 Etonsanon oF G oo0cS" (TREF[l]

| _ | |40, . @2

T0: [ ms&EK

WEHANICAL. SAFETY oMM //7&-2
UEW PN

;. AeS2 yMUL ANSLCL

SUBDECT : THE #8% VACUUM WINDOW(E 73/, 773, 799
|  COMPONENT INSPECTION AND p 7-5 y

THE  G&" VACUUM WINDOW |, PRRT OF ToE
VACUUmM SYSTEM /N MC~& pas BEE/Y

DISKSSEMBLED AND VISUALLY INSPECTED.

-

IMPACT ON 1.&8m WINDOW ANALYS/S|

worpeerrns (O 70 SHow T

THE THICKNESS OF THE DONNSTREAM FLANGE
HAS BEEN MEASURED CACCORIING T
FIE-Z AND FI6.2 ARRANGCEMENTS .

|7HE RESULTES ARE TABULATED N  PBLE )

m ALUMINUY, N/ |
PMM&E; MINIMALLY G ER T2rE FACE

LANGE WITH IS MASIMIN
AND  0.008 " minimum.

THE /" Bolrs RAVE BEEN TORRUED
7O THE LEVEL WiiICH CAUSED BoLT-

ASSEMBLY AS WELL AS DEMIL CoMPONENEG.




|

N

CORRBSPON LY A/ G-
J-‘-‘- E. &
5.‘:‘- E' -‘-d-_é.

é—:: 0 co0 0O

p = 3900 (A )
P = 2/487

S7TRESS

/
’

0 0065

[o ]

lLs

A — ARBA AT
FER

A= 0855/

REE [/j

IWE .
9220, 73/ -

mD 202 178

W HERT ¢

P ~ FORCE LWSJ

RoeT™ OF- THREAD.

/=& UNC o

fn%

Yalt




EQUI JALENT TORRUE |

7 2342 Selecting the Comect Torque

Having said all this, we must still select an appropriate torque to produce, or attempt
to produce, o tarret preload we have established for our design. Our best be_t is to
use the so-called shor.fnrm torgue equation to make an estimate. This equation 1s

T = Kifpy (23-21)

The nut factor K is an experimental constant, a bugger factor. if you will, which
defines the relationship which exists between applied torque and achieved p_relqéd
in a given situation. The only way to determine what X should be in your application
is 10 make some actual experiments in which you measure both torque and pretoad
and compute the mean X and the scauter in K. If accuracy is not a big concern or
you are merely trying to select the proper size of wrench or determine the approxi-
mate preloads you will achieve, then it is safe to use a nut factor listed in Table

23-5.

ezr. [2 ]
M@;:ezz‘f
23, 30

23,30  STANDARD HANDBOOK OF MACHINE DESIGN

TAME 23-5 Nut Factors

Nuzt factor
Reported Reported
Lubricant or ¢coating on the fastener Source mean range
I. Cadmium plate 1 0.194-0.246 0.153-0.328
2. Zing¢ plate 5 0.332 (.262-0.398
3. Black oxide H .163-0.194 [ 0.109-0.279
4. Baked on PTFE [ 0.092-0.112 (.064-0.142
5. Molydisulfide paste 2 0.155 0.14-0.17
6. Machine oil 2 0.21 0.20-0.225
7. Camaba 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
10. Molydisulfide grease 3 0.137 0.10-0.16
11. Phosphate and oil 3 AR N15.422
iZ. Cupper-based anti scize compound 3 o1 C.08-0.23
13. As received steel fasteners 4 0.720 | 01600267
14, Mzted dAsieners ' 4 0.15
5. Grease. oil. or wax 4 0.12

SOURCES:
1. Values given are typical results from a very large and unpublished set of experiments on ASTM A 193 B?
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 applied in various test series.
2. Kazuo Maruyama, Makote Masuda, and Nobutoshi Qhashi, “Study of Tightening Control Methods for
High Strength Bolis,” Bulletin of the Research Laboratory Precision Machine Selection. Tokyo Institute
of Technology, N46, September 980, pp. 27-32.
3. John H. Bickford, An fntroduction to the Design and Behavior of Solted Joints. Marcet Dekker, Inc., New
York, 1981, p. 429.

. Fastener Standards, 5th ed., Industrial Fastener Institute, Cleveland, Chio, 1970, p. N-16. :

. Edwin Rodkey, “Making Fastened Joints Relinble—Ways 10 Keep ‘em Tight,” Assembly Engineering,
March 1977. p. 24.
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PREPARATION FOR ASSEMBLY:

CLEAN & POLISH BOTH FLANGE O-RING GROOVES

CLEAN & POLISH FLANGES & MATING SURFACES

‘MAKE ORANGE CORD O-RING FOR PIPE FLANGE GROOVE

MEKE ALUMINUM(1100ALLOY)O-RING FOR OUTER GROOVE
(weld with Al 1100 rod}

" FLANGE CLAMP POSITION
(4 PLACES)

Install work area plywood shoulder on
Pipe flange using the eight aluminum support

L rods w/1/2"--13x1/2" thread end and screw on
Ry . aluminum brackets to secure plywood to the
i N P s S w »
g:ﬁh:“jjﬁﬁﬁ? upport rods (SHOWN BELOW)
p T W g Z

.r

Keep Work area free of dust, debris; and chipé! Prepare a workbench

for materials by cleaning then applying a clean layer of new plastic
protéctive cover, .

