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INTRODUCTION

This is the final report for NASA-Langley Grant # NSG 1531.

This report is divided into four parts:

Part 1 -

Part 2 -

Part 3 -

Part 4 -

The

Mechanical Property Degradation and Chemical Interactions
in a Borsic/Titanium Composite.

interfacial Ceatings for S$iC/Ti Composites

Solutions for Diffusion in Single-, Two-, and Three-
Phase Binary Alloy Systems.

Moisture Effects on Graphite/Polyimide Composites.

first two parts. deal with the development of titanium

matrix composites for elevated temperature applications. Part 3

represents progress toward the ultimate goal of treating inter-

actions in multiphase multicomponent systems. Part 4 represents

the progress in support of NASA's CASTS program.

The

research in this grant resulted in several publications.

These are listed in the References Seétion.



PART 1 - MECHANICAL PROPERTY DEGRADATION AND CHEMICAL
INTERACTIONS IN A BORSIC/TITANIUM COMPOSITE

OBJECTIVE

Titanium-alloy matrix composites have the potential for high
specific strength and stiffness in high temperature applications.
These fiber-reinforced materials have unique properties which make
them attractive for such applications as advanced engine compon-
ents and a variety of aerospace structural components. However,
the use of titanium composites has been limited because of poor
as~fabricated properties and/or degradation of mechanic;l pro-
perties in high-temperature environments because of fiber/matrix
interface interactions. The objective of this study is to
identify the mechanisms of mechanical property degradation in a
Borsic (boron coated with silicon carbide) fiber reinforced Ti-

3Al-2.5V composite exposed to elevated temperatures.
APPROACH

Samples containing 0.45 volume fraction of fibers were
exposed, in vacuum, to temperatures from 700 K to 1255 K for times
up to 240 hours. Room temperature tensile properties of uni-
directional material were determined in both the longitudinal and
transéerse directions, before and after high-temperature exposure.
Electron microprobe analysis, scanning electron microscopy, and
X-ray diffraction were used to determine the compounds formed
and the extent of interaction between the boron, SiC coating, and
matrix materials. The results of this study are summarized below,

and the details are presented in reference 1.
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RESULTS AND DISCUSSION

High temperature exposure had no effect on the longitudinal
modulus of the composite whereas the transverse modulus for the
thermally exposed. specimens was about 20 percent greater than that
for the as—fabricated specimens. The strength of the composite did
not depend to any great extent on the exposure time for temperatures
of 922 K or less, but was degraded significantly by the longer
-exposure times at. temperatures of 1033 K and greater. For all expos=—
ure times, the strength after exposures at 811 K and 922 K was greatéf
than that after 700 K exposures., No guantitative correlation between
strength and reaction-zone thickness was found.

Electron microprobe, X-ray diffraction, and reaction-zone thick-
ness data suggest a two-stage reaction process. The first stage
consisted of the simultaneous interdiffusion of the Si, C, and Ti
resulting in the depletion of the $iC coating and formation of
titanium silicides (Ti.Si,, TiSi, Tisi

5Sigy 2). The second stage resulted

in significant titanium boride (TiB, TiB.,; Ti3B4) formation as well

The strength of the compos-—

2
as a higher rate of formation of TiSiz.
ite was degraded before the formation of any identifiable bhoride
compounds. The aluminum in the matrix did not take part in the

reactions and was rejected from the reaction region, whereas the

vanadium remained throughout the reaction zone.

PUBLICATIONS AND TALKS

The research on this study resulted in the following publication:
Mechanical Property Degradation and Chemical Interactions in a Borsic/
Titanium Composite, Proceedings of the 24th Naticnal SAMPE Symposium

and Exhibition, San Fransisco, CA., 1979.
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PART 2 -~ INTERFACIAL COATINGS FOR SiC/Ti COMPOSITES
OBJECTIVE

The concept of interfacial coatings, to provide reduced
chemical interaction between the SiC fiber and titanium matrix,
is the subject of this study. The objectives are: (1) to
investigage the effectiveness of interfacial coatings, in reducing
the reactivity between fiber and matrix, (2) to identify the’
intermetallic compounds responsible for the degradation of the-
as-fabricated and heat-treated composite mechanical properties,
(3) to determine any modification of the reaction zone compounds
in the composites with interfacial coatings compared to the
uncoated titanium alloys, (4) to provide a mechanical and chemical
characterization of the SiC fiber for a better understanding of

its role in the degradation of the composite mechanical properties.
APPROACH

The interfacial coatings selected for examination were
aluminum, molybdenum and vanadium. These coatings were chosen
because they were constituents of the alpha-beta alloy, Ti (6AL%-4V),
and certain beta alloys of titanium, which are known to have
reducéd reactivity with SiC compared to unalloyed titanium. The
interfacial coatings were radio frequency (RF) sputtered onto
Ti (A55) sheets and diffusionrbonded (by DWA,Composite Specialties
in Chatsworth, CA) into unidirectional, SiC reinforced composite,
panels. Additional panels of $iC reinforced Ti(6A%-4V), Ti(3A%-

2.5V) and Ti(A55}), with no interfacial ceocatings, were fabricated

4



(by TRW Incorported in Cleveland, OH) to provide a comparative
evaluation of the mechanical properties, reaction compounds and
reaction zone thicknesses with the coated composite systems.
The results of this study form the basis of Mr. Larry House's
M.S. Thesis (ref. 2). The author of this report, Dr. Unnam,

worked closely with Mr. House on this study.

RESULTS AND DISCUSSION

An interest in SiC reinforced titanium composites has been
generated by the strength loss at elevated temperatures (near
lOOOoF) of boron and Rorsic fibers, and a need for stronger
matrices with higher temperatufe capabilities (up to 1400°¥%)
than can be provided by aluminum and resin matrix composites.
Also, the reactlon kinetics are reported to be slower for the
SiC/Ti system than for B/Ti, thereby reducing the deleterious
effects associated with fiber-matrix interaction. However, the
poor as-fabricated mechanical properties of the SiC/Ti composites
have precluded extensive utilization of this composité system.
The best results were achieved with S$iC/Ti (6A%-4V) system which
yielded only 75% of the rule-of-mixture fracture strength.

The degradation of the tensile strength is largely due to
the férmation of a brittle phase boundary at the fiber/matrix
interface. The strength loss is attributed to the stress
intensification caused by defects or cracks that develop because
of the low strengths and strain-to-failure of the reaction

compounds.



Two, crucial, technical issues determining the utility of
the SiC-Ti composites remain to be resolved. These are: (1)
whether the fiber-matrix reaction kinetics during fabrication can
be sufficiently reduced to prevent forming a reaction zone thick-
ness greater than the critical thickness, and (2) if so, whether
the composite degradation at the expected service temperature
will be small.

Although the chemical EOmpatibility between SiC and Ti has
not proven satisfactory, several approaches to reducé the fiber-
matrix reaction have been suggested in the literature. Among
these were: (1) optimization of the consolidation process,

(2) development of a low-reactivity matrix, (3) development of
protective interfacial coatings. The first two approaches have
been given considerable attention with only limited success. The
development of protective interfacial coatings is the approach

taken in this study.

Reaction Zone Thicknesses:

A comparison of reaction zone thicknesses for each composite
system, after the 1600 and 1800°F exposures, is shown in figure 1.
The réaction zone thicknesses of the SiC-Ti (A55) /AL, SiC-Ti (3AfL-
2.5V) and SiC-Ti(6A%-4V), after the 1600°F-25 houx exposure, were
comparable. However, the composites with molybdenum and vanadium
interfacial coatings have reaction thicknesses, after the lGOOOF
exposure, comparable to the thicknesses in the 1800°F exposed SiC-

Ti (32a2-2.5V) and'SiC—Ti(6A£-4V) specimens. 1Indeed, the composites
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Figure 1. A comparison of the reaction zone thicknesses for the various
composite systems after the 25 hour exposure at 1600 and 18000F.
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with molybdenum and vanadium ccatings appear to have reacted, at
1600°F, more extensively than the composites with the uncoated Ti
(A55) matrix. After the 1800°F exposure, all the DWA composites,
with and without interfacial coatings, had similar reaction zone
thicknesses. This should be expected because the homogenization
of the coatings throughout the matrix leaves an insufficient
amount of the coating to affect the fiber-matrix reaction. The
larger reaction zone thickness for the 1800°F exposed (DWA) SiC-
Ti (A55) specimen, compared to the (TRW) SiC-(A55) composite, was
due to larger TiC precipitates in the outer boundary of the
reaction zone in the DWA specimen.

