o ‘-"' 0.2062%
| o L=t - : | N M, =0,
i L1, = "B_Gu ) s =
N R s ) T } 4o = "F‘(’ + " T3
! i, =T ¢, ' 1 . 64D(1 + 7}

L

-~0.01336

LTy = —qr¥Gyr

—~0.01563 —-0.00829 -0.00334 —0.00054

_— _f“ . N
Ly = i = A= %e = —3p e — ) P 0.08125 006020  0.03152 001005 000156
| v M, =g 4 )L ¢ K, —0.12500 —0.11520 005120 —0.01630
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