The workbench should be used to store materials in use on the window
to prevent pulling the weave of the Kevlar or snagging or scratching

of mylar.



ASSEMBLY: (All materials should be inspected for < . nefore
using, during use, and after each step)

CAUTION: When any material has been stored, degradation
occurs from sunlight and dugt or dirt,so before
using any material it is necessary to remove a
couple windings from the roll to start with
satisfactory material fer +he ¥acuum window.

Place a layer of Mylar film (.005 thk.) across the plywood
shoulder, covering the 4 foot window evely. The film should be
trimmed about 4" away from the pipe flange and secured with tape,.
-allowing the film to sag, but not more than 1/4" at the center
of the window.

The Mylar should be kept clean. free of scratches, and
with no crease marks from folding or bgnding.

The KEVLAR layer may now be rolled out across the Mylar
inner skin. The Kevlar may be cut using sharp scissors. Be
careful not to pull any thread or strand of the Kevlar fabric.
Gently rub out any wrinkling using your hand from the window
center out to the edge.

Trim the Kevlar slightly larger than the Mylar film and
tape into position on the plywood shoulder. Be sure no tape
is placed where it would interfere with the mating flanges or
window membranes. The Kevlar should lay smoothly against the
Mylar layer.

You must now mark the O-Ring groove location and bolt
hole locations on the Kevlar fabric using a felt tip pen.

The bolt holes are readily identified by placing a light
under the flange and marking the fabric at each location.

To locate the O-Ring groove, the QOrabge Cord O-Ring must
be cleaned and seated in the groove from the bottom side of
the window. Again be careful not to scratch or crease the
Mylar film while tucking the Orange Cord O-Ring into the flange
groove. Now the 0-Ring groove diameter can be marked on the
Kevlar fabric using the felt pen by marking the raised fabhric
at the top center of the 0-Ring area. Now remove the Orange
Cord O-Ring from the groove.

The final layer of Mylar should now be rolled out across
the first two membrane layers, trimmed slightly larger, and
taped down to the plywood maintaining the same sag contour of
the first two membrane layers. : '
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REMOVING MATERIALS FROM BOLT HOLE PATTouiv..

This step requires the outer flange to be properly located
and secured to the inner flange with the vacuum window in position.
This may be accomplished by first cleaning the outer flange mat-
ing surface then positioning the flange above the window, being
sure tc align the matched marks on the outside diameter of each
flange. Now, lower the outer flange until the flange begins to
mate, then you can accommodate final alignment by viewing the
hole pattern markings on the Xevlar through the bclt holes in the
flange. Now lower the flange until most of the flange weight is
on the membrane. Fine alignment is checked by using & light on
the underside of the bolt hole pattern and viewing the hole from
above for at least four positions around the circle. Tap the
outer flange lightly with a rubber mallet to make the final align-
ment adjustments. Now the full weight of the outer flange should
be applied to the membrane and lifting Year removed.

The next step will be to secure the position of the outer
flange by clamping it to the inner flange using the fabricated
"C" lamps at the four clamp positions cut in the plywood shoulder.
To accomplish this it will be necessary to use surgical knives to
cut the membrane materials at the clamp positions, fold the
material and secure with tape to maintain membrane position.

The bolt holes edges will guide a surgical blade to accom-
modate membrane material removal with a relatively clean cnt.

CAUTION: You must be extremely careful not to pull any Kevlar
- fabric thread or strand which will unevenly stress
that fiber across the fabric.

Since this process invariably leaves strand ends, or fibers

of Kevlar in the bolt hole pattern as the surgical knéves become

dull, it will be necessary to more completely clean the hole
positions without further cutting of materials, or as bolts pass
thru the holes they will snag the Kevlar fabric or fibers and

‘Pull the fabric or fiber causing the uneven tensioning across the

vacuum window. It was found that burning will accomplish fiber
removal rapidly and cleanly; however, to prevent any possibility

~of damaging the window, the window must be covered during this

process. , :

PREPARATION FOR EPOXY SEALANT
HYSOL 308/826

After burning the bolt hole pattern clean of fibers, remove
the "C" clamps from the flange to prepare for lifting the outer
flange ring away from the vacuum window. Remove the outer ring
and position it so the aluminum (1100 alloy) 0-Ring may be
installed. <Clean the mating face and 0-Ring groove of the outer

' ring to prepare for O-Ring installation. Inspect and polilh the

aluminum O-Ring completely. Be sure the weld interface has an ‘
even transition across the weld area. Now lay the aluminum 0-Ring
in the groove and tap the 0O-Ring lightly with a rubber mallet se




the O-Ring will lay flat within the groove. To hold the O-Ring
in the groove during the final assembly of the vacuum window a
small amount of RTV silicone was applied under the 0-Ring at
numerous positions about the groove circle., To keep the 0-Ring
flat in the groove®it should be pressed down, excess RTV cleaned
off, and a weight placed on theo O-Ring at each RTV location until
the RTV has time to set (about 2-4 hours).