The reaction zone thickness data for the 1600°F exposure
suggest that a binary Ti-Af alloy matrix may be less reactive
than the Ti (3A2-2.5V) and Ti (6A2-4V) matrices. This conclusion
is made in view of the enhanced reactivity of the V coated com-
posite, and the considerably reduced reactivity provided by the

AL coating.

Tdentification of Reaction Products:

To identify the compounds formed in the fiber-matrix reaction
zone, X-ray diffraction analyses of the as-fabricated and thermal-
ly exposed DWA and TRW composites were performed. DWA composite
samples were of SiC fiber reinforced Ti (A55) and also composites
of Az, Mo and V coated Ti (A55). The TRW composites were of SiC
fiber reinforced Ti (A55), Ti (3A2-2.5V) and Ti (6Ae-4V). The
experimental apparatus consisted of a Siemens diffractometer with

a high intensity, fine focus, copper tube. The specimens were
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rotated about the ¢ axis to reduce fluctuations in intensity
which may result, due to the presence of large grains and texture
within the sample. The data were collected using a diffracted
beam graphite monochromator. The monochromator improved the
peak-to-background ratios by minimizing contributions to the
background from continuous radiation as well as fluorescence from
the Ti-base substrate. Survey scans of 28 were made at 1° per
minute and slow scans were made at 1/4° per minute,

The samples were ground using 600 grit paper to uniformly
expose the filaments. They were then fine-polished on a lapping
wheel using 1 micron and 0.3 micron alumina powder. In order to
get a meaningful comparison in a semiquantitative analysis, the
samples were ground to expose about 337 area fractiom of filament
in all cases. This procedure maximized the effective volume of
the reaction zone so that small amounts of transformation about
the interface could be observed with X-ray diffraction.

DWA composite samples in the as-received condition as well
as those exposed to 1600°F and 1800°F for 25 hours each were
examined to determine the wvarious phases at each temperature.

The results are presented in Tables 1 through 12. The 2¢ values
denoted by an asterisk represent unidentified reflections which
were’of low intensity. The intensity for each reflection was
determined by integrating the area under the. corresponding peak,
using a small grid technique.

The as-fabricated composite gave diffraction lines from
0-Ti, g-SiC and TiC. Although a few weak reflections appeared

due to Ti58i3, the presence of Ti5813 phase, in general, in the

9.



Teble 1. - Experimental d-spacings and intensities for phases identified
‘ in as-fsbricated SiC-Ti{AS55)

26 a Intensity a-8iC | 8-8iC | o~Ti p TiC | Ti_Si
{(arbitrary wnits) 573
3k.02 | 2.6330 300 (227)
35.61 ) 2.5190 9,000 (111) {(o10) {(111) | (002)
38.31{ 2.347h 615 {002)
40.11{ 2.2461 | 830 (o11)
41,06 | 2.1963 T5 (211)
hi.h6 | 2.1761 75 (200)
k1,96 | 2.1513 50 (200) {(300)
52.86 | 1.7305 325 (012)
#59.01 ] 1.5639 75
60.0L | 1.5403 970 (220)
60.76 | 1.5230 12k (220)
62.86 | 1.4771 16k (110)
70.46 | 1.3352 600 (103)
T1.81 | 1.313% 856 (311) ’
72.61 | 1.3009 81 ) (113)
75.46 | 1.2587 338 {222) (222)
75.98 | 1.251k 313 (112)
T7.211 1.2344 100 (201)
82.16 | 1.1722 36 (0oL}
86.56 1 1.1235 23 (202}
92.46 | 1.0666 75 (o1k)
100.06 | 1.0050 20 : (331)
"100.81 | .99958 162 (331)
102.21 | .98966 150 (203)
*¥10k.11 1 .97672 88
104. 72| .97276 81 (k20)
108.96 | .9k635 75 (211)
114.0L | .91836 188 (11k)
119.61 1 .89116 198 (hoz) | (212)
121.06 | .88L72 119 (224)
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Table 1. - Continued

28 a Intensity a-Sic | B-SiC |a-Ti | TiC T15313
(arbitrary units)
121.861 .88126 ol (015)
126.11] .86Lok 32 (204)
133.46] .838Ls 725 (333,
511)
138.96] .82243 150 213)
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Table 2. - Experimental d-spacings and intensities for phases identified
in 1600°F-25 hour exposed SiC-Ti{A455)

26 d Intensity e-8iC¢ | B-8iC | ¢-Ti |TiC Ti_S5i
(axrbitrary units) >3
34.06| 2.6300 150 (2272)
35.61| 2.5190 8,500 (111) | (010) | (111) | (o02)
36.91} 2.4331 87 (210}
38.18| 2.3551 650 (002)
40,21} 2.2461 910 (011)
40.96| 2.2015 164 (211)
41.86| 2.1562 145 (200) (200) | (300}
ho.661 2.1190 32 {112)
52.81| 1.7320 350 (012)
60.06 | 1.5391 660 {220)
60.66 | 1.5253 127 (220)
61.41 | 1.508L 75 (222)
62.86 1.4771 262 (110)
70.26 | 1.3386 600 (103)
T1.81( 1.313% 5Tk | (311)
72,56 ] 1.301T 101 (113)
75.36 | 1.2601 191 (222) (222)
75.86 | 1.2531 210 (112)
17.16{ 1.2351 117 (201)
86.62 | 1.1229 25 (202)
92.31| 1.0680 71 (o1k4)
100.46 | 1.0023 68 (331)
10l.k2§ .g99522 50 {331)
102.01] .99105 252 (203)
104.32| .9753% 86 (k20)
106.00| .96kks 20 (22?)
108.81) .9h723 75 (211)
113.56| .92072 125 (11h4)
119.61| .89116 172 (ko) | (212}
120.61| .88669 108 (224)
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Table 2. - Conbinued

26 d Intensity 0-8iC{ B-siC |o-Ti |mic | Ti_si
{arbitrary units) 573
121.46] .88298 175 {015)
#122.51| .87850 20 '
133.41] .83861 318 (333,
138.86] .82270 100 511) (213}

13




Table 3. ~ Experimental d-spacings and intensities for phases identified
in 1800°F - 25 hour exposed SiC-Ti(AS5)

28 a Intensity 0-8iC | PB-SiC{ q-Ti | TiC Ti_Si
(arbitrary units) 573

34,16 2.6225 160 (227)
35.61] 2.5190 11,250 . (111){ (010} (111)} (002)
36.91{ 2.4331 163 (210}
37.531 2.39k4 79 (102)
38.41{ 2.3k15 810 (002)
40.11} 2.2461 1,557 {011)
%0.93} 2.2030 290 ’ (211)
hi.93! 2.1527 575 (200) {200) | (300}
k2,631 2.1190 215 (112)
53.03] 1.7253 | . 188 (012)

#59.211{ 1.5591 50
60.21| 1.5356 470 (220)
60.78| 1.5230 302 (220)
61.41] 1.4656 75 (222)
63.01| 1.4953 250 (110)
65.56( 1.hk227 32 (321)
66.5L| 1.khok6 100 {410)

) (213)

68.61| 1.3666 50 (ko2)
70.71] 1.3312 275 (103)
71.83] 1.3131 450 (311)
T2.76| 1.2986 150 ' (113)

“75.46| 1.2587 288 (222) (222)
76.26| 1.2L475 340 (112)
77.36] 1.2325 127 (201)
82.36} 1.1698 20 (oobk)
83.86| 1.1527 20 " (502)
86.81 1.1209 36 (202)
92.86| 1.0631 52 (o1k)
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Table 3. - Continued

28 a Intensity ¢-8iC | B-SiC | a-Ti | TiC Tig8i
(arbitrary units)

100.22{ 1.0039 4o (331)
100.66} 1.0007 89 (331)

102.51| .98827 275 (203)

10k.36] .97507 200 (k20)

106.26] .96281 138 (227)

109.06] .9L4s576 125 (211)

11k.46] .9160L 112 (114)

119.86| .89003 156 (k22) | (212)

121.06| .88h72 100 (22k)
#122.411 .87893 200

133.36| .83876 325 (333,

511)
139.56| .82083 110 (213)

15




Table 4. - Experimental d-spacings and intensities for phases identified

in as-fabricated SiC-Pi(Aa55)/a1 .

