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1.0  INTRODUCTION 

The development of pressure vessels for use in solid fuel 
rocket motor cases has reached a state wherein further 
progress may be restricted by lack of suitable high strength 
metals and limitations in methods of fabrication.  Though 
the potentially high strength to weight ratio of fiber 
reinforced cases is recognized, the use of metallic cases 
offers certain advantages peculiarjbo metals alone.   ^ 

The application of metal wire or tape as reinforcement in 
pressure vessels dates back at least a century.  High-tensile 
steeSL wire has been used as the banding material on/certain 
riflek and guns as well as in other hollow bodies/(l).  With 
the possible exception of one recent investigation (2, 3) no 
attempt has been made to utilize the transverse strengths of 
wire or tape to support the axial stress in/pressurized vessels, 
Valenta (2)\describes vessels reinforced with wound profile 
strip which ^is shrunk on to a vessel (wh^le simultaneously 
quenched to high strength), putting the-monolithic portion 
of the vessel into compression.  Though the tape is contoured 
and interlocked, it does not appear/to support any of the 
axial load.  The present report describes a means whereby 
the transverse strength of severely cold reduced tape is 
fully utilized.  The method simultaneously facilitates 
application of ultra high strength materials which might 
otherwise be difficult Or impossible to use. 

The interlocking titaniunAape concept is an outgrowth of 
relatively recent work Carried out by this contractor (4) 
in the development of /he  hig\ strength titanium alloy 
B120VCA.  In sheet fo>m, this a^loy is heat-treatable to 
yield strength of 18^,000 psi, a\ strength level which on a 
strength-to-weight/basis is higherthan that of the best 
ferrous materials/used in rocket motor casings today. 
Unfortunately, this alloy is difficult to weld and even a 
successful weld/cannot be heat treated^to maximum strength 
because the ageing response of base material and weldment 
differ considerably.  It was observed that this alloy, 
similarly Wmost precipitation hardenable\ alloys, benefits 
considerably as a result of cold work priorVbo aging.  Thus, 
the useful strength level of B120VCA can be increased to 
300,000/psi, a strength which if fully utilized in a pressure 
vessel/Would result in a strength-to-weight ratio of about 
1.7 x/10° in. 

-1- 
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1.0 INTRODUCTION (Continued) 

The objectives of the present contract consisted primarily 
of the development of fabrication and metallurgical procedures 
for the manufacture of two basic structural shapes, the devel- 
opment of a wrapping machine and finally the experimental 
manufacture of two sub-scale vessels.  These objectives have 
been met. 

The Curtiss-Wright Corporation wishes to acknowledge financial 
support from the U. S.' Army through the Ordnance Materials 
Research Office.  The assistance of Dr. J. L. Martin, Messrs. 
G. A. Darcy, Jr. and I. Kahn of that Office as well as of 
Messrs. R. L. Weatherington and C. H. Martens of the U. S. Army 
Rocket and Guided Missile Agency is gratefully acknowledged. 

-2- 
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2.0  SUMMARY 

During the contract period, June 15,   I960 to January 14, 1961, 
the Wright Aeronautical Division of the Curtiss-Wright 
Corporation has pursued the work program as originally detailed 
in the Proposal (5) and has demonstrated the feasibility of 
interlocked tape wound pressure vessels from both the metal- 
lurgical and experimental manufacturing standpoint.  Demonstra- 
tion of the design concept as based on hydrostatic pressure and 
other environmental tests will be carried out as part of a 
proposed follow-on to the present contract (6). 

"I" beam and channel shapes were designed, fabricated and 
tested.  Turks heading was selected in preference to die drawing, 
though the latter process might be utilized at a future date 
for final sizing. 

A structural rig for experimental verfication of stress 
analysis data has been fabricated.  Several techniques for 
precise determination of tape dimensions have been evaluated 
resulting in the selection of a metallographic method. A 
specification for B120VCA titanium starting wire has been written 
and coordinated with two potential sources.  The static coefficients 
of friction of drawn and heat treated tape have been measured and 
separate interference fit measurements of the interlock have been 
carried out.  The aging response of both shapes in terms of 
metallographic structure and mechanical properties have been 
determined and a final heat treatment selected.  The low temp- 
erature properties of the B120VCA sheet, including notch sen- 
sitivity tests have been determined.  Several vessel liner 
materials and bonding methods have been evaluated. 

Vessel wrapping apparatus including dummy arbors, collapsible 
mandrels and other auxiliary apparatus have been designed, 
manufactured and utilized in the fabrication of two prototype 
vessels.  Design modifications in tape as well as manufacturing 
techniques based on experience gained in the present program 
have been carried out and will be incorporated in the proposed 
follow-on effort. 

•3- 
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3.0 RECOMMENDATIONS FOR FUTURE WORK 

HfflUflHon, inherent in the "Turks Heading" process of wire 
minufacturl ?o*ge1£er with observations made both during 
interference At  testing and wrapping require that the 
currently used tape shales be redesigned to incorporate 
deeoer grooves in both shapes.  This will assure Skater 
contactSare! and permit loosening of tolerances on internal 
corner radii. 

Several changes in the wrapping apparatus, collapsible arbor 
and Sndrel removal will be carried out.  Presently used 
?nnM^teel used in end adapters will be replaced by 25# 
Si iron resuming in ahigher available yield strength. 

The proposed second phase of the present contract will 
include experimental manufacture of six pressure vessels 
which will be subjected to hydrostatic tests.  The program 
wiTifurther include such studies and analyses relating to 
IdapterrattacnSent, wrapping techn^^^^"»^f S?1" 
-inr-a-v  and other areas found critical during the course OJ. 
invlstSatton Lading to the development of a practical 
application of the concept. 

rH- 
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4.0 DESIGN 

4.1 Mechanical Design 

The feasibility of using a high-strength interlocking tape 
wrapped vessel for a light-weight rocket motor was investigated 
from a design and stress point of view.  Figure 1 shows the 
selected interlocking tape configuration of three layers.  The 
configurations analyzed were based on a motor I.D. of 6.2 inches 
and an operating pressure of 4700 psi.  This diameter sub-scale 
vessel was selected because of the availability of a piston rig 
adaptable to hydrotesting this vessel.  In the stress analysis 
of this vessel, the effects of the small diameter on bending 
stresses and elastic instability were neglected.  This was done 
to permit direct up scaling to a larger diameter motor. 

The design of the interlocking titanium tape is based on a 
minimum allowable longitudinal and transverse yield strength 
of 250,000 psi and total (elastic plus plastic) strain of 4$ 
in the transverse direction. 

Based on these mechanical properties, two interlocking config- 
uration's were studied with emphasis placed on manufacturing 
feasibility and minimum weight. Figure 2 (b) shows one arrange- 
ment with "full-line" contact between adjacent butted channels; 
and Figure 2 (a) shows another arrangement resulting in "point" 
contact (under load) between butted channels.  Stress analysis 
has indicated that the full-line butted contact between adjacent 
channels produces the more efficient arrangement.  The final 
tape dimensions for both the channel and "I" beam are shown 
in Figure 3. 

Additional stress analysis was performed on the inner channel 
layer in order to determine the local bending stress in each 
channel caused by the internal pressure (Figure 4).  This 
bending stress is a result of the longitudinal bending of the 
channel between "I" beam flanges, and adds directly to the 
longitudinal stress. However, this condition would not arise 
in a full-scale rocket motor case since the internal pressure 
for the same tape stress level would be greatly reduced.  The 
present six inch diameter sub-scale test vessel is designed 
to yield at 4700 psi pressure, whereas a larger diameter 
vessel would operate at approximately 1000 psi.  To alleviate 
this local bending stress in the sub-scale vessel, the width 
of the "I" beam flanges was increased from .025 to ,o4o inches 
(Figure 5).  This reduces the free beam length of the channel 
and thus reduces the local bending stress. 

-5- 
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4.1 Mechanical Design (Continued) 

As seen in Figure 3,   the legs of the "I" beam and channels 
are tapered.  This is to permit assembly of the wires under 
the worst tolerance condition.  To insure interlocking of the 
wire assembly, the "I" beams are pre-stressed in the transverse 
direction.  The theoretical load required to force an "I" beam 
or channel into position is approximately equal to 2500 pounds. 
This load should be exerted by a roller of 5 inches minimum 
diameter.  The theoretical axial tension required when wrapping 
either an "I" beam or channel should not exceed 200 pounds. 
The 2500 pound applied load required to force the wire into 
position was calculated on the basis of an assumed coefficient 
of friction between titanium of 0.2 and a roller contact length 
of .1 inch.  A survey of the literature, later confirmed by 
direct tests, indicated that this value is low and a value of 
0.3 is more realistic.  The maximum axial load of 200 pounds 
results in a residual pre-stress of 50,000 psi for the tape 
in position on the vessel. This assumes that the entire axial 
winding load remains in the wrapped tape due to friction along 
the interlocking surface. 

4.2 Stress Analysis 

Stress analyses of the butted and spaced channel configurations 
have been completed. When the channel ends are spaced, it is 
possible to design channels and "I" beams so that only two 
different tape shapes are required and any number of layers 
can be added.  This situation will occur when 

t1A= t1B and LD = LQ. (See Figure 6 for nomen- 

clature).  The spacing between the channels will then equal 
the spacing between the "I" beams.  This arrangement is not 
ideal from a stress standpoint.  The loading on the channels 
produces bending stresses in addition to the axial stresses. 
This arrangement also results in a varying load distribution 
across the wall of the vessel which tends to overstress the 
inside and outside layers while understressing the middle 
layers.  Thus, the efficiency is reduced. 

When the adjacent channel ends are butted, two different shapes 
of tape are sufficient only when n (the number of "I" beams) 
is equal to 1 (3 layers) or the spacing between the "I beams ^ 
is 0.  For all other configurations, more than one shape of I 

-6- 
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4.2 Stress Analysis (Continued) 

beam is required.  For optimum hoop stress design, it is 
desirable to have spacing between the "I" beams; therefore, 
the case where n = 1 is recommended.  This case also affords 
the minimum overall wall thickness.  Prom a stress standpoint, 
the butted channel arrangement is preferable to the spaced 
channel arrangement because the channel bending stresses and 
the varying load distribution across the wall are reduced. 

Having established the interlock configuration which yields 
minimum stresses, an analysis was performed to determine the 
actual tape dimensions.  The butted channel tape configurations 
were analyzed in detail and the results are shown in Figure 7. 

An outline of the stress analysis is given below: 

(a) Consideration of the load in the longitudinal 
direction determines the shank thicknesses of 
the "I" beam and the channel.  Since there are 
two channel layers sandwiching an "I" beam layer 
in a three layer vessel, the shank must be twice 
as thick as the channel shank.  This assumes no 
pre-stressing of the "i" beam at the interlock. 
However, an initial compressive prestress imposed 
on the butted channel ends will tend to maintain 
line-to-line contact and minimize channel bending. 

(b) The thickness of the interlocking legs is obtained 
next.  For short interlocking leg heights (Z\ = 0.010), 
the allowable shear stress determines the thickness 
of the leg.  In general, this thickness is more than 
two and one-haIf times the channel leg height.  Since 
the interlocking legs are relatively short in height 
and broad in thickness, the interlocking load was 
assumed to be transmitted in shear without accounting 
for bending effects. 

(c) The length of the "I" beam must be equal to the sum 
of twice the channel leg thickness plus twice the 
"I" beam leg thickness. 

(d) The height of the channel leg (Zl) is determined by 
the allowable bearing stress on the interlocking 
joints. 

-7- 
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4.2 Stress Analysis (Continued) 

(e)  The length of the channel (Lc) is determined last. 
The metal-filled area of the wall is varied by 
varying the channel lengths.  For an optimum 
design, the metal-filled area is sized for the 
allowable vessel hoop stress. 

The detailed stress calculations made in determining the 
final shapes of the "I" beam and channel are shown in Appendix I. 

4.3 Weight Estimates 

A weight estimate was made to determine the percent weight saving 
of the titanium tape over a solid wall steel shell of 300M 
material having a uniaxial yield strength of 200,000 psi minimum. 
The weight of the tape wrap includes the interlocking tape and 
the plastic liner.  The weight of the interlocking tape shell 
is 50$ less than the weight of the 300M shell (Figure 8). 