While the RTV sets, the window membrane needs preparation
for Epoxy Sealant application and final assembly. First the
Orange Cord O~-Ring is cleaned, then installed in the inner flange-

melt and stick together at each bolt hole location. To separate
the outer Mylar from the central Kevlarw.and inner Mylar a small
section of the bolt pattern is untaped from the plywood. material
layers separated, then the section is retaped in positien and
another area untaped for Separation. Separation of layers i3 done
using tongue depressors, The tongue depressor is inserted flat
against the Kevlar and pushed gently through the material inter-
face at the bolt hole. Move the tongue depressor towards the hole
center until- separation of the Mylar occurs then extract the
depressor and approach the hole from a different direction, always
moving towards hole center when separating the Mylar. Once the
Mylar is ~ompletely separated «t one hole, go to the next hole
until the untaped area is freed, then retape the Mylar in proper
positicon and move on until the whole outer Mylar is separated from
the assembly but properly taped. Because the O-Ring groove and
bolt holes are marked on the Kevlar fabric and the Mylar is fully

EPCXY PREPARATION {24 HR.CURE)

Epoxy is applied about the O-Ring circle, then around each .
bolt hole as indicated with felt pen markings on the Kevlar fabric.

To prepare the epoxy a 1:1 ratio of epoxy to resin is required.
75 ml of 826 resin and 75 ml of EM 308 hardener (catalyst) were
mixed thoroughly in a large container (> 1000 mi capacity). The

Half of the bolt pattern and O-Ring circle should have the

~outer Mylar untaped from the plywood shoulder, and carefully folded

back avoiding scratching or creasing of the Mylar, to expose the
work area.

- . -




Using the spouted kottle. a bead of
epoxy is applied approcimately 3/16" wide
by 1/8" thick. Larger amountS could run
Or soak too far towards center. After
applying epoxy at the O-Ring circle go
around each bolt hole in the work area.
Using tongue depressors, prod the epoxy
bead to work the epoxy into the Kevlar
where the epoxy has been avplied.

The Mylar film must now be rolled v
back over the work area, carefully re -
aligned and firmly secured to the ply-
wood shoulder.

The whole procedure is repeated for
the opposite half of the flange circle.

The outer flange should be cleaned, aluminum O-Ring intact
and lified for Dositioning on the vacuum window. Be sure the
match marks on both flange sections are aligned and use the
same procedure for ‘alignment as i
pattern for cutting/removing membrane materials,

To secure the outer flange fing do not employ the fabricated
"C" clamps, rather; place the 4 ground bolts through the flange

' with 90~ spacing on the hole pattern. Tighten the bolts, using

a torque wrench, to 100 tt./1lbs. by sequencing. .Tighten cone pair

of opposing bolts then tignten the remaining cpposing pair &f belts
to the 100 ft./lbs. torgue value. Now the remaining 60 bolts

should be installed and torqued to the 100 ft./lbs. step of tighten-
ing using the sequence in diagram "A" ’

There are two more steps necessary to increase torque to
the value which corresponds with the designated elongation of
the bolts (.0065 inch) as measured on the four ground to length
bolts. The torgque should be increased to 250 ft./1bs. and applied
again using the diagram"A" sequence. Finally, the whole procedure
is repeated at 375 ft./1bs.

The first time the window was assembled the unused bolts
achieved full elongation with only 175 ft./lbs. tension, however,
after ag@ing under stress (assembled for use in M-~Center), the
bolts may be in a pre-tensiled state, as indicated by the-375 ft/lbs.
tension necessaryv to stretch the holts for reassembly. We shonld
consider replacing the bolts rather than risking ductile failure of




any bolt in the event the 4 foot vacuum window needs to be
rebuilt in the future.

To finalize the vacuum window the inner Mylar layer is
removed by cutting from center to the outside edge within 1"
to 1 1/4" of the flange. Now cut thg Maylar arcvnd the complate
circle leaving approximately 1" to 1 1/4" lip of Mylar at the
edge. This procedure isg usually done at the installation site
after the 4 foot vacuum window is in the vertical position.

Technical procédures developed and documented by:

S/ Y

Charles D. Paul

Dean A, Wyncbtt
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