20 d Intensity 0-8iC| B~-SiC| o-Ti | TiC Pi_Si
{arbitrary units) >3
3k.01| 2.6337 250 (297)
35.61} 2.5190 11,400 (111){ (o10)} (i11) (o02)
38.08| 2.3611 860 (002)
Lo.05| 2.2493 2,200 (011)
40.82| 2.2087 50 (211)
hi.h2| 2,1781 100 (200)
41.86} 2.1562 25 (200) (300)
52.811 1.7320 219 (012)
#59.211 1.5591 50
60.06{ 1.5391 813 (220)
60.56| 1.5276 253 (220)
62.8L| 1.4872 210 (110)
T0.41{ 1.3361 550 (103)
T1.76| 1.31k2 958 (311)
72.31| 1.3055 171 (113)
75.68) 1.2556 601 (222) (222}
76.26| 1.2L75 108 (112)
77.16( 1.2351 155 (201)
86.56| 1.1235 b1 (202)
92.41] 1.0671 47 (o1k)
99.61| 1.0083 20 (331)
101.06] .99778 270 (331)
102.01| .99105 310 (203)
1ok, 48| .9TheT Lot (k20)
105.81 .96566 T (277)
|108.86| .okéoL 121 (211)
113.98] .91862 143 (114)
119.66| .80093 226 (ha2)| (212}
120.61| .88669 238 (22h)
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Table 4 . - Continued
20 d Intensity 0-8iC{ B-SiC|a-Ti | TiC | TigSi,
(arbitrary units)
121.81] .88148 ok (015)
133.47| .83842 608 (333,
511)
138.81 [ .82283 156 (213)

17




Table 5. -~ Experimental d-spacings and initensilies for phases
identified in 1600°F-25 hour exposed SiC-Ti{A55)/Al

26 a Intensity a-8iC | B-8iC {o-Ti | TiC TigSig
(arbitrary units)
34,16 | 2.6225 150 (222)
35.58 ] 2.5210 10,950 (111) { (010)} (111}| (o002)
36.76 | 2. k428 172 (210)
38.14 | 2.3575 972 . (002)
40.00 | 2.2521 3,435 (011}
40.88 | 2.2056 178 (211)
k1.88 | 2.1552 216 (200) (200)| (300)
42,56 | 2.1223 82 (112)
52.72 [ 1.7348 h70 (012)
¥59.31 | 1.5567 70
60.06 | 1.5391 58) (220)
60.61| 1.5265 187 (220)
62.85 | 1.4773 277 (110)
70.26 | 1.3386 k55 . (103)
71.811] 1.3135 545 ' (311)
72.41 | 1.30k0 120 (113)
75.46 | 1.2587 308 (222) (222)
75.91 | 1.2523 310 (112)
T7.21} 1.2345 108 (201)
86.48 1 1.12hk T1 (202)
92.21 | 1.0689 110 (01k)
100.06 | 1.0050 25 . ) (331)
‘1101.02{ .99807 110 {331}
101.91{ .991T5 iky (203)
1oL, bh [ Lg7hsh 250 (420}
106.06{ .96k08 gk (727)
108.86| .gké9k 116 {211)
113.64 | .92029 209 (114}
119.61 | .89116 152 (h22){ (212)

18




Table 5. - Continued

28 a Intensity a-SiC B-sic a-Ti | TiC TigSi,
(arbitrary units)
120.68| .88638 128 (22h)
121.5%{ .882T7 13k (0135)
Ho2. 06| 87956 50
125.66] .86578 Lo (204}
133.38] .83870 hoo (333,
511)
136.51] .82925 50 (115)
138.71 . 82311 200 ' (213)




Table 6 . — Experimental d-spacings and intensities for phases

identified in 1800°F-25 hour exposed SiC-Ti(A55)/A1

20

Intensity

a-31iC

B-8icC

o-~-Ti

TiC

Ti 51

(arbitrary wnits) >3
33.92{ 2.6481 302 (277}
35.72( 2.5115 21,750 (111) | (c20)| (111)] {(o002)
36.78| 2.Lk1s bk (210)
37.58{ 2.3913 226 (102)
38.48[ 2.337h 230 (002)
Lo.18} 2.242L 1,800 (011)
ko.92| 2.2035 298 (211)
L1.98] 2.1503 512 (200} (200)] (300)
Lo 681 2.1166 190 (112}
53.06{ 1.72L4k 322 {012)
#58,72] 1.5710 165
60.12} 1.5377 1,050 {220)
60.72| 1.5239 680 (220)
$1.32} 1.5105 120 (222)
#61.721 1.5016 12k
63.02 1.4737 622 (110)
65.72| 1.b4196 2k (321)
66.52( 1.hobk 90 (L10)
{213)
68.68| 1.365h4 L (Lo2)
70.82} 1.3293 L7 (103)
T1.87| 1.312k 1,k25 (311)
“72.78] 1.2983 120 (113)
73.22| 1.2916 1L5 (500)
, (ook)
75.52{ 1.2578 670 (222} (222)
76.38| 1.2b458 245 (112)
T7-42{ 1.2317 129 (201)

20




Table 6. ~ Continued
28 d Ir.ltensity o-SiC B-SiC { o-~Ti |[TiC T:'Lssi3
{arbitrary units)
83.92 {1.1520 Lo (502)
86.80 |1.1210 k0 (202) '
88.82 [1.1007 20 (304)
90.20 {1.087h4 153 {00)
1#91.50 [1.0753 153
¥93.02 |1.0617 6h
99.32 |1.0105 121 (331)
101.32 | .99593 T67 (331)
102.52 | .98751 481 (203)
10k.52 | .97hOL 136 {bo2)
106.32 | .962uk 260 (?222)
109.12 | .glhshy LT (211)
114,72 | 91470 196 (11%)
119.02 | .89385 230 {h20) {(212)
120.32 | .88798 Th2 {224)
No2.u2 | .87889 336 ‘ '
125.h2 | .BGET2 LY (204 )
133.52 | .83826 1,528 (333,
511)
136.72 | .82865 1k (115)
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Table 7 . -~ Experimentsl d-spacings and intensities for phases
identified in as~fabricated SiC-Ti(A55)/Mo

26 a Irlltensity ) 0=-8iC | B-SiC |o-Ti | TiC 'I')'.SS:T.3
(arbitrary units)
34.06 | 2.6300 130 (227?)
35.61| 2.5190 12,480 (111) | (010} | (221} | (002)
36.86 ) 2.436k 120 (210)
38.31| 2.3k47h 2,210 (002}
#38.81] 2.3183 150
ko.131 2.2450 3,750 (011)
h0.96 | 2.2015 50 (211)
h1.36| 2.1811 25 (200)
41.86} 2.1562 25 (200) {300}
52.86 1.7305 611 (012)
60.01| 1.5402 295 {220)
60.56} 1.5276 125 {220)
62.861{ 1.4771 182 (110)
70.48] 1.33L9 778 (103)
TL.86 | 1.3126 45k (311)
T2.561 1.3032 116 (113)
75.481 1.2584 177 (222) (222)
76.01] 1.2509 b1 (112)
77.28) 1.2335 k3 (201)
§1.98{ 1.1743 113 (00k)
86.56| 1.1235 43 (202)
1 92.46{ 1.0666 75 (o1k)
100.16{ 1.0043 25 (331)
100.86| .99522 92 (331)
102.18( .98986 269 (203)
10k.43] .9T7460 5k (420}
105.16{ .9698L k6 (727}
108.961 .9h63k 116 (211)
114.01| .91836 278 (11L)
119.36{ .89230 132 (422)| (212)
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Table 7. - Continued
28 a Intensity 0~SiC | B-SiC |o~Ti | TiC TigSi,
{arbitrary units)

120.41 | .88758 11k (221)

121.81] .881k8 4188 (015}

133.46 | .83845 373 (333,
511)

139.16 | .82190 189 (213)
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Table 8. - BExperimental d-spacings and intensities for phases
identified in 1600°F-25 hour exposed SiC-~-Ti(A55)/Mo

20 a Intensity a-8iC | B-SiC |a-Ti |TiC | Ti_Si
(arbirtrary units) >3
33.92 | 2.6k05 100 (2272)
35.61 | 2.5190 13,140 (111) |{o10) |(111) | (002)
36.76 | 2.4428 416 ' (210)
38.41 | 2.3415 64T (002) '
40.16 | 2.2435 930 (011)
40.91 | 2.20k0 216 (211)
b1.91 | 2.1537 226 (200) (200) | (300)
42.61 | 2.1199 53 _ (112)
53.01 | L.725% 225 [ (012)
#59.49 | 1.5529 50
60.13 | 1.537h 2,812 . (200)
60.56 | 1.5276 750 (220)
*¥62.01 | 1.4953 120
62.96 [ 1.4750 372 (110)
70.76 | 1.3303 540 (103)
71.91 {1.3118 1,425 (311)
72.51 | 1.3024 376 (113)
75.56 {1.2573 562 . (222) (222)
76.11 { 1.2495 386 (112)
77.36 | 1.2325 177 (201)
82.11 |1.1727 60 (o0k)
86.81 |1.1209 g (202)
90.12 | 1.0882 84 (Loo)
*91,21 | 1.0780 110 ‘
92.96 | 1.0622 88 (01k)
99.36 |1.0102 50 {331)
101.16 | .99707 633 (331)
102.41 | .98827 koo (203)
104.51 | .97407 672 (420)
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Table 8. - Continued