4.4 End Attachments 

The design for attaching the ends of the interlocking tape to the 
domes is shown schematically in Figure 9.  All three layers of tape, 
after being wrapped around the threaded dome adapter, are held in 
place by groove pins. (An investigation of other bonding methods was 
carried out and is reported in Section 5.) Because of the helical 
winding of the interlocking tape, the natural tendency of the tape 
under pressure would be to unwind (See Figure 10).  The necessary 
restraint can be attained in three ways: (1) by bonding the inter- 
locking tapes with an epoxy resin to withstand the shearing tendency 
to unwind; (2) by using a counter-winding combination of layers in 
which the unwinding tendencies can be mechanically neutralized; 
(3) by relying on the interference fit between interlocking tapes 
to withstand the unwinding tendency through friction.  Stress 
analyses have indicated that the torsional shear stresses are low 
(422 psi) and the friction between tapes will restrain the vessel 
from unwinding. 

Figure 9 shows the adapter to be tapered where the unsupported 
cylindrical section of the interlocking tape starts.  This 
taper minimizes the discontinuity stresses at the intersection. 
Under internal pressure the tapered adapter section in contact 
with the tape will yield radially outward and reduce the dis- 
continuity effects. 
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4.4 End Attachments (Continued) 

Sealing of the vessel against internal pressure can be 
accomplished by coating the inside of the motor with a 
layer of vinyl. Vinyl, which has a relatively low modulus 
of elasticity, is capable of adhering to the tape wrapped 
vessel without cracking when subjected to the radial and 
longitudinal strains of the pressurized vessel. 

The final design of the sub-scale vessel is shown in Figure 11. 
This drawing shows details of the tape, adapters, and the 
assembly.  The piston rig, which is used for hydrotesting, is 
shown in Figure 12. 

4.5 Piston Rig - Jacking Fixture 

In order to test the operation of the Piston Rig Apparatus, 
a burst test of a solid 300M steel vessel was carried out. 
The vessel was pressurized to a burst pressure of 5000 psi 
without damage to the piston rig.  However, in assembling the 
piston covers containing the hard rubber "0" rings and leather 
back-up ring, a larger than expected force was required to 
compress the "0" ring.  This force was transmitted through 
the vessel to ground.  Consequently, a jacking fixture was 
designed and fabricated which will prevent this high com- 
pressive force from being transmitted into the vessel.  The 
design of the jacking fixture is shown in Figure 13. 

4.6 Structural Rig 

A structural rig which will be used to evaluate the interference 
fit has been designed and fabricated.  The purpose of this rig 
is to determine the parameters which affect the stresses in 
the tapes.  Schematically shown in Figure 14 is a freebody 
diagram of the channel subjected to the loads resulting from 
the interference fit.  It may be observed that the interference 
fit tends to clamp the channel flange and prevent rotation 
during pressurization. Figure 15 shows the apparatus which 
will be used to evaluate these stresses.  The channel sections 
are fabricated from B120VCA titanium strip and will be ten 
times the actual cross-sectional dimensions.  The clamping 
plates will also be fabricated from B120VCA titanium.  These 
plates when bolted together will produce an interference fit 
with the channel sections.  Hoop restraint is induced by 
transverse clamping which simulates the internal pressure 
effects.  The test procedure to be used for this rig is 
detailed in Appendix II, and the instrumentation layout is 
shown in Figure 16. 

■9- 
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4.7 Roll Redesigns 

The following procedure was used to determine the dimensions 
of the proper finish "i" beam rolls that would yield the 
correct tape cross-section.  The form rolls were not reworked 
and are shown in Figure 17.  Figure 18 shows the finished 
rolls assembled, the dimensions of the rolls, and the 
resulting rolled tape dimensions.  Since the angle of 17 
is more than the desired 12°, a new roll was made (Figure 19) 
havine an angle of 1 to 3°.  This roll produced a tape angle 
of 7 5°.  A plot was then constructed (Figure 20) which relates 
roll'angle to tape angle. Based on this data a new roll was 
made having angles of 4.5 to 5.5°.  The resulting tape dimen- 
sions are shown in Figure 21.  The "I" beam roll width was 
also changed to produce a greater interference fit. 

A similar procedure was carried out for the redesign of 
finish channel rolls.  The form rolls shown in Figure 22 were 
also not reworked.  The first shape rolled is shown in 
Figure 23, the second in Figure 24, and the third in Figure 25. 
A plot of channel roll angle versus tape angle is shown in 
Figure 26. 

-10- 
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Figure 3 
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Figure 1* 
11* 



.003£ 

.ooeo/a 

.00/5 

.00/5 e 

.00/0 

.054-4% 

,0536 

J35 

AQ4/% 

.03S 

J33 

,0093 
.002/ 

A 

.0594 

.0573 

T 
.0095 
.009/ 

W/eE - Z-3£AM 

Figure 5 
15 



WIRE    MOMEKICLATURE 

-\   h 

*.** 

t» 

T?eT 
JlEG 

SHANK 

Ä U 

L. 

CH^MM£"L 

1?s~|_ 

SHANK 

L£G 
r 

LEG 

"IB 

"1 LEG 1 

T 

1— -U L. 

DUMBBELL 

Figure 6 
16 



Wright Aeronautical Serial Report No. MP.00-224 

STRESS ANALYSIS SUMMARY 

Configuration 

Wire Material 

Mechanical Properties (psi) 
Longitudinal 
Transverse 
Bearing . 
Shear 

Dumbell Dimensions (in.) 
Length - LD 
Shank Thick. - t$ 
Leg Thick. - t1B 
Spacing - S 
Interlock - ^ 

Channel Dimensions (in.) 
Length - LQ 
Shank Thick. - t2 
Leg Thick. - t1A 
Spacing - S 
Interlock - ^ 

Overall Vessel Thickness (in.) 
Helix Angle 

Dumbell Stresses (psi) 
Hoop 
Axial 
Interlock Bearing 

Channel Stresses (psi) 
Hoop 
Axial 
Leg Bending 
Leg Shear 
Shank Bending 

Torsional Shear Stress (psi) 

3 Layers 
Butted Channels 

Titanium Alloy, B120VCA 

250,000 
250,000 
417,000 
150,000 

0.104 
0.040 
0.026 
0.093 
0.0093 

0.197 
0.0155 
0.026 

0 
0.0093 

0.089 
00-46.2' 

250,000 
250,000 
416,000 

250,000 
250,000 

0 
150,000 

0 

422 

Pig. 7 
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WEIGHT COMPARISON 

fcO? ̂ WkM V. 
i 

reFLOAjuNas- 
ses F/GUPE 3 *OP w/ze 
D/MENS/ONS 

^\o05" 

'/ A 
o.eoo 

—r 
.0735'' 
 L 

TITANIUM AT £50,000 PSI Y.S. 

CHANNEL (a) 
DUMBELL (/) 

LINER 

* .O0IZ63* 
* .000697 
- .000063 

.008835* 

TPICENT AT eoo.ooo P5i yes. 

SHELL   -   .00453* 

WEIGHT SWING OVEP CYL/NPP/CAL   .00453-.002235    -„V 
SECT/OM OP   TP/CENT  M0TOP     '        .00453 *^°/o 

Figure 8 
18 



I? 

I 
s 

8 

1 

Figure 9 
19 



5 

i 
Q 

■>. 

Q 

§ 

HI 
8f 

lu 
10 
in 
tu 

If) 

en 

i 
IT) 

I 
O 
V) 

Figure 10 
20 





-m~ 

-at' 

-m 

-m- 

-■- A \ 

=?ar- 

*r- -L* 

r^H 

■m- 

(I * f 3*r W**r) 

rJ 

■© 

Qgfln - fffJ 

V-, 

T 

* 

,© 



.*»«      r-Wf 

U 
US 

■® 

it  UNLESS OTH£KI*t*C snc/rire 

\z5e54391 

Ü 

riue f nrrrwi /)«V ; 
«■ *-ao- «« "«r .»  ji W \t*r*/f« £<«« * ,   HVÄJT -1 «**/ 1*/» "* 
a \t'f 
i «■/■'■«» - .vv« * «-« 'gHfJSJEXr K— 

<WMI ctWWf -rxtss aiiL Y1?™. l?»w 
/»M*«1 */ fLue - rtA/rro rune riss™ *£?■£/' 

cwee/r pna*4i 
V/Mw * tOlT-MMW   SltttlXl't* <-■'.■> 

V*iNfi.taot*.nistcT.*iA ho*« H—• « 
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Figure 11 
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Ahj/o4£tz   2A*eee?p -(I?£ASMD) 
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P?<£<pV£ r& /40-/&0 W. LOS. 

.2-24--S4ZQ/4Weu 
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•JSZAKI 303 m&Li, 

WEL DIH<? TECÜK/IGUc.MEAT TCE/irt SURFACE FUJI SH    I 
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K?£/pvE 7g> f40~/<^0 /// .las. 
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- 20'  ? PLACES 

343-375&/A 
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___r 

J". 3 74 
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I.D. 
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TdPPe    . ISO MAX DEPTH 
?5G- 2Q TAP . 50OM/AJ DEfiTW 

Q*J€ /SOL? ■ /T£MS Sj7 
(f&eputLEesc#E*/)' 

.S5C   ZQ TAPTUeU (PLATEOKILY) 
e^c-^ee soeEu/ TAPS E<? SPACED K//T#/*J 
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tfClDPOWM SCREWS 0*JS./?S QM BASIC  B-C. 
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\'Ö"/S/U$    .275 SECTIOK/AL D/A 
5.&>00*023 I.D. 

SY/JMETIC &VBB£-e 

Agy 
/.49 

SCALE  4:1 

3erge£ c 

® 

Al 1 PLU4 £ FirnWG, ASStl^pLV!        i £«££? F/Af/SM   7 UfJLESS OTMc 

43?^5i 1 CiPdSsEMBLY. peess ^F4L!      rfrV" 
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3"; "   ":" ''■' 
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4.5QO 
4.49 3 

O.O. 

5.55B      %3£*F- 
5.55G, LD. 
PLATE 
O.D.     %S2X 

PLATE 

i _\ 3 -4 

-J r. o. 

/.49 

SCALE 4:1 

DETAIL   A 

3£*oee curr/Kt^ 

ES23Ö98] 

© 

i?5 

see41c SMSP <rc$£S 

A SUEFACE5 COWSTEuaED AEOUMD CE.iT 
EIGHT 4W&LES TOd COM MOM A K 1 S MU5T BE. 
tVruikl   FULLlWDlCATOe 1?E^CIWQ   SPECIFIED. 

Figure 12 
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_4<3 4 - .V/lS  DIR  THJ?U 
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y. 
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s/ nil  ovee 
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Figure 13 
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REVISIONS 

j                       DESCRIPTION !DAT£' ENCRS. 

1 I 

,iH    V~ 

FIMlSHfcO    Ol»^,    *-.o\o 
ALL   AH<iLES i.  e» 

ALL    PHOTS S   APPLV 
0NL6SS     OTHtrevjise   SKC\F\tD 
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*m4-ceo 

AM4C4i 
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W r f.o 

| t 

Oil 
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BIOT-.25Q-Z.&UNF-3»     4%i L»MftTH 
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SP&Cir-ifcN    CLAW*> 

*TMl_ 

CLA.MP- "I'BEM^ 

SPECIMEN-CUAiWUUio/l  VJIRCVI.C 

RC3z-3<-      1" 

V»1* 

OTHER       ■ t-ORG 

SCALE    FULL 

JOB NUMBER     tSMU 

Z*WONMI 

CURTIS .> 

n.rt 

INTER. LOCKlN&i     TlTftMlUK 

WIRE      CAift   - 

CHAKINKL 4.V-BMM  JOINT B.1C, LS 25810 

Figure 15 
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QCe *. AS* CrtAWriH. 

■ 2429 K. 

OF   ROt-LEB. 'TLS' 

■QlSx4S*MAX   CHAMFCR. 