—_—_

26 d Intensity a~5ic|{ B-8iC| a~Ti | TiC T:‘.5813
{arbitrary units)

105.56 | .96726 238 (722)
108.91| .ok66k 184 (211)
11k4,28] .91696 119 (11h4)
119.06] .80367 100 (k22) 1 (212)
120.31| .88802 582 (224)
121.51| .88319 oho (015)
¥122.26| .87956 196
133.51] .83829 771 (333,

511)
139.56] .82083 194 (213)
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Table 9 . - Experimental d-spacings and intensities for phases
identified in 1800°F-25 hour exposed SiC~-Ti(AS55)/Mo

28 a Intensity a-5iC | B-8iC | o-Ti | TiC | TigSi,
(arbitrary units)

34,16 2.6225 375 (227}

35.61| 2.5190 11,430 {111) | (010} | (111)} (002}

36.81{ 2.k395 k18 (210)

37.46| 2.3987 167 (1.02)

38.41{ 2.3415 786 (002)

Lo.16| 2.2435 1,605 {o11)

k0.93| 2.2030 255 (211)

b1.93} 2.1527 432 (200) (200)| (300}

42.61| 2.1199 398 . (112)

53.06} 1.7244 226 (012)

60.16| 1.5368 81k {220)

60.78] 1.5230 528 (220)

£1.46| 1.507L 161, (222)

63.01} 1.4739 236 (110)

65.71| 1.4198 106 (321)

66.48{ 1.kos2 200 (410)

- . {213)

68.66| 1.3658 8l (ho2)

70.81] 1.3295 350 (103)

71.91| 1.3118 882 (311)

72.78] 1.2983 326 (113)

73.21| 1.2917 75 ‘ {500)
i (o0k)

75.63] 1.2562 . k3o (222) (222)

T6.46] 1.24k7 405 (112)

T7.56] 1.2311 21k (201)

78.46] 1.2179 T8 (L20)

79.46{ 1.2051 70 (331)

83.86| 1.1527 121 {502)

85.12{ 1.1388 30 (21h)
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Table 9. - Continued
28 4 Intensity a-8iC| B-SiC| a-Ti | TiC Ti5Si3
(arbitrary units)

86.16 | 1.1277 50 (511)

87.06 § 1.1183 125 (202,

88.36 | 1.1052 55 (30k)
*91.41 1 1.0761 73
100.26 | 1.0036 50 (331)
101.06{ .997T8 360 (331)
102.46 | .98792 372 (203)
wok.ba| o767k 390 (420)
106.3%L| .96250 378 {(z27)
108.56 1 .gh8T2 130 (211}
F109.46 | .ob3h2 118
11%.51 ;) .91578 127 (114)
119.46 | .8918L 256 (ko2} ! (212)

120.71] .88625 b3l (22h)
F122.51 | .87850 46
125,411 .86675 88 (204)
133.51| .83829 39k (333,

511)

136.611 .82807 140 (115)
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Table 10.

~ Experimental d-spacings and intensities for phases
identified in as-fabricated SiC-Ti(A55)/V

26 a Intensity 0-8iC| B-8iC| o-21i | TiC | Ti Sig
{arbitrary units)
3k.06{ 2.6300 250 (227?)
35.61{ 2.5190 10,530 (111} ] {o10)| (111)] (ocC2)
38,111} 2.3593 1,350 (002)
40.01{ 2.2515 1,521 (011)
431,06 2.1963 120 (211)
b.56] 2.1711 120 (200)
ho,02 | 2.1483 25 (200) (300)
52.76 | 1.7835 307 (012)
#59.31 | 1.5567 50
60.01 | 1.5403 1,16k (220)
61.0L | 1,517k 316 (220)
62.8L | 1.4782 283 (110)
T0.51 | 1.334L T70 (103)
TL. 76| 1.31k2 1,295 (311)
72.56 | 1.3017 122 (113)
75.46 | 1.2587 k23 (222) (222)
76.16 | 1.2k89 168 (112)
#76.91 | 1.2385 )
T7.56 | 1.2298 50 (201)
81.86 | 1.1757 102 (ook)
90.06 { 1.0887 50 (400)
¥91.L6 | 1.0757 50
#93.56 | 1.0570 50
99.91 | 1.0061 20 (331)
100.85| .99922 160 (331)
102.01] .99105 131 (203)
*104,211 .97672 104
10L. 71| .97276 106 (k20)
105.91| .96502 75 (227)
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Table 10. -~ Continued
28 d Intensity 0-8iC | B-8iC [a-Ti |TiC | Ti_85i
(arbitrary units) >3
109.06 | .94576 20 (211)
11,06 | .91810 131 (11k4)
119.21 | .89343 125 (b22) [(212)
120.5L | .88713 389 (224)
121.91 | .8810k 210 (015)
133.41 | .83861 668 (333,
511)
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Table 11.

- Experimental d-spacings and intensities for
phases identified in 1A00°F-25 hour exposed SiC-Ti(A55)/V

26 a Intensity a-5iC| B-SiC| o~Ti| TiC | TiSig
(arbitrary units)
3h.06{ 2.6300 575 (227)
35.66{ 2.5156 19,350 (111)| (o010} (111) (002)
36.81 | 2.2395 300 (210)
38,51 2.3357 525 (002)
ho.26| 2.2381 1,587 {o1i1)
Lo.96| 2.2015 75 (211)
bi. 41| 2.1786 120 (200)
41,96 | 2.1513 150 (200) (300}
hz.621 2.1195 100 (112)
53.16 | 1.721h 230 (012)
¥59,11 | 1.5615 250
60.16 | 1.5368 1,350 (220)
60.71 | 1.52k1 597 (220)
#61,91 | 1.4975 120
63.16 | 1.L4708 386 (110)
TL.06 | 1.3238 918 (103)
71.88 | 1.3123 1,350 (311)
T2.66 { 1.3001 210 (113)
75.56 | 1.2573 615 (222) (222)
76.36 | 1.2k61 433 (112)
T7.66 | 1.2284 175 (201}
. 87.11 | 1.1178 100 (202)
90.32 | 1.0863 T0 {koo)
#91.50 { 1.0753 70
92.96 | 1.0622 70 (01k)
99.96 | 1.0058 120 (331)
101.01 99814 696 (331)
102.31 98901 60k (203)
10%.61 97342 786 (k20)
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Table 11.

- Continued

28 a Intensity a~-Sic| B-SiC| o-Ti | TiC Ti_Si
(arbitrary units) >3
106.26 | .96281 186 {(?27)
109.12 | .9ksh1 125 (211)
¥109.86 | .9hl11 125
114,61 | .91526 109 (11k)
119.16 | .89321 216 (h22) | (212)
120.16 | .88869 7T (221 )
®102.31 | .87935 524
131.46 | .8Lko2 120 (300)
133.51 | .83829 1,h11 (333,
511)
136.46 | .829k0 1o (115)
140.51| .81836 176 (213)
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Table L2.

-~ Experimental d-spacings and intensities for phases

identified in 1800°F-25 hour exposed SiC-Ti(AS55)/V

20 d Intensity . G-8iC| B8-SiC | a~Ti | TiC Ti5813
(arbitrary units)
34.02{ 2.6330 350 (777)
35.711 2.5121 11,250 (1231) | (010); (211)| (002)
36.91} 2.4331 320 (210)
37.58} 2.3913 184 (102)
38.51| 2.3357 525 (002}
40.26 | 2.2381 1,473 (011}
40.98{ 2.200k 300 (211)
41.98 | 2.1503 350 (200} (200)! (300)
k2,66 2.1176 318 (112)
53.16 | 1.721k 303 (012)}
#5h.361 1.6862 8h
*#50.31 | 1.5567 125
60.13 | 1.537k 625 (220)
60.78 | 1.5230 552 (220)
61.41 | 1.508k 222 (222}
63.16 | 1.h708 380 (110)
65.71| 1.4198 T7 (321}
66.56 | 1,4037 423 (410}
(213)
68.76 { 1.36k0 75 (Lo2)
T1.06 | 1.3238 386 (103)
71.91 | 1.3118 1,113 (311)
- 72.71 | 1.2993 335 (113)
73.50 { 1.2873 60 (500}
(0oL}
75.56 | 1.2573 506 {222) (222)
76.51 | 1.2Lko 456 (112)
T7.61 | 1.2091 155 (201)
78.56 | 1.2166 32 (420)
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Table 12. - Continued