5EE   EKlLABfiED    VlC*/ 

SCAie IQ/I 

A.OOOZ 

Cos**-') 
,Q50&5 

OF    ROLLER    ' BLS 

A.ooog 



(■'MO) 

^A-ooog 

PMEMSIOM&  aw Wta^   SAMPLE    t^pe 
WITH  BOLLER*   mown AT L^FT 

DESIgKD  DIMEr4aiOUa   GWt.Nl   fcj    PARtNTMEaeS 
3CA,Lfc   .scpT  "  

UtslLeSS   OTMEC^iSe   3PKIf 

ITEM j PA|>T ,~   1 . 
NO   | PARTN0 ;A a-v. PART NO   I   PART «,      z 

ADO REfEBENCE      ONCrl. 

1 

SCALE           1/,                        , ™4V-tjl*wl] 
JOB NUMBtft ] iT«TL-j .n/4^ 

!""'■■"-»Af/w i^1. 
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WRIGHT A£RUNA>.TlCAi. -■. . 



1325754- 

~c 
UNlLeSS   OTHEgWlSE   3PKIFI6D 

PART NO. ! ASS-V. 

JOB NUMBeft 
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AaoUKlD   Qtt. AT   «K&HT   Ai4ftL«S 
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»fc  v^lTriiKl    FULL    NPtCATOCL 
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AMD   SBCTIOKI  SMOWiiOq,   BOLlcR* 
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L*  g*7S4   SM2 

DESCRIPTION 

CURTI55-WRICMT CO ,- v^nee  ROLLERS 
FIMlSM LS25754 

Figure 21 
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D, 
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w, .t*ü2 
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DfttS MO 
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CMAMOB 
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LgTTggBP   3lPC-gT" 
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VIEW 
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cm 
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cscn 

out 

s» 
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LS 25753 
SW. I 
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Figure 22 
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ROLLEE. * Tnrr 

ROLLER 'JET 

LBTTEgED  SIDE   BL 
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BE  WITMISJ    FULL   IMPICATOg 
gEAOW<«    SPECIFIED 

FOR.   SIP6    gQLLeg   gc BOTTOM   gqU-ER. 
DETAILS    AHO    SECTION!   SMoWlrvlGi 
BÖLLERS    ll-l    ROLLlMq     FOSITIOM 
SEE     LS 25753   SUZ 

SS 
T$E 

3S 
CURTISS-WRIGHT CORP 
WMQHT URONAUTKU. W. 

OJAUtffL WWE ROLLERS- LS25753 
—n 1»q   3 OF »wm 

Figure 24 
34 



A .0002 

SEE   ENLABQED 

SCALE    \c/\ 



1 

SCALE    iq/| 

UKILESS   OTKtEWISE   SPECIFIED VFIMIS 

fc 
ABOU 
TO A 
KOÜM 
BE W 
gjAD 

FOB 
PTAI 
gOLLE 
Set" 

■JTWHHU1W 

^M NMINM 

CURTISS-WRIGHT CORP 

WRIOHT AERONAUTICAL CHV. 
CHAMi 

1 

Figur 
■3S 



.0249 

LS 25753 
SU  4 

JMLE5S  OTH£EWI56   SPECIFIED ^FIKlISM    DIMS   t OIQ 

FIMlSM     ALL     O^SE 

'All   AtiSlES    * 2 * 

T 
A   SURFACES     COMSTBUCTEP 
ABOUND OB AT  BISHT  AMSLES 
TO A CO*A*AOi   AXIS   WMEKj   FftgT   15 
MOUMTED   OH   SUBFACE   X MUST 
BE  WTHIM   FULL   INDICATOR 
REAOIKta   SPECIFIED 

FOB   3IDE    gOLLBK.   gb BOTTOM gpLleg. 
PTAIL3  AMP  SECTION snowiua 
eoLLEm   IM EOLUN<«  pasmoKj 
See   ISSälss  aU^g  

/n/i» 

CURTBSWRIGHT CMP     CHANHS. WE ROliERS- 
Wft«HT AERONAUTICAL D1V. F'Nl 13 H LSZ5755 

3iTTT"nnJ 

Figure 25 
35 



"l"   BEAM    ROLLER   ANGLE   VS.   TAPE   ANGLE 

ui 

Id 

O 

"i"   BEAM   TAPE   ANGLE 

Figure 20 
30 



OF   ROLLE«. 'TLS* 

■OISK4-S'MAX   CHAMFER. 

SEE   E*ILAgfiE.P    VlC*/  . 

««««* 

JUSO» 

A.OOQg 

Cose*) 
.05635 

oF   gQLLeg    BLS 

A.ooog 



taw) 

<A.OOOg 

A.OOOg 

PMEMSIOMS   Of »/IRE   SAMPLE    hiADE 
WITH    BOLI-Eft*     »HflWI   AT  LEFT 
(AVCftAfrg   OF    2    SAMPLES) 
DESIRED DtMEMSiOKlA  <3#/tKl'lNl   PABEKTMESES 
■scAj-t 3»r ~~  

UKILCSS PTMee^iSE SPKIFI 

'NO* 1 PWiT **■ 1 ASS'V- PART NO   !  PART NO      Z 

AOD MFEMNCE     CANCtl 

P. 

SCALE         1/,                   f'-v-OnJ] 
JOB NUMBcR                              1 si-Tij njUL 

CO-.-.f.Ml^J/tt "'.   ; 
CURTISS-WRICHT CCJ ..'. 

WRIGHT AERON/>'  TiCAl -■... 

ViCOOJiiOGf. km jikni   Li' 

I 



fLE    MADE 
jAT LEFT 

t kj   PfcttrardESfcS 

1525754- 
SH. 4. ~c 

LtslLess oTHEg*jise SFBOFIEP 

ALL    AsHSL&s    ^?* 

ru-iis*  ALL cve«.^"" 

A   SURFACES    COfJSTgaCTteO 
AROU<4D   OB. AT   gl<5MT   ANM.L«3 
TO  A COHMOJ   AX.LS   WrtEfcJ  WKBT 'S 
KOUKITED   OKI   SUHFACt  X WST 
»fc  vVtTVt'Kt    rULL    lK|DlCAtt>gT 
geADitJ»    SPCClRgQ 

rog, sioe aoLLeg oeTAiLs 
AMP  sacnoKi S^OWIKU^ aoLCea» 
jt4   ROLLHsKSt    POSITION    SE6 
L* zarj&A- Stj-i 

PART NO.   ASS'Y.    CART NO 

s»t l/j_ 
JOB NUMBER 

CURTI5S-WRIGHT CO ..' 
WRIGHT AWON^.TICA'.L... 

r itfiee ROLLERS - 
FiMiart LS25754 

Figure 21 
31 



LETTERED    SlPg'fL 
DM1 CHAU6I A e 

p; 2.5607 
?.3&06 

Dt 2.5191 

Di 25101 

w, .140,2 

°*-l 7'BO' 

•<-2 7\JO' 

fcj4LAg<aeP   vteW 
SCAt-6 -TErsI   TIMES   3IZE CHS'BNEL FDEM BCULEE *2T 

\ L&TTfcgEP   3IDE "BC 

LETTS BED   S'    i    I 

CHANNEL""FOBkCODLLEE *X  



mm^s^n^frrrrrimr^. 
CMS 

OMtJU 
A 

atMM 
a— 

* XIV 

tBTTeaeo  s\tx.-«rr A ttfclS CKS1 

»» 13675 

/            -*4    .15 

— .31                                                       [ 
.DIS« 45* CUAHFEK 

w, .17*7 «a- 
\         11 

-) 

CtfAWNEL FORM COLLER 

I 

MW. 

1               y^             ~\ 

^r <vr% 
2 - 

D 

-5C-.2 

AMFtfi. 

1 \ ! 
3EE   EhlLABütu/ 
view \             -^ - 

/' 

.015 B-              / 

SHACP   CO(&4EB^ 
fcs-AMIS     /tW 

■ETTEEED   SIDE      TL 

■ROLLER.   *^r 

LETTERED   SIDE    RT 
LFrreeED s   ?   LT" 

ao'_ER *jsm 

i r 

coLLea * *ii/ 

LET I bKfeU   Sipg   St.' ROLLER.   * T 

_BOLUU&   raamoT3~ 

'''".". v     IL." 



TTTSaF™ 

er 

*:z 

LETTERED   SIDE    RT 

) "1              r~ 

/ 

LS 25753 
SH. I 

«*T 

CHANNEL WIRE ROLLJCRS FORM 
ZTIOKI  sMowiraa  aoLLea-g 

Figure 22 
32 



LETTegCP     SlDE'LT* 

■ SOPS 
■ 2933 

DW5 CHAiJ« 
ClUrtGE 

6 

P, «.559« 

o2 2.354Ö 

w. .159a 

ffi A 1> N 
- \ 4 .■ ■ -- 

>   S/s   /' 

■ - W, ■ 
-<0[5 «45 CHAMFER. 

CHANNEL  FIV5H EOLLEE*XEI 

LF-TEr.«e^     SIDE    TL' 

•-H8. 

»? 

•■> A- 

5f L   C-J: 

V 

1 SCAl_E-TT=fJ  TIMERS SIZE 

A SORFÖ.CES CONSTRUCTED AROOND OK 
KT  Ri&WT ANGLES, TO ft COH^QH MW«, 

X MOST BE   WlTH\M   FULL INDICATOR 

ALL HOTES  APPLV   UNLESS 

IJTH«WIJ£   SPECIFIED 

FINISHED    D\M    "t.OtO. 
_ALl_  O.N<iLES t    l* 

"      LS 25753-4- 
CHAMNJEL FIMI5H  K5LLEB * J5T 

LETTEKEP    ^ipe'B'J 
QMS 

NO 
CHARGE 

C«A<4äe 
A 

CHAM« 

D, 2.5477 
?.5+7e> 

»* Z.27772 

D3 ?.Z777Z i 

W, -IM9S 

CHAMME.L FINISH 1J0U£B*3L 

OS *A5* CHAMFER. 

LETTESED     SIDI 

LETTERED   SIDE   LT 

(20LLEE. * JS 

LETTEggD   31 



—-0254 —»• 

LETTERED     SIDE     TL 

LETTERED SIDC  LT' 

ROLLEE. * -gQT 

ROLLER *JST 

Lnreeep SIDE ' BL" 

BOU.BR rrx 

LETTE BED   SIDE "BT' 

ROLLEB. *= inr 

.f ^TiSr11 ■^gy** gen.«« 
«CJJ - TCNi TiviKasiie 

NO   | M*T N0- 
ADO 

SCALE 
JOB NUMBER 

CURT 



■—.0254 —« 

lU'IS' —\ 

_L 

1—-J»46— 

\ .OOf< .0093    1 

1 1 

 zooo   

i 
 1 

LETTESES   s.oe   BT 

ROLLER. *  X2" 

US 25753 
"■ 5H. 2 r 

■MOJfoJtt   BÖLLERS 
JOB NUMBER 

CUBTISS-WWCMT CORP. 
WM04T ftflWNAUTIOL CUV 

OUMU warn agu-aas 
7S»iv») ~LS 25753 

Figure 23 
33 



Mil?!«. 

5E£  EMLAgseD , 
view 

- 
.1509 IZ4IS 
.\507 123« 

SCALE IQ/I 

\A.OOQg 



A.oooz 

T 
.0094. 

__i  

r 
ozaa 

UKlLESS   OTHERWISE    SPBClPED 

CURTISS-WRIGHT CORP 

WWHT AEftOMAUTKML ON. 