20 d Intensity g=8iC | PB=5iC{ o~Ti | TiC TiSSi3
(arbitrary units) .
79.46] 1.2051 45 (331)
82.51{ 1.1681 61 (00k)
83.91] 1.1521 90 (502)
85.11] 1.1389 35 (21k)
86.06| 1.1288 39 (511)
87.061 1.1183 110 (202)
88.46] 1.10k2 81 (30k4)
#91.31} 1.0770 52
100.02{ 1.0053 60 (331)
100.71! 1.0003 29h (331)
102.36{ .99862 522 (203)
10k.56| .97375 433 (420)
106.26) .96281 312 (722)
#108.22( .95075 55
109.0%| .94605 39 (211)
¥109.66{ .9h226 50
115,81 .91lkok 157 (11h)
119.96] .88958 198 (k22)| (212)
120.56| .88691 L6 (22k)
¥122,51] .87850 552
¥123,16( .87580 125
125,56} .86617 135 (20k)
133.h1}  .83861 1,008 (333,
511)
136.81{ .B82839 292 (115)
1k0.56| .8182h 188 (213)
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as~-fabricated specimens is doubtful. The Ti58i3 phase started
appearing more clearly in all samples after an exposure of 1600°F
for 25 hours. With further thermal exposure, the total intensity
from TiSSi3 was found to increase. A quantitatiﬁe analysis of
the phases found in DWA samples was not attempted at thé present
time.

Some moderate line shifts were observed in the a-Ti
diffraction patterns after the thermal exposure. This would be
expected due to lattice expansion or contraction as C and/or Si
goes into solution. Residual stresses in the composite, intro-
duced during thermal exposure, may have also contributed to the
a-Ti shifts.

No lines from the interfacial coatings could be detected
in the diffraction patterns of the coated composites. fhis was
probably because the wvarious coatings went into solution with
‘the matrix during composite fabrication cycle.

Composites of SiC reinforced Ti (A55), Ti (3A2-2.5V) and
Ti (6A%-4V) fabricated by TRW were found to be well bonded
compared to those of DWA. These compbsites-were,thermally
exposed to 12000F, 1600°F and 1800°F for 25 hours each. The
most .obvious difference in the TRW composites of Ti (AS55) com-
pared to DWA composites of Ti (A55) was that lines due .to TiSi
and TiSi2 were present in the TRW composites for 1600°F and 1800°F
exposures, whereas, in the DWA composite, these lines were absent.
In addition, reflections due to g-Ti were identified in the as-
fabricated and thermally exposed composites of Ti (3A2-2.5V) and

Ti (6AR-4V) .

34


http:3Ai-2.5V
http:3Az-2.5V

Quantitrative Study of Reaction Products:

For the TRW composites, the study of reaction at the fiber-
matrix interface is under study on a quantitative basis. One
might expect that the interface reaction can be followed by
studying the decrease in the integrated intensity of SiC reflec-
tions. However, with an increase in the thermal exposure, 5iC
reflections were found to overlap with the reflections of
reaction products. In order to follow the intensity wvariation
of SiC reflections, it is essential to separate the S5iC reflec-
' tions from other overlapping reflections. The Pearson VII
function can be used in the separation of overlapping reflec-

tions, and this is given by

2 —m
(R-X)

YzYO l+-————r
ma

’

where X, is the 28 value corresponding to the peak height Y,
"a" is related to peak half-width and m is the shape factor.
For m = 1, the variation is Cauchy, and for m = «, the varia-
tion is Gaussian.

A modified IBM nonlinear least squares program was obtained
from Purdue University. This was originally written to separate
two ovérlapping peaks, .We have modified it so that it is now
capable of separating 12 overlapping reflections from the Kaq-
Ka g doublet. The program has been used for investigating the
Ti (A55) composite samples of TRW. A typical curve is shown in
Fig. 2 where individual reflections are separated using the

program.
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The half-widths and integrated intensity resulés are
scattered when the same line is examined after the wvarious
thermal exposures. This effect may be due to the development
of a preferred orientation. More accurate data are being
collected at this time. This is required before any conclu-

sions can be made at this time.

Publications and Talks:

The research on this study resulted in the X-ray data
listed in Tables 1 through 12, and the following Master's
Thesis: A Study of Interfacial Reactions in Silicon Carbide
Reinforced Titanium, George Washington University, 1979. These

results will be included in future publications.
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PART 3 - SOLUTIONS FOR DIFFUSION IN SINGLE-, TWO-,
AND THREE-PHASE BINARY ALLOY SYSTEMS

OBJECTIVE

In the analysis of diffusion controlled processes (e.g., the
diffusion of planar protective coatings into substrate materials,
the filament-matrix interaction in metal matrix composites, or
the homogenization of powder .compacts), the ability to predict
the degree of interaction between different components, given some
exposure conditions, is needed. Solutions of the diffusion equation
have been reported for several different initial and boundary
conditions. Most of these, however, are restricted to one geometry,
applicable only for infinite or semi-infinite systems, or require
that the diffusion coefficient be-independent cf concentration.

The objective of this study is to develop general solutions for
treating diffusion in single-, two-, and three-phase binary alloy

systems.
APPROACH

Finite-difference solutions were developed in this study for
treating one-dimensional transient diffusion in single-, two-, and
three-phase binary alloy systems. These solutions are applicable
for planar, cylindrical, or spherical geometries with any diffusion-
zone size and any continucus (within each phase) variation of the
diffusion coefficient with concentration. Special technigues %ere
included to account for differences in molal volumes, initiation
and grawth of an intermediate phase (three-phase system, disappear-

ance of a phase (two-, and three-phase systems), and the presence of
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an initial composition profile in the specimen. In each analysis,
an effort was made to achieve good accuracy while minimizing

computation time.

RESULTS AND DISCUSSION

Diffusion calculations were performed (ref. 3) to establish
the conditions under which concentration dependence of the Jdif-
fusion coefficient was important in single-, two-, and three-phase
binary alloy systems. Finite-~difference solutions for each type
of system were obtained using diffusion coefficient variations
typical of those observed in real alloy systems. Solutions were
also obtained using average diffusion coefficients determined by
taking a logarithmic average of each diffusion coefficient varia-
tion considered. The solutions for constant diffusion coefficients
were used as references in assessing the effects of diffusion
coefficient variations. Calculations were performed for planar,
cylindrical, and spherical geométries in order to compare the
aeffect of diffusion coefficient variations with the effect of
interface geometries.

Diffusion coefficient variations in single-phase systems and
in the‘major—alloy phase of two-phase systems were found to effect
the kinetics of diffusion as strongly as the interfacial geometry
of the diffusion couple. Concentration dependence of the diffusion
coefficient in the minor-alloy phase of a two-phase system was
found to have only an initial transient effect on the diffusion
kinetics. In three-phase systems, the intermediate phase did not

increase in thickness if the diffusion coefficient of the inter~
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mediate phase was smaller than the diffusion coefficient of the
major-alloy phase. Under these conditions, the three-phase
diffusion problem could be treated as a two-phase problem. However,
if the diffusion coefficient of the intermediate phase was larger
than the diffusion coefficient of the major-alloy phase, the inter-
mediate phase grew rapidly at the expense of the major and minor
phases. In most of the cases considered, the diffusion coefficient
of the major-alloy phase was the key parameter that controlled the
kinetics of interdiffusion.

A semiempirical relationship was developed (refs. 4,5) which
describes the extent of interaction between constituents in single-
phase binary alloy systems having planar, cylindrical, or spherical
interfaces. 'This relationship makes possible a quick estimate of
the extent of interaction without lengthy numerical calculations.
It includes two parameters which are functions of mean concentra-
tion and interface geometry. Experimental data for the'coper—
nickel system are included to demonstrate the usefulness of this

relationship.

PUBLICATIONS AND TALKS

The reseaxrch on this study resulted in three publications:
Effect of Concentration Dependence of the Diffusion Coefficient on
Homogenization Kinetics in Multiphase Binary Alloy Systems, NASA
TP 1281, 1978; Geometric Relationships for Homogenization in Single-~
Phase Binary Alloy Systems, NASA TP 1349, 1978; and An Empirical
Relationship for Homogenization in Single—~Phase Binary Alloy

Systems, Met., Trans., Vol. 1l0A, No. 3, 1979.
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PART 4 - MOISTURE EFFECTS ON GRAPHITE/POLYIMIDE COMPOSITES

OBJECTIVE

Composite materials ccnsisting of graphite fibers in a poly-
imide resin matrix offer pctential for considerable weight savings
in structural applications reguiring high tempera;ure service. The
space shuttle orbiter vehicle aft body flap is a prime candidate
for posgible application, where operating temperatures will be too
high for graphite epoxy consideration and considerable weight
savings may be possible compared to conventional aluminum structure.
However, the characterization of graphite polyimide materials with
respect to mechanical property degradation by environmental effects

has not yet been adequately accomplished. The objective of this

study was to do such a characterization.
APPROACH

The Materials Research Branch undertook this problem in sup-
port of NASA's CASTS program. The experimental program included a

large matrix of both material and environmental variables.