Tio' r 
0096    / 

3?4fl 

LS25753 
SM.   3 ~~ 

TALL  AM^LCS   tz' 
U^JLESS   OTM6RW13S    SPMlPBQ jFIMkSH     CMS    t.QIO 

[.FIMISM    ALL    O/Eg.    \F~ 

A   SURFACES     COt4s-rgUCT£n 
AeouMp  oe AT »ISHT AMSLES  " 
TO A COMWIOJ   AXIS   WHtw   RAET    IS 
MOUMTEP oM SURFACE X MUST7"— 
BE  WlTMlNJ    FULL   INDICATOR 
KEADMS    SPECIFIED^  

FOR,   SIDE    gQLLee   <fc BOTTOM   gnLLFB 
DETAILS    AMD    SECTION!   .SHOWING.  
BÖLLERS    IM    ROLLlMS     KttmnJ' 
SBC     LS 25753   SK z   

SKjjjT 

^ 

CURTtSS-WRIGHT CORP 
«MIGHT AENOHMJTICM. «V. 

irwrf'n 

LS25753 
3H   3 OF n nun 

Figure 24 
-3), 



A .0002 

SEE   EMLABSED y 
VIEW 

SCALE    iq/l 



L 

t B'5a'-^'h 

 I  
.O034 
 1  

A 

ÜKlLESS  OTHERS 56   Sf 

CURTISS-W 

WRIQHT A£J 



-~\ 

t #30'- 

.0094 
_1  

LS 25753 
SM  4 

'ALL   AUGLES    * Z * 

UNILESS  OTHEBWISE   .SPECIFIED -JFIMISl-j    DIMS   ± OIQ 

FlMlSM    ALL    Ov'Ea   V 

A   5UBTACES     COMSTaUCTED 
AROUKJD OB AT  gIGfrtT  AMS.LE5 
TO A COVWPM   AXIS   WH6H   PACT   IS 
HOUHTED   OM   SURFACE   X MUST 
BE  WITH IM   FULL   IMDICATQg~~ 
KEAOIMS   SPECIFIED' 

FOB   3IDS   gOLLEg.  a. BOTTOM asLLea. 
PTTAILS   AUD  SECTION! SUOWIUG 

3EC 
 eOLLIMSi    POSITION!- 

LSg57B3 Ü^V  

we 
»23 
SE 

CURTISS-WRIGHT CORP 

WRIOHT AERONAUTICAL LUV. 
CHANNEL WIRE RDLLERS- 

PMI5H LSZ5753 
«■n3** or "■" 

Figure 25 
35 



CHANNEL   ROLLER   ANGLE   VS TAPE  ANGLE 

ui 
-i 

LÜ 

O 
tr. 

CHANNEL TAPE   ANGLE 

Figure 26 
36 



5.0    METALLURGY 



Wright Aeronautical Serial Report No. MP.00-224 

5.0 METALLURGY 

5.1 Work Statement 

Metallurgical work carried out under the present contract 
includes tape manufacture, development of measuring techniques, 
measurement of interference fit, development of heat treatment, 
determination of frictional coefficients, evaluation of liner 
and bonding methods and a limited number of low temperature 
tensile tests. 

5.2 Starting Material 

Commercial B120VCA titanium alloy weld wire produced by centerless 
grinding and drawing was procured in the mill annealed condition. 
Two sizes, .154" and .123" were evaluated resulting in the final 
selection of .123" nominal gage for both shapes.  The fabrication 
of lengths in excess of 100 ft., though successful in some heats, 
resulted in cracking and rupture in the case of the most recently 
purchased material.  Poor wire surface in "as received" material 
was observed to contribute to this problem.  Superficial pickling, 
either acid or basic, found effective in improving surface con- 
dition was not always found to alleviate the problem.  Other 
possible causes include hydrogen embrittlement, surface con- 
tamination, and variances in chemical composition.  In order 
to insure quality and uniformity in future purchases a speci- 
fication for B120VCA material in the form of coils of wire was 
prepared.  This specification is reproduced in detail in 
Appendix III. 

5.3 Rolling Techniques 

5.3.1 Round Wire Breakdown 

5.3.1.1 "I" Beam 

The round wire discussed in Section 5.2 is cold reduced to a 
rectangular shape prior to further reduction in the Turks 
head mill.  Originally, a Universal Turks head was used to 
produce all rectangular shapes.  This procedure was abandoned 
in favor of a more rapid procedure which utilizes power driven 
rolls.  The current breakdown is carried out in a groove mill 
and a flat mill, and is as follows: 
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5.3.1.1  "I" Beam (Continued) 

Pass 
No. Mill 

1 Groove 

2 Groove 

3 Groove 

4 Flat 

5 Flat 

6 Flat 

7 Flat 

8 Flat 

Thickne 
Re c tang 

ss  of 
le 

Width of 
Rectangle 

.118 .118 

.108 .108 

.100 .100 

.092 .108 

.084 .116 

.076 .124 

.068 .132 

.062 .140 

5.3.1.2 Channel 

The breakdown of round wire into rectangular cross-sections 
for the channel tape is more complicated since the amount of 
spread (.121" Dia. to .2165") is much greater.  This procedure 
also requires the use of a groove mill and a flat mill, and 
is as follows: 

Pass 
No. Mill 

Thickness 
Rectangle 

Width of 
Rectangle 

1 Groove 0.1050 0.1320 

2 Groove 0.0990 0.1352 

3 Groove 0.0950 0.1395 

4 Groove 0.0900 0.1425 

5 Groove O.0855 0.1466 

6 Flat 0.0810 0.1510 

7 Flat 0.0760 0.1570 
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5.3.1.2 Channel (Continued) 

Pass 
No. Mill 

Thickness of 
Rectangle 

Width of 
Rectangle 

8 Plat 0.0720 0.1615 

9 Plat 0.0590 0.1760 

10 Plat 0.0540 O.I816 

11 Flat 0.0494 0.1887 

12 Plat 0.0443 0.1950 

13 Flat 0.0396 0.2030 

14 Flat 0.0350 0.2100 

15 Flat 0.0310 0.2165 

The problem of reducing round wire to the rectangular 
starting shapes necessary for Turks heading was further com- 
plicated by the necessity of avoiding the use of oxide coatings 
which normally serve as lubricants.  Oxide coatings were found 
to result in embrittlement in the subsequent Turks heading 
operation. 

5.3.2 Turks Heading of Rectangular Wire 

Initially, two procedures of cold reducing rectangular B120VCA 
titanium wire were considered.  Use of power driven rolls in 
a "shell mill" was believed to offer the advantages of spread- 
ing rather than elongating the material and allowing heavier 
reductions per pass because no extremely heavy pull was needed. 
It was, however, found that the accuracy of the shell mill was 
not sufficient to maintain the critical internal shapes, par- 
ticularly the angles.  Heavy passes resulted in cracking of 
the wire.  Intermediate annealing was discarded since it 
lowered the attainable strength of the final product.  Emphasis 
was, therefore, placed on the Turks heading method. 
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5.3.2    TurKs Heading of Rectangular Wire   (Continued) 

This -tnod    utilizing  idli? rolls^^ ^^..^itl,», 
oHuJustment,'hence? better accuracy.    The Turks head »ill is 
» S    Säf ^oSendrSg^n^e^ooel °thf rflll may 
Austere ÄÄ £ Pair,   /--11s  can M^ 

SS ^ISÄ^M    nco?p rat s \L above and in 
addition,  provides means for lateral adjustment. 

T4- „»«,  mii-iallv thought that by limiting reductions  in each 
oLs to a  smali percentage,   large  total reductions in area 
?ould be  oSned.     In addition,   it appeared advisable  to 
employ one or more  intermediate anneals. 

Numerous samples were produced ^yf-^äeSlatHnnealfwere 
but with varying degrees of success      »Sh      It was found 

material after the final pass exhibited a tensile yiexu 
strength of 210,000 psi. 

wßimmmmr1 
forming rolls,  each ^f £§r^

a^n eltremA7 heavy finishing 
S^^as^ecLsarfin oroer to avoid steps in the  internal 
walls. 
Though the finished dimensions stained by the heavy reduction 

rs^ig^reducfio^eSorrnS -f gw P- Ä r 
introduced.     These P™«*"^ «racking    Changes to the 

ÄctorTlor roiling^  Äfl ^{TlT^l iT" 
C Sfrtzltre^es If ^M' S^UaÄ«.... 
In the ^bors!    fKerosene-water mixture was used as a 
lubricant. 
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5.3.2 Turks Heading of Rectangular Wire (Continued) 

The techniques developed for the processing of tape in the 
small mill were found applicable in the larger mill, resulting 
in the successful production of the desired shape (Figure 3) 
Roll design, spring back calculations and modifications of 
rolls are reported in another portion of the present report 
(Section 4). 

5.3.2.1 "i" Beam 

Using the procedure outlined in the above section, the best 
I beam shape was produced in two (2) heavy passes.  The 

first pass reduced the webb to 0.04l6 and the Overall length 
to .1370.  The final pass reduced the webb to .0395 and the 
length to 0.134. 

5.3.2.2 Channel 

The final channel cross-section being smaller, but wider, 
than the "I" beam required somewhat smaller reductions.  The 
following is the proceudre employed for the manufacture of 
the channel type. 

Pass No. Channel Webb Thickness Channel Width 

1 .029 .2045 
2 .027 .2043 
3 .025 .2042 
4 .023 .2041 
5 .021 .2041 
6 .0195 .2040 
7 .0185 .2035 8 .0175 .2030 
9 .0165 .2000 

10 .0155 .2000 

Figure 27 illustrates the major steps in the fabrication of 
the channel shape.  As illustrated, shapes K through 0 contain 
ridges at the base of the channel which are used to force 
material to flow upward. 

Figures 28 and 29 illustrate both cross sections in the 
etched and unetched condition.  As may be observed from 
Figure 29, flow lines follow the internal corners indicating 
favorable flow with respect to the interference fit and final 
pressure vessel requirements. 
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5 „4 Evaluation of Measuring Techniques 

The measurement of both shapes has presented a serious problem 
due to the close tolerance requirement imposed.  An investiga- 
tion of several measuring methods was carried out.  These 
include measurement by means of a comparator, projection by 
means of a metallography micrometer measurement of external 
dimensions, measurement of a calcium sulfate mold and use of 
toolmakers' microscopes and air gages. 

The projection of both shapes by means of a comparator resulted 
in readings differing by as much as .0025 from outside dimen- 
sions as measured by a micrometer.  This was primarily due to 
distortion in the tape produced by cutting. Glancing of the 
comparator beam from a flexed portion of the tape also proved 
inaccurate because of distortion. 

The above attempt also showed that any twist or bend could 
produce erroneous results.  This imposed the requirement that 
measurement must be made in a perpendicular plane.  This was 
accomplished by copper plating (non-adhering) the tape to a 
thickness of approximately 0.005 inch.  The tape was then 
placed in special metallographic clamps as illustrated in 
Figure 30.  The specimen was then polished metallographically 
and photographed at 50X.  The photographs were then measured. 

Comparison of the results obtained using the above procedure 
with micrometer measurements revealed a difference much less 
than those obtained with a comparator. However, this difference 
( 0005 - .0001 inch) was still considered too great.  It was 
decided that the metallographic method be used to measure 
only dimensions which could not be measured with a micrometer. 

In an effort to obtain greater accuracy a fourth method was 
attempted whereby a small mold was clamped onto a portion of 
the tape, and filled with CaS04*' 1/2 H20 solution.  This 
solution was allowed to set for 2 hours.  The impression thus 
produced was then projected on a comparator and measured. 
These measurements also did not agree (0.001 inch larger) with 
micrometer measurements. 

External comparators, toolmakers' microscopes, and air gages, 
in combination, were tried next.  A comparison of the dimensions 
obtained by this method versus those obtained by metallographic 
and micrometer methods is as follows: 
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5.4 Evaluation of Measuring Techniques (Continued) 

II T II I" Beam 

Groove . ^ 
Width Height Depth_ _J_JL £L XL-£i 

20° 15° 
Non-Metallographic  .1378  .060  .0093       60     6o 15o30. 
Metallographic     .1343  .0586 .0100 (  30 

Channel 

Non-Metallographic  .2025  .0265 .0095 9°   14° 
Metallographic     .2015 .0268 .0095 7     f ^ 

Note: 

->' 1 

$2 
top left side 
top right side 
bottom left side 
bottom right side 

The above comparisons show that there is a large discrepancy 
between the two methods.  More significant however, is ^ 
flct that the non-metallographic measurements do not agree 
Sth succeeding attempts to measure the same tape. 

5 5 interference Fit 

c°haPnnedl!°Iven Sough-the »I» *«» ™ out of tolerance 

^onelnch'lenglns Tf^hannefJerfhStefagainst etch other 
S3 the "I5 tea^placed over the flats  Two^orechannela 
were then added to complete the top ^yer.  ine ass 

^7^ri^^Ä%S^^SpS.5.  Pressure 
was maintained on the sample at all times. 

This procedure determined the force required to produce an 
interference fit. 
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5.5 Interference Fit (Continued) 

A determination of the force needed to achieve an interference 
fit is carried out as part of evaluation of each tape lot 
produced.  Figure 31 shows the results of pressing together 
the tapes shown in Figure 32.  The load was applied in the 
center of the "I" beam.  It may be noted that the center of 
the "I" beam has deflected before one side has had a chance 
to seat.  This caused a cocking effect resulting in an un- 
satisfactory interference fit.  Another set of channels and an 
"I" beam were pressed together with the load applied to the 
"I" beam fiances.  The result is illustrated in Figure 35. 
This loading method eliminated some of the bowing and resulted 
in better slating of the sides.  The lack of good fit is due 
tS the undersized width of the »I» beam groove.  Despite this 
the tapes stayed locked after the load was released. 

rn order to determine the amount of interference fit from the 
Standpoint of assembled dimensions and f°r°e ™^d for 
separation, an experiment was carried out whereby the  I 
beam and channel tapes shown in Figures 21 and 25 were pressea 
together (2 layers) and the total thickness measured (from 
infidf of "I" beam'to outside of _channel) as a function of 
applied load.  The results are given in Figure 34.  It can be 
qeen that a 2400 psi force was necessary to initiate a permanent 
Interference fit and a 5000 psi force was necessary to seat the 
»T» beamSn the channel. Figure 36 shows a 3 layer assembly 
pressed together under a 5000 psi force.  Though some separation 
is6 ill Sieved to be present, the illustration exaggerates 
this due to rounding of edges during polishing J^is fact isn 
confirmed by observation of strain markings adjacent to gaps 
w£en the assembly was subjected to higher compressive loads. 

in order to estimate the force needed to overcome the inter- 
fWnPP fit the fully seated sample was attached to small 

specimen yielded a failure load of 6 pounds. 

The values obtained are considered sufficient to prevent un- 
SLpinS (dSriSg vessel assembly) of a partially wrapped layer 
Son removal o? the restraining forces imposed by the wrapping 
mecLniSm tnd drag break.  This was verified during trial 
wrapping of a dummy arbor. 
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5.6 Tensile Testing Apparatus 

All attempts to test both »I» beam and channel shaped^apes 

äs.«: äS ^VSI'S? iS!;n°HA- 

which are held by the grips      The frictionai lore apparatus 
ss srcSsr^tSsf^1st

B^
rse5igs

pi?(£s s*«*,-. 
5.7    Heat Treatment 

The heat treat prooeudre was de^S^a^tapf^eping1""™ mind 
m?lX IlSÄM  strength " Pe-ent duotiUty. 
The specimens to be heat tr.ated »-e«rst decreased £t tuVLoe 
°f eonftfnt'heirSone   (llo^forvLlou/tSe: ranging from 
fhSSTSS'ÄT.t'. g5ivin temperature,      Bl; procedure was 
repeated at several temperatures until the time ana wrap 
?o produce maximum properties was found.     The results are 
presented in the following  sections. 

5.7.1 Channel Heat Treatment 

The results of aging channel tape are Presented In TaWe I and prie r LoTHn ^/^^ssfre^Äd te 

V^tSe  length  This hea? treatment results in approximately 
the^slmelr^operties as the "I" beam heat treatment. 

5.7.2  "I" Beam Heat Treatment 

The results of .aging «I» beam ^^f^^lf sfren^thVaf 
are presented in Figure 38.  The maximum yieia     «^ 
obtained after aging at pCPF for ^ n?ment was approximately 
tensile strength produced by thl^ treatment wabdpp 
279,000 psi and the yield strength was 272,000 psi. 
elongation was 1.5 percent (1" gage length). 
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5 T 3    Metallographie and Hardness Study 
The aging response of the channel tape as a function ofjperoeat 
reduction in area and hardness «^^^.^ctions shown 
accomplished hy aging  samples    having^ 
in Figure 27 at 750 F lor sented m Figure 39.     It may 
resulting microstructares are Pi       lndicate behavior in a 

f f spAaf prrctfira^elprocahiyMcrJ)  shown in Figure 39  CO 
is indicative of overaging. 

4       o   c; wi no-ram load was  taken 
A Vickers hardness  survey ™^e*J>££f™ £hown in Figure 41. 
across  the above  specimens.     The  resume increasing 
a

Tne  curves  indicate ^^^J^tT^s than the hardness 
iTA^T^telo hour treatment. 

5.8    *n mi nation of ^»*»  and Bow ** 

Twisting and bowing of tapes was found to^ause Jl^Jg 
during  the wrapping operation      M*™*    resulting  in loss of 
particularly  in the  case  of  the     I    oea   ,„  helix causing 
interference fit.    f ^/^ficularly in the  case of the difficulty during   stacking,  particulars 
first channel layer. 

Both problems are associated with the -^the^ul^lo* . 
which supplies the force nJ°e^ary    bowing as well as 

for the presently used bull blocK. 

5 9 coefficient of Friction 

The design of both channel and «I» beam shapes a=d a^^ 

ro
eoeteSne°Lf fctuaf vflurwfs Performed in the following 

manner 

.  Twist - Rotation of cross-section about tape^xis.^ 
**    Bow - Bending  of the  tape axis paraix 

n-p   t-iip  web. of  the web. 
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5.9 Coefficient of Friction (Continued) 

Two titanium channel tapes were mounted back-to-back 
and clamped with a predetermined load (Figure 4l). 
The channels were then pulled in opposite directions 
and the load to initiate slippage noted.  This 
experiment was repeated with different clamping 
loads and the corresponding slippage loads recorded. 
The results are tabulated in Table III. 

An increase in the coefficient of static friction from .270 to 
.348 as a result of heat treating was observed.  Analysis shows 
the interlock to be effective only when the condition tan Q<M. 
is satisfied, where 9 is the interference fit angle, and yu    the 
coefficient of static friction.  Figure 42 shows the derived 
relationship between the tape angle and coefficient of friction. 

5.10 Evaluation of Bonding Methods 

In accordance with design requirements, it is essential that 
the tape be bonded to the adapters.  The possibilities con- 
sidered include brazing, soldering, ultrasonic welding, and 
the use of resins. 

The goal was to obtain a tensile shear strength of 4,500 psi 
with 0.001" strain. 

Brazing was not attempted since the temperatures involved 
are usually above 1000°F which is in excess of the upper 
limit of the aging temperature.  Low temperature brazing or 
soldering and ultrasonic welding were found unsatisfactory. 
Epoxy resins appeared attractive since they are either room 
temperature curing or cure at slightly elevated temperatures. 
An evaluation was carried out wherein a piece of steel large 
enought to contain a piece of B120VCA channel tape was zirconite 
blasted and degreased.  The titanium tape was cleaned in 3 parts 
HF-30 parts HNOo solution for one minute and washed in water. 
The resin was applied to both parts which were then allowed 
to come in contact with each other.  The specimens were pulled 
in uniaxial tension using self-aligning grips.  A deflecto- 
meter was used to measure the cross-head movement.  B120VCA 
channel tape was previously tested and stress-strain curves 
determined.  At given loads a corresponding strain of the tape 
was subtracted from the total deflection and stress-strain 
curves for the resins were then drawn.  From these curves a 
modulus of elasticity for each resin was calculated. 

\// 
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5.10 Evaluation of Bonding Methods (Continued) 

Tests showed that the resins all had moduli! of elasticity in 
the neighborhood of 10,000 to 25,000.  These results are tabu- 
lated in Table IV and are illustrated in Figure 43.  It was 
found that Maraset (Marbellette Corporation) had the highest 
strength and elastic modulus while Bondmaster (Rubber and Asbestos 
Corporation) was next.  Eastman 910 and Goodyear Plibond did not 
adhere.  Since a value of 4,500 psi was required at a 0 001" 
strain, the material would require a modulus of elasticity of 
4.5 x 10°. ..  This could not be attained in resins. 

5.11 Vessel Liner Evaluation 

A test was carried out to determine the adherence and elastic 
properties of Teflon as a vessel liner.  The vessel is so designed 
that a sharp angle exists where the first tape layer leaves the 
adapter  For testing purposes two (2) pieces of metal (titanium 
and steel) were joined together as shown in Figure 44  Teflon 
was then sprayed over the joint and the metal pieces pulled in 
tension with a 4500 pound force. 

imnnr?SUlJ?1°L2;hlB    ^^    ^^    that    T6fl0n   C0Uld   n0t   be    ^Hed 
!S ?v,4  f111 J?i? corner and provide a leak-tight joint.  In view 
of this a modified Teflon and vinyl were tried.  The results of 
this evaluation indicated that the modified Teflon flaked when 
subjected to tensile loading. However, the vinyl coating withstood 

oreflaking?     ^ (45°° "' l0ad) Wlth°Ut «^noticeable cracking 

5.12 Cryogenic Properties of B120VCA Ti 

The results of limited low temperature tensile tests are 
presented in F±gure45and shown in Figure 46. 

The room temperature smooth sheet specimens had a gage length of 

lllil    anV Wldth °f -40° ± •°05"-  The low tempelature smooth 
sheet specimens were the same except that the specimen width was .250", 

The notched specimens were the same as the room temperature smooth 
specimens, except for a notch with a root radius of 0 010 ± 001" 
an included angle of 45° and the minimum width was .270 + .003". ' 

It can be seen from these results that this alloy is not reliable 

SAfi^o!^ Stre^th 

thrsamenresultseCOnd ^^ ^ S 0*°50" gage Sickness produced 
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CHANNEL   BREAKDOWN 

Figure 27 
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Figure 28 
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"In-Beam and Channel Flow Lines 

Figure 29 
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SCHEMATIC   ILLUSTRATION   OF   METALLOGRAPHIC    CLAMPS 
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'I"-Beam - Channel - Pressed 

Figure 33 
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Three Layer Interference Fit 

Figure 35 
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TABLE  II 

-3 2 
"I" BEAM SHAPE HAVING CROSS-SECTIONAL AREA = 5.0 x 10  IN 

Aging Temperature           UTS.   Y^S.    Elongation 

and Time  _ ^Kbi^    -> L          

As Received (50$ cold work)  211.3    204.2      4.0 

800°P - 5 hours 

800°F - 10 hours 

800°F - 15 hours 

800°F - 20 hours 

246.2 239.75 2.0 

262.5 252.5 2.25 

265.0 254.0 1.75 

263.0 255.5 1.0 

800OP - 25 hours 264.0    259.0 

800°P - 30 hours 263.O    254.5 

800°P - 38 hours 255.0 
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Hardness vs %  RA 
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TABLE III 

COEFFICIENT OF FRICTION OF B120VCA TITANIUM WIRE 

Torque 
(#) 

Nominal Load 
N (#) 

Tensile Load 
P (#) 

Coefficient 
/'   =  F 

N 

Cold Rolled (Drawn) Wire 

24 1046.9 280 0.267 

28 1219.9 360 0.295 

34 1480.0 400 0.270 

42 1828.2 455 0.249 

56 2436.5 660 0.271 
0.270 Avg 

Cold Rolled, Heat Treated Wire 

24 

28 

34 

42 

56 

1046.9 395 0.377 

1219.9 ^15 °-3^0 

1480.0 510 0.345 

1828.2 650 0.355 

2436.5 790 0.324 
0.34Ö Avg 
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TABLE IV 

RESIN EVALUATION 

Resin 

"MARASET" 

(Marbelette Corp.) 

Shearing Stress   Modulus of    . 
(psi)        Elasticity (X10^)(psi) 

1003 2.04 

"BOND MASTER" 

(Rubber & Asbestos Corp.) 

824 1.78 

"DEVCON '2 TON'" 

(Devcon Corp.) 

516 1.69 

-69- 



to z 
to 
ÜJ 
tr 

8 
CL 
UJ 

CO 
Ul 
> 
tr 
Ü 

< 

CO 

to 
> 

ÜJ 
K 
H- 
tO 

< 
UJ 
X 
CO 

(ISd)     SS3H1S      MV3HS 

Figure ^3 
70 



LINER FILM TEST 

C4 
CM 
O 

hi 

< 
U 
«0 

Figure kk 
71 



Wright Aeronautical Serial Report No. MP.00P224 

LOW TEMPERATURE TENSILE PROPERTIES 
OF 

B120VCA Ti - AGED AT 900°F - 75 HRS. 