Material HTS2/PMR 15, Celion/PMR 15

Orientation (O,i45,90)2, (0)8

Moisture Condition As processed, vacuum dried, saturated,
saturated and thermally cycled

Temperature

117, 294, 589K (=250, 70, 600°F)

Property Tension, compression, interlaminar shear,
raill shear, flexure

The grant's main contribution to this program was to develop soft-

ware for a Hewlett-Packard Data 2cguisition System to permit extensive
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mechanical property data collection on the graphite/polyimide

composites.

RESULTS AND DISCUSSICN

Software Development:

Three computer programs were developed for an HP-9845 system to
facilitate real—-time data collecticon. A listing of these programs
is given in Appendix A. Program 1 utilizes a digital voltmeter
for data collection during static tests. Program 2 utilizes a
fast response system voltmeter and is used for fatique tests. Two
amplifiers are used with the system voltmeter to improve accuracy.
Programs 1 and 2 store the data on magnetic tape cartridge. This
data can subsequently be read using program 3 which gives stress-
strain and modulus-strain plots, as required. The programs were
written to accommodate more than one test machine at the Langley
Research Center. Either a Tinus-0Olsen testing machine or an MTS
machine could be used with the data acquisition system. All the
programs are documented to facilitate usage by other researchers.

Mechanical Properties:

The general conclusions resulting from the on-going study on
graphite/polyimide composites are as follows (ref. 6): Moisture
conditioning produced moderate to severe reduction in compressive
and interlaminar shear properties at 589 K (GOOOF). No reduction
was observed in tests at room temperature or at 117 K (—ZSOOF).
The compressive property appeared to be affected more than the
interlaminar shear property. Vacuum drving, on the other hand,

appeared to improve both properties at elevated temperatures and
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might be considered for final processing if it can be shown that
increases would_not be lost by environmental degradation in sexvice.
The degradation by moisture conditioning appears to be associated
with the lowering of the glass transition temperature, and this

can occur aftéer only a few weeks exposure to condensing humidity

conditions at 355 K (180°F).

PUBLICATIONS AND TALKS

The research on this study resulted in the thres computer
programs listed in Appendix A, and the following technical paper:
Mechaniéal Property Degradation of Graphite/Polyimide Composites
after Exposure to Moisture or Shuttle Orbiter Fluids, NASA CP 2079,

1979.
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SUMMARY

Good progress has been made in several areas. DMechanical
property dsgradation and chemical interactions were studied in
titanium matrix composites. The results suggest that an inter-
facial cocating of aluminum considerably reduces the reaction
between SiC fiber ad titanium matrix. General finite difference
solutions were developed to treat diffusion in multiphase binary
alloy systems with planar, cylindrical or spherical interface.
Software was developed for the Hewlett-Packard data acquision
system to facilitate real-time stress-strain data collection
on graphite/polyimide composites. The research on this grant

resulted in six publications.
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APPENDIX A

HP-9845 Computax Programs

Program 1.

Prograp#lidtatic Tess wirh Tiniuz=-0lzzn or ATS unzching,
JPTIOH BRZE 1
BEG
DIM Cu2983,G0 108,380, AF0S01, 10200, e 200, R 25, F303 R 28
COM RuweB:idn
IMPUT "4 ~apr CPT autpus, 2 Far PAPER owurpur: 3slson " Pr-
IF Prz=1 THEM PRINTER I3 (5
IF Prr=2 THEM FPINTEP IS5 9
Cily=l
Cil4:=259498
Ryrn7h={
Funi3n=3
INPUT "Tatzl # of Channe
IF WFu 02 OR (Rl 29
Rur22=THT 2898 Ruc il
FEDIM GiRwC2),Pus iy

THRUT "# o7 3zrain Gagssed, l, . . 187", 00120

IHPUT "% of Extensomsterzed, 1, 27,0011

IF ColtleCi1a0+2. )Ry THEM GOTO 174

THPUT "Tups- of Teszt, Sp.#, Date, 2toc. «JI9chsa, ", A2

FPINT LIHCEY
CPRIMT "Progrm 1 Qutput.”
FPINT LIMCL,

PRINT H3

PRIMNT LIHuL?

FINED 9 :

PRIMT "e—m~——m e -
PPINT "channsls =M iR L
PRIMT “pointsscha,=" P2,
G33UE Intt

Cos=Ruild

CuvFazRur2d
Ruddd=INT (R la=2,-23

IF Fusddct THEN FPurdr=]

IHPUT *1 far Tiniuz-0Tlzen, 2 for MT: ¢ Szlece,", 213
I[F Cu13)=2 THEH I[HPUT "How maaw lbs doss the #ull soalszs 1oy

T LSK, 1Bk, 28K, 25K, SBK, 139k, S0t

IMPUT “What iz the mzioamam 1oad v 1B3r wouy 2gp3cr o uze > (Roog

F(B)=19-C{14,~Rys 1y
TF Ruvidd<l THEM Rwv3Y=2Z
IF Rur@oss.! THEH RuiBs=
Rowgh=2g
RyRuC4h=t3=2f g3
MyBuCS s+l v=Ry )
PrEvcd i+ ey,

FOR I=1 T Ruv4s
el i =RueTh

He T =R G+ ORIGINAL Page IS
PLir=l+t OF POOR QuALMTY
HE®T I - e
IF Foelr=2 THEH COTOD 373

FOR ISR d»+2 T Foe 1o

Bl fi=mparTh

Mi T @inel-|

Fela=l

HELT I &b

1
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1119
1129
1139
1148
1158
1158
117%
113¢
1138
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i
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o

1228
123

g 3

X

Rulgi==1
Ru{I)=RW(TI

FHPUT “"Channsl # to be Balanced. 28,21, 23,

IF Rut@d==1 THEN GOTO 578

IF Rwi@,=38H THEN Ru{3Si=Ruy3)

BUTPUT 722 USING 13303 INTWR (S
QUTPUT vO9 USIHG "#,K"; g

QUTPUT 789 USIHGE 1338;Rw032

GOTa 379

INPUT "Specimen Thickness in inchegs 2V
INPUT "Spscimen Hidth in inchez 29,0032
INPUT "Strain Gage Factor 7",C004)

INPUT "Total Test Tima ¥4 to 380 mipz 27"
IHPUT "Tape Cartridgs # 7" ,Ruid)

- -
L LIt

...._3_2"'"1?3"!';3."

,L1S0

THPUT "Spscify 2-digis Filed (18, 11,....22,7"Frl=

IF (File<19) DR <F112:29> THEN G0TO 714
Fiie=IHT<Fileh

FS="FILE"&VARLS«Filay

PRINT "Cartridge# =";Rucdl :
PRINT "Data Fi1le# ="i1F11e

PRINT "Strain .Gagess"jCu120

PRINT "Extensometsprz="jCcil:

PRINT "=——m—mmmmm—mmme "

PRIMT LIM{i?