AC (HEAT #F-6236 - GAGE - 0.O9O") 

Test 
Condition 

Smooth 

UTS 

Elong- 
ation 
in 1" 
(#) 

RA 
RATIO: 

Notched UTS 
Smooth UTS 

Temperature 

Room 214.0 3.4 4.9 0.78 

Temperature 
Notched 164.1 1.0 

-35°F Smooth 220.6 1.5 3.1 0.61 

Notched 135.5 .3 0.5 

-65°F Smooth 227.2 1.2 1.5 0.57 

Notched 129.5 .05 0.1 

-110°F Smooth 235.8 1.0 0.5 0.52 

Notched 121.5 0 0 

-320°F Smooth 

Notched 

190.0 

64.0 

0 0 0.34 

FIG. 45 

-72- 



V3uv   Noiionaaa 

o 
in 
CM 

H19N3M1S     3TISN31     31VWinn 
N0I1V9N0H3 

Figure k6 
73 



6.0 EXPERIMENTAL MANUFACTURING 



Wright Aeronautical Serial Report No. MP.00-224 

6.0 EXPERIMENTAL MANUFACTURING 

The manufacture of two 6.2" I.D. sub-scale vessels,   employing 
the tape configurations illustrated in Figures 3 and k,  was 
accomplished on a converted lathe shown in Figures 47 and 48. 
This piece of equipment consists of the following components: 

(a) Wrapping Apparatus (6T-60924) 

(b) End Adapters (LS-25439-7) 

(c) Collapsible Mandrel (6T-60925) 

(d) Reel Equipment (6T-60988) 

(e) Dummy Arbor (DA-323Ö0) 

6.1 Wrapping Apparatus 

The wrapping apparatus (Figure 49) rolls over the mandrel 
assembly (described in the following section) on the ways of 
the lathe.  It is initially supported on three legs.  The 
apparatus is fitted with three equally spaced and free ro- 
tating rollers.  Two of the rollers are mounted on shafts 
which are clamped to the frame and the third is mounted on 
a cylinder.  This system is capable of applying a rolling 
radial force of 2500 pounds on the tape.  By application of 
the rolling force, the apparatus lifts from its legs and 
centers itself on the mandrel.  The roller shafts are axially 
and angularly adjustable by means of gage blocks and sine bar 
devices mounted at the shaft ends (Figure 49).  This provides 
a means of tilting the rollers to the wrapping helix angle 
while maintaining their correct axial positions.  A spring 
loaded guide pushes the tape axially at the point of tangency 
as the tape is fed on the mandrel.  Three sets of rollers are 
required to wrap a vessel.  Each set of rollers is formed to 
suit the particular tape shape.  The apparatus is attached to 
the compound of the lathe carriage through tie rods for 
driving through the lathe lead screw.  This provides axial 
and square adjustment of the apparatus while it is engaged 
in the lead screw pitch.  By removing the tie rods, the 
apparatus may free-track to follow the pitch of a tape lay. 

Trail wrapping was attempted with spring loaded tie rods 
pulling the head in the anti-wrapping direction with forces 
which are great enough to overcome the friction between the 
tape and the arbor.  The tests were unsuccessful since the 
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6.1 Wrapping Apparatus (Continued) 

rollers pulled out of the tape track.  The rollers were sub- 
sequently reworked to remove the .010" radii at their edges. 
Another trial run showed them to still roll out of the tape 
track.  It was then concluded that the head must be able to 
track freely, uninhibited by external forces. 

The tie rods were removed and the same tape was wrapped with 
the head tracking freely.  The roller helix angle or tilt was 
set for .190" pitch or .010" less than the channel width.  As 
the channel winds on the arbor, it is continuously pushed at 
the shoulder by the difference in pitch, which causes the 
tape to slip on the arbor until it butts the previous wrap 
(Figure 50).  After butting is achieved, the roller slips on 
the tape to make up for the pitch difference.  This is a 
continuous and smooth occurrence since the displacements are 
achieved in the circumferential length of 20 inches in each 
turn.  The first trial of 14 wraps measured .011" more than 
14 times the mean width of the channel.  A second trial with 
a more uniform channel was wrapped 17 turns with a measured 
length of .0005" more than 17 times the mean tape width. 
This method of wrapping is considered acceptable for the 
first layer. 

Trial wrapping of the second layer was first attempted with 
an embrittled tape section which failed under load.  A second 
attempt was made using a unheat-treated length which distorted 
under a load of 1500 pounds and required 500 pounds to bottom 
on the first layer. The second layer was wrapped successfully 
with a 1000 pound radial load, but the interference fit was 
not sufficient for full interlock. 

The third layer was similarly wrapped with a 1000 pound radial 
load.  The three layers shown in Figure 51 were wrapped on the 
dummy arbor demonstrating that the wrapping technique, except 
for increased interference fit, is feasible. 

6.2 End Adapters 

300M and SAE 52100 steel end adapters are rough turned, heat 
treated, and ground all over.  All helical surfaces are ground 
on a thread grinder in the solid stock.  The grinding of the 
inner tape is done after assembly in order to maintain adapter 
strength during wrapping and mandrel stripping.  The technique 
developed for grinding the helical surfaces utilizes a set of 
wheel dressing cams which provides a "V" shaped wheel edge 
with a 24° included angle.  The point is dressed down so that 
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6.2 End Adapters (Continued) 

the wheel grinds a groove of .0544"-.0536" width when fed to 
a sufficient depth.  The adapter is clamped on an arbor 
(Figure 52) which has angular scribe marks to permit rotation 
and re-indexing of the adapter relative to the wheel and arbor 
which are constantly engaged in the machine's .200 pitch.  In 
this manner, control of the pitch is maintained while the same 
wheel is relatively shifted from position to grind the other 
groove shapes which are off the pitch lines. 

A comparator chart of 62-1/2 magnification was used to check 
the helical surfaces on an optical comparator. 

The grinding of the inner taper is done after assembly in order 
to maintain adapter strength during wrapping and mandrel strip- 
ping.  A support tube (Figure 53) was designed and fabricated 
which clamps the adapters of a finished vessel.  This tube 
supports the vessel during grinding of the tapers and also acts 
as a.protective case for the vessel. 

6.3 Collapsible Mandrel 

The end adapters are assembled and clamped on a mandrel (Figure 
54) which holds them in positio > and provides a core for 
wrapping.  This mandrel is capable of absorbing the wrapping 
loads and is collapsible and retractable after wrapping.  It 
consists of a solid stepped shaft (Figure 55) onto which a 
five-segment shell is assembled.  The segments were made from 
two hardened cylinders which were ground on the I.D. to fit 
the center shaft and on the O.D. at each end to fit the counter- 
bore in the locating rings»  The segments are clamped to the 
shaft by means of the locating rings which are piloted on the 
shaft and are in turn clamped in the assembly.  The end adapters 
are assembled on the locating rings and held axially between 
the segment's shoulders and end plates.  The adapters are free 
to rotate for angular positioning by adjustment of the end 
plates.  In disassembly, the end plates are removed and one 
locating ring removed by pull-out screws.  The assembly is 
located on a sleeve which permits the pressing out of the 
shaft which in turn pushes out the second locating ring.  The 
pressing load is opposed by the reaction load passing through 
the sleeve, the end adapter, and the segments.  The segments 
are then free to be pulled to the center and withdrawn.  During 
wrapping, the mandrel assembly Is driven on a lathe between 
the face plate and a live center (Figure 56). 
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6.3 Collapsible Mandrel (Continued) 

The extraction of the mandrel, after wrapping, required approx- 
imately a lo!oOO pound force.  This was resulted in the paging 
T2  ;hpVarip causing; a "saw-tooth" effect.  In view of this, a 
new^nneJ^co^a^designed and constructed for the collapsible 
mandrel.  The new core incorporates a 1/16 inch thick Cero 
Alloy" sleeve which will be melted before extraction of the 
core, and thus reduce the extraction force. 

6.4 Reel Equipment 

Reel equipment is mounted on the lathe head and locates the 
tile  reelsin the axial location of the mandrel.  Each reel 
(Piffure 56) holds enough tape for one layer and spaces it to 
tne Sapping pitch.  The reel is mounted on a shaft shich is 
supposed between bearings (Figure 57).  A drag brake is mounted 
ItTne  end of the shaft and is controlled by a Potentiometer 
which can vary the tape tension in a range of 0-400 pounds. 

6.5 Dummy Arbor 

A dummy arbor (Figure 58) which ^ula*eJ *J^*1 ^hlf is a 
with end adapters has been designed and fabricated. This is a 
hardened solid steel arbor which is used in the development 
Sf tapping procedures. Variables due to tape tolerances and 
assembly of parts are minimized so that the adapters and mandrel 
are not jeopardized during development. 

6.6 Staking 

This method of joining the tapes to the adapters includes drilling 
for pins in the hardened tape and adapter material on a sensitive 
drill  The drilling must be done at the wrapping machine with a 
hand drill which prlsents risk ?f drill breakage  grilling 
of the end adapters requires solid carbide drills which are ex 
Sremely brittle.  The Staking pin size has been increased to 
1/16" to reduce drill breakage. 

6.7 Wrapping Development 

Trial wrappings of the first layer were made with the roller 
lellx  angles let for .200" pitch and the wrapping head driven 
Sy the lithe lead screw.  The resulting pacing was erratic 
Tne first layer must be wrapped with channels butting tigntiy 
tS permit filing of the second layer Verlock  Several modi- 
fications were made to the wrapping apparatus primarily for this 
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6 7 wr^pln« Development, (Continued) 

purpose.  The rf^^^.f^re^tfy'thf ^^1^^^ 
rate, and the lathe lead being exactly   ^^ ^ used tQ 
Therefore, axial slippage is expe ie&d scrQW^ as 

originally .SxSeTÄ'^U.rrf practical. 

Experiments were then run with th*.wrapping |PP-f - »^ 
bare dummy arbor using 'a"0^.r°^eking rate was detected, loads. An inconsistency in the trackig     ^ aefle^l0 

riils^er^est^rishfd to3minim!Ze1he effect of these devi- 
ations. 

A   A  ™,+- tn determine the axial drag Experiments were also carri ^ °ut to de term ^ ^ ^^ 
force required to overcome the °1 ampi g  ^ ^^ the arhor by 
on the bare arbor  The apparatus w     Cables, fitted with a 
means of roller tilt and clamping io fixed &t oppo. 
spring balance, were attached to the *       untll the re- 
site ends.  The apparatus trackeütne        between the 
straining force of the cables caused slippage between 120- 
rollers and the arbor  Coefficients       ^^ ^^  pi  s 

.126 were realized. A /^-^^ rollers and the arbor, but 
of channel tape located between the r   ^^ lndicated a 

A modification was made on the gapping apparatus which incor^ 
po?a?ed a third tie rod between th>J£*PP£fc^

a
rods were fitted 

compound (Figure 59).  The J^ree equally P     ^ thQ 

%^^o%X"S£&  *aSÄ first channel tightly 
with a predetermined load. 

In previous trial wraps    th^.radial forces used^ere J00,   1000, 

rSspec^rrTheVape tenslon^mained at ,00 pounds. 

No problems were encountered during the dummv arbo^wrapp^n^of 
the first layer. The second layer    f^™'few lap3 over that 
Sred under the 2500 pound load on the first _ 
portion of the cylinder ^"ivalent to t    ^ portlon and 

Sen rn3crraSd1ot0
25rpoP d vr the ^XTÄrTlayer 

s»^SS *he stef x and 250°pounas 
on the titanium without  difficulties. 
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6.8 Wrapping Vessel No. 1 

Vessel No. 1 (Figures 60 and 6l) was wrapped, staked, and the 
mandrel successfully withdrawn. The force necessary to with- 
draw this mandrel was 10,000 pounds. This vessel appeared to 
be rigid and able to withstand handling despite the following 
condition: 

(a) A variation in outside diameters between the end 
adapters and the mandrel resulting in an adapter 
to mandrel step. Wrapping difficulties occurred 
in these zones on all three layers. It is felt 
that this situation caused a "saw-tooth" effect 
on the inside of the vessel when the mandrel was 
extracted. 

(b) The tape used (both "I" beam and channel) was 
slightly out of tolerance. 