PRINT "To Step: PAUSE , S=1 , EXECUTE , COHTIHLE.®

S=d
Rudd)d)=0t30=80880 -Cr70-Cuens+120
IF Ruisas<H THEH Ru.s.=9

DUTPUT 722373

IMPUT "Prezs COHTIHUE to Collegt Darz",Ru @

BEEP

FOP I=1 TQ Ruii:

DUTPUT 722 USIMG 1339, IHT* R INY
QUTPUT 789 USIMGE "#,K";*C"
SUTPUT 78% USING 1388 HMIn
TRIGGER 722

EMTER 722 USIHNG 14885 IcPLIue
ME®T 1

FOR J=1 TO Ruray

iF $=1 THEH GOTO Stop

FOR I=1 TQ Ruil;

AUTPUT T22 USIMG 13989, IMNTLR" 122
QUTPUT 792 USIMG "“#F,K"3"C"
DUTPUT 792 USIHG 1338 ;HcIX
TRIGGER 722

EMTER F22 USIHiZ 1483;G(I,PrIny
MEXT 1

WRIT Rudgl

MERT J

Stop:BEEF

£rgx=J-1
IMPUT "Prez:z COHTINUE to Stors",Rusdy
Cvdr=I1Rud LoD

IF NOT 4¢3y, 2115, 0F 950, 81255, THEH GOTO 1134

FIXED 1!
PRIMT "Bridge Yaolt.=";Co90<508
FIKED 9

PRIMT "# of Dzavs Foinrs Collzctad = %0080

FOR I=1 TO £¢(8.
FOR I=1 TO Ry 1~}
GuJ,Pa=GeT, -1 I0
HEMT I

HEMT J

IMPUT "Inmzerr Cartre
Ruvrgar=ra 008100 -7
CREATE F$,Ruld

idgs

1
Sa-TH  ~5+IE9Y 258



1239 REBIM G(Cua) ,L{Bs2
12355 RESIGH #9 TGO Fs

1255 CHECKX RERD #9

1238 PRIMT #9;C<#),5(%x ' A%
12948 RSSIGN #9 TO =

1384 Ru(@)i==}

1313 INPUT "More data collesctiondl wues,d nol?",Ru’d.
1328 IF Ru(gi<1 THEH GET "PROG2"
1334 GOTO 138

1348  END

1359 Init: !

1358 REMOTE 7

1379 RESET 7

1328 IMAGE #,2Z,"€"

1378 IMAGE "R", 1D

1489 IMACE F

1418 DUTPUT F22;"F1T1"

1429  RETURH

438



P Program®#dlFatigus Tezi with Tintus=-0iszn or MT3 nachins,
OPTIOH BARSE 1
DEG
40 DIM CO20,,G5¢300, 0, A50SA1, P 30 F5 83, 28050],Buffasrsl1401]
s LOM Ruigs 2L

[T (VI
G

549 IMNPUT "1 for CRT eutput, 2 for PAPER outpus! Szlsct, ", Fen
e IF Prt=1 THEH PRIHTEF I3 12

343 IF Prt=2 THEM PRINTER IS @

29 FINED 9

185 Culr=2

119 Ruvly=2

126 Ruwé¢2i=189

134 Rui3,=30

124 IMPUT *"Tuops of Test, Sp.#, Date, =teo, +S52cha.y 0, 0F
138 PRINT LIHvZD

125 PRINT *Frogram 2 Output,®

178 PRINT R#

134 PRINT "ew—mm e — e r e —— -——— e "

134 FRINT "2 channsls.”

206 PRIMT ®*18% points.chan,

a1g PRINT “9B intezrualsz,.”

el v IMPUT "Cuclezszgcandg ?",C0014)

234 PRIHNT "Cwoles. segcond= “;Lv10:s

2413 IHPUT "GAIM for LOAD chaznnsl 7", Rudlgh

259 IHPUT "GRIN for STPAIM channsl ", RPuwi Ll

efys) PRINT "GRIM for LIAD channesl =" Roo 130

a7y PRINT "GRIM faor STFAIN channel=sY;Ruril.

225 PRINT Mot e ettt "

2940 Cetza=1

2aa Colio=a

318 IMPUT "1 for Tiniuz-0lzen, 2 for MT3: Sslsci," Srilis
329 Ceido=s3059

3349 IF CO12=2 THEH IHFUT "To how manye bz does ths full 321212719V corrszpan

g ra?0SK, 16k, 29K, 25K, T0k, 196K R £ 4.

349 QUTPUT 9;"U2H,.H2Z2=12"

- IMAGE "P", 12

5 IMAGE #,2Z,"E" T

7 IMPUT "3WHM Range <1 for '9.1%, 2 for ¥, 3 for 1g¥» DU, Ruvd)
3 REMOTE 7

5 RESET 7

RQUTPUT 728 USIHG "#, K"; "D 015, HRee3s FIT1®

BUTPFUT 7328 WIING 25095 IMTWROCRYY

E{ss=RuCLD

LnZ0=CoToaRyuc)

Ceos=,912

Pri13x=38

Pr2)=oc0

PL3Xx=188 ORIG'NAL pAGE IS
P(4r=1088 OF POOR QUALTY
Pr3a=19999

FAF I=< TO. Ruw 32
Frld=s13a0G+Pe I=1 -
HELT I

Rung)=—t

IHFUT “"Channzt # =
I[F Ru/sg==1 THEHN ©
QUTRUT 799 USIHG I

WL R A R A B O I}

Ty B IR O R ¢ B R

o
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Do I R

0
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]

fada
1229
1233
1240
13259

TRIGGER 728

GOTO 538

IMPUT "Specimesn Thickness A inches 7", C720
INPUT "Specimen Midih in inches 79,0030
IMPUT "Strain Sage Factor 29,042

THPUT "Tape Cartridgs#s 2°,Pui13)

INPUT "Specify 2=-D1g1t File# for Sroritng Darsz

IF (Fite<18> OR (File:809) THEM GOTD 543

PRINMT “To 3torel PAUSE, S5=1, EXECLUTE, CONTIMUE."

PRIMT LIMw12
PRINT "To Stop @ PRUSE., S=2,

PRIMT LIMC1>

=4
BUTPUT P2s; " T3
FIVEL 9

INPUT "Presz COHTIHUE to Collescs Datag” R
QUTPUT 3;"u2iE"
QUTPRUT 9 tuzye
EHTER 3:3¥
V13 - 10808
FOR K=1 TO Rull)
QUTPUT To9;"LalFagaIl®
QUTPUT 724 USIHG "%, K"1"F1l,
Buffers=sns
BEEP
ENTER V25 BFHS 1481, Buffars
BEEP
QUTPUT 728;0T73"
Pull8i=Ruilgi=~1ER9
RUOiT =RV LIS I=LESD
Buffersiisggi=","
J=15
FOR I=2 T3 Rwi2y
GCI,1o=YAL{BufrersiJ]1
Grl, Lo=ARSCRCI, 1 Puwitini
J=J+7
Gul, 20=VALYBufFersl Tl
341, 20=RBSCELT, 2a-Pnll0
J=J+7
IF Rur18%<GCI,2) THEM Pur 132=G+ 1,
IF RuuviadineI, 1)y THEM Rivwiga=iI, 12
IF RuC1F xGCI, 22 THEN Ru(ti?I=RcI,2:
IF RwoiS¥>GeI, 1) THEH RwriSd>=50I,1>
HMEXT I
Gl 10=0e2, 1)
Ge1,2¥=6¢2,2)
Rui21)=Ru 13 =-Rui17)
Rul28i=Ry{in)—Rus 13"
Rui200=Ru2B 71920414
Pur203=Rw 2B, (G2 =203 1989
RUL2idsdaRuc 21 0. LD d3=300=5790 3
Ru(2BY=RBSI{RU. 20 Ru{21 "
PRIMT "Gucle$ =93 INTCY, |
PRIMT "Modulus="{Rur284;"bz1."
IF S=2 THEM GOTD Sraop
1F S=1 THEM GUQSUR Stars
QUTRUT 923t uaw"
EMTER S:iV
Vet 130, 1098
IF YR k> THEH G070 1144
MENT K :

Stop:GET "PROG3" .
EMD

i
fra
)

]

|

1,8,88155H

1k |_‘_\Il

)
Ll

SemeEt THEUT "Irmzert Cartrigs in PFECJED modzs For

Fi1le=IHTcFiles i

Fe="FILE"s¥aLEcF11an - 50

UECUTE, COMTIHUE.™
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13328
1349
1350
1334

1379

25="CartridgeaYALFLRYCLI 08" ;
CREATE F$, 19

ASSIGH 43 TO F$

CHECK READ #9

PRINT #9;0C#0,54=),AF
ASSISH #9 TO +

PRINT "=mm—mmesme—mmmmm .
PRINT 25

PRINT Mo—mmmmmmmmm e .
File=File+l

529

RETURN

"RF 3

51
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Program 3

! Progrzm#3: Retraerang & Plostaimg Darz. Haw 11, 1972,
OPTION BRSE 1

DEG

DIM 28 ,Fscgn

COM RuBi 37

IHPUT "1 for CRT plaor, & for 9872 plet: Szlzct.”,0rt’

IHPUT "1 for CPT output, 2 for PAPEF outpur?
IF Crt=1 THEH PLOTTER IS L3,"GRAPHILCS"

IF Cri=1 THEM GRAPHILS

Savep=9

IF Crt=1 THEH S0TO 149

QUTRUT PesS;*IP 9,9,149%59, 3309

PLOTTEP I3 7,35, "96872A7

IF Prt=2 THEH PRIHTER I3 9
IF Prv=1 THEH PRIMTER IS 12
THPUT "Tzpez Cartridgs &",FPural