(c) An incorrect "as-received" helix on the third layer 
increased the tendency of this tape to eject the 
staking pins.  This incorrect helix also caused the 
tape to form an "S" shaped curve coming off the 
wrapping reel.  This condition produces difficulty 
in attaining a tight loop-to-loop (side face) con- 
tact.  It was learned from these problems that the 
third layer (channel) must be wrapped during the 
tape manufacture process onto the drum with the 
legs facing inward. 

Wrapping of the first layer employed the proper shaped rollers 
loaded to 500 pounds radially with a tensile force on the tape 
of 200 pounds.  These rollers were free-tracking and were set 
at a retarding pitch of 0.190 inch; the wrapping pitch being 
0.200 inch.  The proper angular alignment (about its axis) of 
the terminal end-adapter was accomplished using a "Jo" block 
of a thickness equivalent to a multiple of the actual channel 
tape width.  A gain of .001 inch in width for each turn due to 
the compressive deformation of the tape was measured resulting 
in a cumulative total terminal loss of .043 inch for the com- 
plete first layer. No measurable space between turns was ob- 
served.  An "Indiac" concentricity measuring device showed 
maximum runout of 0.002 inch except in the adapter-to-mandrel 
transition areas where the step caused the instrument to run 
off scale. 

The second layer, rolled with wide, plain rollers, cracked 
under the imposition of the high (2500 pounds) radial force. 
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6.8 Wrapping Vessel No. 1 (Continued) 

A check of the end adapters revealed that the adapter section 
which fits into the groove of the "I" beam was wider than the 
tape groove and that sharp edges existed.  By breaking these 
edges, the interference fit was reduced and cracking elim- 
inated.  This second layer was removed and, using new tape 
(having the same cross-section), rewound under a radial force 
of 1350 pounds. 

The third layer (channel) also was confronted with the "step" 
problem.  In addition, the application of the high radial 
rolling force (2500 pounds) plastically deformed the tape thus 
increasing the basic width of the channel by .0014 inch.  The 
first few loops were unwound and the tape width reduced to 
0 200 inch by hand filing.  Pressure tests on subsequent wraps 
indicated that a gage setting of 45 psi (1300 pounds approxi- 
mately), applied radially, was the optimum non-deforming force 
permissible.  This setting was used to complete the wrapping 
of the third layer. 

6.9 Wrapping Vessel No. 2 

The first layer was successfully wrapped with a radial load of 
570 pounds and tensile load of approximately80 pounds. 

The second layer bottomed and locked with a radial load of 870 
pounds and a tensJle load of 80 pounds.  A radial load of 1000 
pounds caused distortion.  Towards the end of the second layer 
at the terminal point of the first layer, a space developed 
between the first layer and the end-adapter shoulder.  The 
staking pin for the first layer was removed, the adapter was 
rotated to close the space and wrapping of the second layer was 
completed.  The space could be caused by a .0002 compression of 
the channel tape in the interference fit.  The tape used in this 
vessel was not heat treated. 

The third layer required a 1200 pound radial load and a l80 
pound tensile load.  No difficulties were encountered until the 
channel reached the first groove on the end adapter, at which 
point it was displaced approximately .005 forward.  The last 
wrap had to be filed to fit. 

After completion of wrapping and staking, the collapsible arbor 
was removed on an arbor press with no difficulty.  The arbor 
extraction force was estimated at 5 tons. The inner tapers on 
the end adapters were machined to finish the vessel. 

-80- 



Wright Aeronautical Serial Report No. MP.00-224 

6.9 Wrapping Vessel No. 2 (Continued) 

The finished vessel was approximately .020" smaller in diameter 
at the center than at the ends with .004" total runout of the 
end faces.  The outer diameter remained smooth but the inner 
bore was slightly stepped in a manner resembling rifling.  This 
indicates that the interlock between the 1st and 2nd layer is 
incomplete. 

Generally, the wrapping was indicative of the feasibility of the 
technique.  Better results are expected with more accurately 
sized tape with the required strength and ductility. 

This vessel pressurized and leaked at 30 psig.  The leak was 
caused by a separation of the tapes at one end of the vessel. 
Since the separation occurred near the edge of the end adapter, 
it was surmised that the flaw was caused by a compression of 
the end adapter as the mandrel parts were being withdrawn. The 
tensile force on the tape during wrapping imposes a hoop stress 
which is transmitted to the end adapters and the mandrel as a 
radial compressive force.  As each portion of the mandrel is 
removed, the vessel contracts in that area.  The first portion 
removed is located under the adapter near the point of failure. 
However, a good interlock between the tape layers should hold 
the vessel intact until the remainder of the mandrel is with- 
drawn.  A modification on the mandrel could be made to permit 
a collapse prior to withdrawal. 

This separation was plugged by casting an inner and outer shell 
of a low melting alloy.  A second test was conducted which 
resulted in failure at 50 psig.  The vessel separated in the 
center section far from the end adapters.  The tape layers 
unwound easily indicating a lack of interlock. These sectional 
radii and the locking angles were enlarged and the 'I" beam 
was found to be twisted.  It appears that after wrapping when 
the mandrel was withdrawn, the wrapping stresses were relieved 
by contraction of the vessel.  The "I" beam twisted toward its 
free position (Figure 62) and a stagger "tooth effect" developed 
on both the O.D. and the I.D. of the vessel.  It is suspected 
that the tape layers were not bottomed and the interlock was 
insufficient to prevent twisting. 
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Tape Wrap Machine 

Figure k7 
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Wrapping  Apparatus  Close-Up 

Figure 48 
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Wrapping  Apparatus 

Figure ^9 
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Close Up of Roller on Channel Wire 

Figure 50 
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Three Layers Wrapped on Dummy Arbor 

Figure 51 
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Adapter Clamped to Arbor 

Figure 52 
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Support Tube 

Figure 53- 
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Mandrel Assembled 

Figure 5^ 
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Exploded View of Mandrel 

Figure 55 
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Mandrel Set on Lathe 

Figure 56 
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Reels 

Figure 57 
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Drag Brake 

Figure 58 
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Dummy Arbor 

Figure 59 
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Figure 60 
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Figure 6l 
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Wrap Vessel Specimen  Close-up 

Figure 62 
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RECORD OF ANALYSIS 
SHEET__^_OF SHEETS  ^^ 

RESULTS.   SKETCHES   a   FORMULAS 

/MC££#Ce -t2    73?    , o4o 

WRrmtN BY    /-J/2gjPV_ 

APPROVED BY  [P\!&r 

DATE. /Q-2Q-S<? 

/- »MWA/S      "XT'?09/f   JL*y£*    0M    t sr CWeLtJ9Y£K 

a 
&MP*£SS/0//   o/*   CHAA/MZA   ££*S    - ^^ Q/g6 *&%- &* % 

aMf/m*/* or   "r" #&?M SH#A/*T - rt08+£ofit*ßZ ~2'*4 'a 

S/A/Sf    TV?    "IT"?&>/'' SHrtA/tf    W*  riOA/e*97El>    z*49/£ 

rye TV mi  be/o/z/j/m//  ix/we m/s ww=> - f>46% 

f=t//zTH&f eioAvtsrTPfis er'jTt/£&)M sMArtr 



CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION <*V->r £-AJ 

RECORD OF ANALYSIS WR,TTEN BY^A^Z^V 
ENGINE NO. SHFFT     7     OF SHEETS   ^ *g APPROVED BY W&£ 

JOB NO.   SVT?^ nnTF     /Q-Z/-S1 

SUBJECT: 

RESULTS,   SKETCHES   ft   FORMULAS 

/?6/?/Msr   /9/vr   LOSS  or pefLo/iD   z></e   m T>ZES5;U/Z/Z#T7OM 

&A/cf  me rzessvee LOAD /;&&> /o/CffDZ THE 

/.jr-   *    .03/ *  ./J7?      *    ./069    />» 



CURTISS - WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION WRIGHT AERONAUTICAL DIVISION CMT^ 

RECORD OF ANALYSIS     —™ "-j^T^ 
ENGINE NO. SHEET_^_OF SHEETsJfcÄ- APPROVED BY V* g^.  

JOB NO.     i'"6 DATE f  

SUBJECT: ,A/77?*>Loca»f  M&Z u,p*tfv>*a> messet. 
-"" ZZZTTT^   CK-rTf-HFS   &   FORMULAS 

>g?>Lg?/    57Zg" 

RESULTS,   SKETCHES   ft   FORMULAS 

¥ see  rrjo„^es** /^** r^ßTfl) M&eme0^01$^^ 



CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION ^     Sffl FN 

RECORD OF ANALYSIS      ™ ^^^ZZZ 
ENGINE  NO. SHEET_J?_OF SHEETS^ZL APPROVED BY-LUÄ^.  

JOB NO.    S77?Z DATE       /^ "2/'"  

SUBJECT:   Msrrviocm/s   r'"c »«*»*»*  "**&*■ ■  
 ■ " RESULTS,   SKETCHES   &   FORMULAS 

^ me r" sew we   zoes   u^ *>™» <» «**** *"»fi 

,r   THE jr'tea»  J~ee Hem iff?   flee ">* 

T»er   ct-e&wv**     is     -ooo4 ///. 

„^„rc  xeweeA,   "jr-f^Hs    A* T»e    <MW£K  *>»« 

*   Mo****«*«*   «W    ^^     "   ***** *"*[ 



ENGINE  NO. 

CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION 

RECORD OF ANALYSIS      w™ 
fO     OF SHEETS   ^O - APPROVED BYLLi»2£a 

BY 
/. sea?» 

SHEET- 

JOB  NO 

SUBJECT: 

DATE. /ö >?/-& 

/A,T*eioc&M   wief ^&QP Vess& 
RESULTS,   SKETCHES   &   FORMULAS 

Attune?) {öAJrttvefiffoHS 

■SE—Vr-* a- 
i 

■/f72 
e 

U±±±L 
Ä   A 

^ 
«??*£-£ 

itt £ 



ENGINE NO. 

JOB NO.      SV"?6?'/: 

CURTISS-WRIGHT   CORPORATION 

WRIGHT AERONAUTICAL DIVISION S~££Z£7V 

RECORD OF ANALYSIS ™ "^—  
/^_OF SHEETS^*- APPROVED BY£/2ä*- SHEET- 

DATE. 
/0-22-& 

SUBJECT: 
iA*rrj>l*rJ<rM   ivf* <"™&>r/)    t//3T^A 

RESULTS,   SKETCHES   ft   FORMULAS 

- -r *-, r*^77^«»*^*a8se^äs-j* 

<rp^?o  I. - 2 

ki I-* 

, sv/qfj  ?■< 

^,4««,^^)+^      +   £^4  1^-0 

7,wsf?k -   <rrKGV6T*  or M#rwus 



CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION / ^^ 

RECORD. OF ANALYSIS ™ "^^~ 
 -^    /Z.   nc cuFFTS ^Z_ APPROVED BY»i-ai  ENGINE NO. SHEET_Ü^OF SHEETS-*?!*- APPROVED BY 

JOB NO.     57-79 2L DATE_^-^^"5 — 

SUBJECT: 

■ » "  ...  _—.       f>L/-p-r/~i_irc RESULTS,   SKETCHES   a   FORMULAS 

6#,4'    -       S-QOOX.Q2S3      -       .0/?** 

{-: 

   3 
t 

/3 
_ 3 

,«    *,^ar;-*  z^r-^Z) + *,£<»■*) * -ö*?4+ '-«7*-° 

4) ,0*7**2.      i- .2.4*4Hz  +-°™ "* 
OZS/*l     4.0***    +.0**~° 



ENGINE  NO. 

JOB NO.     SV "7 J *- 

SUBJECT: 

CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION 

RECORD OF ANALYSIS 
SHEET_^2__OF SHEETS_±0_ 

WRITTEN  BY      /• S£cZ-£_  

APPROVED BYU?%qr 

DATE. /o~2.-2-*9 

fr 

JJC  " RESULTS,   SKETCHES   &   FORMULAS 
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CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION CX7T/CA/ 

RECORD OF ANALYSIS      WR.TTEN BY    /-ilZZf/T 
ENGINE NO. SHFPT /j^ OF SHEETS ^5-        APPROVED BY ^foS" 

JOB NO. s/v^z nrTr    /£>- 22-^7 

RESULTS,   SKETCHES   &   FORMULAS 

"+ =     .0 7428Xo46&    -U&Sf 

.20Z7 

.OSO 

H/^M<*   / <*s* * /■ are*   ■=   /.^7<9<9     !»-&/*, 

£2 —— 



CURTISS-WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION ,        ygj £^/ 

RECORD OF ANALYSIS "R,™ "I^ZI 
ENGINE NO. SHEET_ÜLoF SHEETS^- APPROVED  BYiA2K2^  

JOB  NO.        S/7^2- DATE_Z^2J2_Z  

SUBJECT: 

-"*■ " »an T«.   SKETCHES   8c   FORM — LLt DC-CHIT«;     SKETCHES   8c   FORMULAS 

^ o7 _tf3-/-77?* *-**** 

& v   syrtMgmy      M* ~ ^3 

,£>   .c?8oM,   +.040 Mi   *   --03 

//*    --£>3    •*   -o4*/'S°7   -=     - ^«gS* 

^ 
p/S*s "*■ 

6*< . o/tt2- 



CURTISS -WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION 

ENGINE  NO. 

JOB NO.      S/7^2 

RECORD  OF ANALYSIS      WRITTEN BY   L S&T/FA/ 
SHEET_/»LoF SHEETS^E_ APPROVED  RV   \jl 6&> 

SUBJECT:   

 /A/r£i&oft//v6 wee W/^PPFT)   vesseu  
RESULTS,   SKETCHES   &   FORMULAS 

TT&J77/V6   THF  CMWMSJL  /9S  /? f7r£L>   SA/ö/TÖ   &£P}M       I#H£*JE 

/2 ' ^r  
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/4W£ 2/600   />?'   sw me e&vnrz     C^ss  -z &) 



CURTISS -WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVISION 

ENGINE NO. 

JOB NO.   5V"7«9Z 

SUBJECT 

RECORD OF ANALYSIS      WR,TTEN BY l'^ 
SHEET_/?_OF SHEETS   ^O APPROVED  BY^dBR  

nATE, /<?-23 -"*"*? 

RESULTS,   SKETCHES   a   FORMULAS 
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wer/      x 



ENGINE NO.  Wi'fff  Wrap   Mefe*- 

JOBNO.    S/192 

SUBJECT: peme ^dcrprsj- jj-re^e*. 

CUrtTI»S - WRIGHT   CORPORAT"*N 
WRIGHT AERONAUTICAL DIVU.     >l 

RECORD OF ANALYSIS 
SHFF-T /3    QF SHEETS  ^P 

WRITTEN wt _&JZoA£ie&hf- 

APPROVED BY (P <?&■  

DATE 7.//&l<*Q  

RESULT»,   SKETCHES   ft  FORMULAS 
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ENGINE NO. W/fe    Vi/Hjp    Mo+Or 

JOB NO.     ,5/7^2 

CURTISS - WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVl{^ )l 

RECORD OF ANALYSIS 
SHEET_^2_OF SHEETS. 

SUBJECT: Tf'o/ f' £rrcf    iolvhoKI    &r    "A 

m 
RESULTS,   SKETCHES  &  FORMULAS 

_/ yv 4.sl.*,o:'J -  .ff}*'* -4 

WRITTEN BY     £>• forfWI k*f 

APPROVED BY    IM ^^T  

DATE a//^/fr<?  
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ENGINE NO. Wire Wrap Motor 

JOB NO.   5/792 
SUBJECT: DOHlC    J<iop**r  s+t**l 

CURTISS - WRIGHT   CORPORAT"M* 
WRIGHT AERONAUTICAL OlVli,     > 

RECORD OF ANALYSIS 
SHFFT   '&    OF SHEETS 2S2 

WRITTEN BY J>< *V»rtPH/3 fy 

APPROVED BY     It) W&*  

DATE z/_L0/a£  

RESULTS,   SKETCHES   ft   FORMULAS 

72>/erv>7c~s.   conJ'1-ion    v/ien   -trice» i   u j;pp*J.» 
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CURTISS-WRIGHT   CORPORA"r~>N 
WRIGHT AERONAUTICAL DIVk       N 

ENGINE NO. 

JOB NO.   SV79'2. 

SUBJECT: Wire    M/ropped  Motor 

RECORD OF ANALYSIS      WRITTEN ^-^<^f^r 
SHEET_*?L_OF SHEETS ^^        APPROVED BY W> Q. &'  

DATE. ?./,*/6.Q 

RESULTS,   SKETCHES   ft   FORMULAS 
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ENGINE NO. 

JOB NO.   5V /VZ 

SUBJECT: Vjire Whipped   /^farfff 

CURTISS-WRIGHT  CORPORA""->N 
WRIGHT AERONAUTICAL DIVt       *t 

RECORD OF ANALYSIS 
SHEET_^~_OF SHEETS    ^3 

e^s*   ^et'A -M   e/are  wire 
RESULTS,   SKETCHES   ft   FORMULAS 

WRITTEN BY  I>, KanOH/SKf 

APPROVED BY lPfr^r*  

DATE F./i#j<*Q  
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.fi^/V * 
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o.    Astute    P~   40,060        y   
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ENGINE NO. Wire Wrap 

JOB NO.   5"/7<9Z 

SUBJECT: fiTot.ee      ,.& p ^   J0   p/e,ce    „ir 

CURTISS - WRIGHT  CORPORATION 
WRIGHT AERONAUTICAL DIVll      N 

RECORD OF ANALYSIS 
SHEET %£   OF SHEETS-^" 

WRITTEN BY &■ *<ßnpWjky 

APPROVED BY \P I O > Of i— 

DATE w/sä/W  

RESULTS,   SKETCHES   &   FORMULAS 
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P~ ./x zs~ooo 

9ff/Y f=>=  ZS<0 O J 



CURTISS - WRIGHT   CORPORATION 
WRIGHT AERONAUTICAL DIVIi      M 

RECORD OF ANALYSIS 
SHEET^£_OF SHEETS  ^X ENGINE NO. W//~e H/rop 

JOB NO.   SV79Z 

SUBJECT: /Q^na I      Pull     £>r   H/rvpp>nj      vV,ns 

WRITTEN BY    P   XOffGH/JUf 

APPROVED BY   U^feG  

DATE 3/*Ac>  

RESULTS,   SKETCHES   ft   FORMULAS 
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ENGINE NO.   uJ/re   ü/rap 

JOB NO.   S/T92. 
SUBJECT: j/,ü I     M    &      VreppWf     V'' * ? 

CURTISS - WRIGHT  CORPORATION 
WRIGHT AERONAUTICAL DIVU     ß 

RECORD OF ANALYSIS 
SHEET_?E_OF SHEETS  ^B 

WRITTEN BY A AfrttPtVS ^V 

APPROVED BY     IjSQG  

DATE V) 7/\o  

O n K>.--7p pi**}        uutr^ 

2>Vrr>  be // 

RESULTS.   SKETCHES   *  FORMULAS 
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CURTISS - WRIGHT  CORPORA""—>N 
WRIGHT AERONAUTICAL Divi   ; JH 

RECORD OF ANALYSIS 
SHEET_äZ_OF SHEETS   g? 

ENGINE NO. li//re  u/rap 

JOB NO.   SV79Z 

SUBJECT: jEhcJ   TOA>er   an   Done   Adapter  P/GC<? 

WRITTEN BY     P^9nQl^3KW 

APPROVED WijAS&H  

DATE. ?/y/jg 

RESULTS,   SKETCHES  ft  FORMULAS 
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CURTISS-WRIGHT   CORPORAT">N 
WRIGHT AERONAUTICAL DIVli.      M 

RECORD OF ANALYSIS 
«SHPFT  ^SOF SHEETS   ^% ENGINE NO.   ^///-f    lA/tap 

JOB NO. S/7^2 

SUBJECT: ^^Z Taper on   Done  Adapter    P/ece 

WRITTEN BY     P   KQnat*>5 «f 

APPROVED BY   t0&&*  

DATE. 3/fA %£_ 

RESULT?,   SKETCHES   ft   FORMULAS 
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Wright Aeronautical Serial Report No. MP.00-224 

APPENDIX II 

STRUCTURAL RIG TESTING PROCEDURE 

1. Instrument the specimen as shown in Figure 16 and check. 

2. Balance all gages.  Take a zero and a calibration reading. 

3. A combination of three loads is to be applied to the 
specimen for each reading of strain values.  These are 
the tensile, the longitudinal clamping load from the 
torquing of the two 7/8 in. side bolts, and the transverse 
clamping load induced by torquing the two 1/4 in. top bolts, 
For each combination of pull load and transverse clamping 
load, three longitudinal clamping loads are applied. 

A typical cycle in applying the loads is as follows: 

(a) Torque 1/4 in. transverse clamping bolts to 4 in. 
lbs.  Apply 4,650 lbs. tensile load to specimen 
and record strain readings. Release the load. 

(b) Using the same transverse clamping load as in 
step (a), apply 489 in. lbs. torque on the 7/8 in. 
longitudinal clamping bolts.  Apply the same load 
as in step (a) and record the strain readings. 
Release the load, (c) repeat step (c) using 586 in. 
lbs. torque on the 7/8 in. longitudinal clamping 
bolts. 

4. Tabulation of the test loads and the order of their 
application are as follows: 
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Longitudinal 
Clamping 
Load (lbs.) 

2360 
2950 
3540 

3930 
4910 
5880 

5490 
6860 
8230 

'a) 7050 
>b) 8840 
'c) 10600 

8650 
10800 
12820 

10250 
12750 
15400 

Equiv. 
(Approx.) 
7/8 in 
Bolt 
Torque 
(in.lbs.) 

391 
489 
486 

651 
813 
974 

909 
1136 
1363 

H67 
1464 
1755 

1432 
1799 
2123 

1697 
2111 
2550 

Tensile 
Load 
(lbs.) 

4,650 

7,750 

10,850 

13,950 

17,050 

20,150 

Trans. 
Clamp 
Load 
(lbs.) 

81 

135 

189 

243 

297 

351 

Equiv. 
(Approx.) 
1/4 in 
Bolt 
Torque 
(in.lbs.) 

11 

14 

16 
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APPENDIX III 

B120VCA TITANIUM WIRE SPECIFICATION 

1    ACKNOWLEDGEMENT:  Vendor shall mention the specification 
number and its revision letter in all quotations and when 
acknowledging purchasing orders. 

2. FORM:  Coils of wire. 

3. COMPOSITION: CHECK ANALYSIS 
Under Min. or Over Max, 

Vanadium 12.5-14.5 0.15 0.15 
Chromium 10.00-12.00 0.15 0.15 
Aluminum 3.0-4.0 0.40 0.40 
Oxygen 0.15-Max. - - 
Carbon 0.06-Max. - O.U£ 
Nitrogren 0.05-Max.         - o.o^ 
Hydrogen 0.0100-Max.       - .uui 
Other Elements 0.060-Max.        - - 
Iron 0.35-Max.        - 0.05 
Titanium balance 

4. CONDITION: 

4.1 Uniformly solution annealed after final draw. 

4.2 Material shall be free from all surface and sub-surface 
defects. 

4.3 No surface contamination or oxide film. 

4.4 Wire shall be coil ground before final draw. 

4 5  Wire shall contain no seams, nicks, kinks, bends, breaks, 
burrs, scratches, or marks due to grinding or drawing. 

4 6  Wire surface must be clean and contain no foreign 
materials and imperfections which may adversely affect 
the processing or quality of finished articles. 
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TOIBMHOBS,  unless otherwise specified, tolerances 
Sail conform to the following: 

Tolerances, Inch 

Diameter Nominal Inch     Plus     Minus 

7. 

8. 

9. 

10. 

.130 -   .200 
.   .130 o.ooo   0.0005 

0.120 

0.001 0.001 

0.000 0.000! 

0.0005       0.0005 

6. TENSILE  PROPERTIES: 
*-u    r,cH 1^0.000 min. Tensile  strength,  psi x^,v 

Reduction in area,  % d? 

KEPORTS:    Unless otherwise,  specifiec,    t*, vendor of^ 
shall furnish "ith each shipment tn oaltlon and 

^?rrLf specScafion^numterri-,  and Guantity. 

PACKAGING:     Pactogir«  shall he accomplished i^such^ 

rt^e^wfll^eTroteftefagfinst mechanical injury. 

such approval he waived, 

rejection. 
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