FIKED 4
Pread: THPUT “"Speoify 2-digit filed (19,11, , 230", Fais
IF Filt=4t8y P (File=™~32 ¢+ THEM GOTD FPrzzad
File=INT Filte)
F3="FILE"%YALFLFilz
ASSIGH %2 T3 Fs#
READ #9;0Cw+2

DIM GCaD, 880, 80330, % B 3%  Fr @ 3% 00 92 39, Wung: 35,
DIF Rz(381,450281,V50301,250381

RuCiri=Cin)

Rui2i=rr3) )
REDIM GeRw{Z,, 3R 10-11

FIXED @&
PRINT LIH{2>
RusBI=IHTLR LAY
2F="Camtr1dgs " e VALE Ru TG Yy PF S
FFPINT "Program 2 Uutpur? " .23
FRINT "# of channelzs"jRu ()" pointz-cha.="] Py
PRINT LIMCL)
Ru31=0
Ryt 33.=9
Ru{34 =9
Read: ASSIGH %9 TO FF
WE="ITRAIN, in-in®
READ #2;C(»3,L.%7,AF
FIBED §
C{23=CLF 1 +588
IF Ru«x?232=4 THEH COTO Platl
V¥="STRESS, kzi" :
IF Pud3s=1 THEH G370 9%
PucZusr=a
IMPUT "Is D=xtz to Be Prrmrag {0 gz, 3 pos 20 Foo 200
IF Ryv20h =9 THEH $070 3499
FOp F=1 TO £o5: ’
FIXED ©
PFRINT J;
FOP I=8 Tt Rur -1
FILED S 32
PRIMT Gq:+.J,E.;

o

3

h )


http:F',S:39',,wu'e:39g',lt.yO
http:OO,1g500,.30

1699
1a5a
198
1avy
13
1539
1199
1118
1129
1138
1149

11356
Lisg

HEAT I

PRIMT LIHrE:>
NEAT T

IF Rwui32=1 THEN
RucIn=]

FIXED 9

PRINT "omemmmemm e meeem “
PRIHT *"Load Channsl = g*
F¢ao=l

SQTo 73R8

IF CC125=8 THEM GOTO 709
FOR I=1 TO Cuti2

PERINT "Srrain Gages ="31
Filr=2

NEXT 1

K=3

IF Cclia=3 THEH COTO 779
FOR I=C{g)=CClio-1 TO Cugh=2-
PPINT "Extznzomstzr =Y:1
Felo=kK

K=K+t

MEXT I

IF 052 »0v112+C012 -1 THEH
PRINT "=-mw—mm—mmeemeee "

FRINT "Bridgs Yalrn.

:";]:1_‘-_7,\—1

F1ED 2

PRIMT LINL,

PRINT Mew——m—mmm e
PRIMNT LIH<1;

PRINT Chanmeis
PRIMT LIMc1>

FOR I=9 TO Ruii -2

Y La==]

IHPUT "Chan. ¥ %

IF ¥Yeld==-1 THEH GOTO 949

IMPUT My 1) 2%, My Tx
PRINT “/¢-axi3: PSS SN
Rudy=I+1

NEXT I

PRIMT LIMciy

FOR I=28 7O Rudl)-2
we¢lr==-1
INFUT *Chan,
IF “¢Ir=-1 THEH GOTD 1939

INPUT "MuwlCI3 T8, ,H- T
PRINT "H-axis: Bedcela
Ru(EI=1+1

HEVT 1

PRINT LINCL: :
IMPUT "Ap=2 ax=z 1o bs pl
INPUT "pen # t2 ussdl,43

PEM Ryl
Plaot2:FOR JT=1 T3
Ru(357=9
FOR I=8 T3 Rui4)-1
Rui@i=GCJ, ¥ 1™
Rul2iy=ForCl v
GOSUB Functian
R 337=Pun 330 +Ry S s+l I
HNEWT 1
Ruc3dy=GaJ, ¥
Fru35)=yu
FOR I=9'TQ Rovgl-1
RUCEBy=0r T 62
TRuLELY=FanTI )
GISUB Functian
B 35 =fau 39 e 22

HELT I

B o=Re 230

LI

Herghting Factor for

% Meryghting Factor for d-~zai

T=zizh, Yo I

S U

PRI

I

arted g, 1378 (Rocli
B RuCLLS

ORIGINAL PACE iS
OF POOR QUALITY

O N

33


http:P,,.5)-R,(S.W.vI

122

1239

Rye3y=GCT, 082 =Ry 352
HEAT J

1248 IF Ryd33i=4 THEH GOTO Modulus
1255 IF PudZ23>{1l THEHN GOTO Plot
1260 PlotliIF Cri=2 THEM IMPUT "Place 3.5 11 papsr Chorizonrnallon

~twft—~

1278
1224
1234
1389
1319
1329
1238
1348
1359
1354
L27n
1330
1254
1409
14149
14229
134393
144y
143545
L xined,
1459
1378
14293
1439
13435
154a
151in
1529
| R=31s]
1549
1335
19553
1579
1328
1393
1a4g
i1
1526
1523
1549
1358
15588
1878
16350

1595

o S

=

(R R B R R e B B Y ]

-

D

M b b g b b g be be b b B et b bak
PR R el Bl Bac® B Sl S Hind She’ Nl Wil

go len Poboes 0 GG )l e s Y D

D)

erner of plotser",Rudg:

FIKED 3

GOSUB Ma<min

PPRINT "dmin="iRuw{l3?

PRINT "Hmax=";Rucld)

PRINT "wmin="i{Rudl5"

PRINT "Ymax="jPulld,

IMPUT “"Mmin?",Puf23"

IMPUT "kmasc?" \Rurf240

INPUT "Ymin?!",Ruu2T)

IHPUT "ymaxg?®,Pui2s}

IHPUT "H=tiz Intzroal 7", Puesh

INPUT "# of ticz per d-urmt Tsbel?",Rulld:
IMPUT "K-zxis lTabe2i1u39 Characters,?" ¥
INPUT "—t1e Interoal?f Roed 157

INPUT "g af tics per Y-umr lapsi ", ooy
IMPUT "Y=axi1s label4289 Characrars?2".%3

R 1g= Ry 240 -Ry 25055, 3.718
Rudlvo=rPui 28 =Rus 272,319

IF Crt=2 THEM IMPUT "P1,P2: 1 waouw 3=t, 8 progrze 3slzsctzs; 2

F

"eSavep

IF Savep=9 THEH LOZATE 15,115,195,895

CIF Savepy1 THEM GDTO 15848

DISP "Sat Pi, Preass EHTER on plattzr, st P2, Przzz EMTER."
LOCATE

DIISP nn

SCARLE P25 ,RudId « Ry 230, Ruvied

RAES Rut2),Rur (B, RuiZF),BudZT R 13y P 13,4
Saveps=2

C3IZE 2,1-1.3

LORG 3

LDBIR 9

FIXED 3

b 1= IHT O RWI 23T =R ISRy +, 1
¥Yeicas[HTU (R 283=RuiZTsd Rudlgr+, 1
FOR =g TJ HXrics STEP Rwili32
Kual=Ru(231+1+Rud(ID

MOVE Mwal ,Rud2fs-Pull7s+3

LABEL WSIHG "k*:;Xuzal

HEXT I

MIOYE Pyt 242 -PRuCg -2, P27 0 =T%Ruv 17
LABEL USING "K' XF

FIXED 9

LORG B

FOR 1=9 TO ¥tigs ZTEP Rwild
Yyual=R 27 1+1-Pu’ 139

MUOYE Put230-Puvisy,Vval

LABEL WUSIHG "k "i%Wvual

HEXT I

LARGE 3

LDIR 99

MAOYE RUI2Ss—3sF 15, (P Z51-Fr 2700 -5

"LABEL USING "K"iWv¥

PLOT P23, Rud28, -2

PLOT Ruwo 24y, Ruvist, ~1

PLOT Pro 24% (Ro2v v, -1

PLOT Ru {250, Rul2s., -2

LDIR 1

MONE P 20 =P d 2500 -2 d=F 17 =P 25
LABEL USIHG "k";R:

FMIOYE CROLSAD-Fre 330+ 2, ZxRuc AT R0 20

[Capm

54

Tauchtng Tonuer

.::] d

Al sl
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1358
1853
127

1328
1354
1398
1513
1328
15353
1348
1258
19508
1373
1358
133G
29849
2817
2828
2939
2949
29548
rans
2058
2ara

Pa s
— (D
Do RN u ]
5 T O

eI B e VR I S H O {0

DO SS DO 00D

WO (SO NI O I (N AW (NI L (W LR |
[OOTYIFTVRE A I OO PR O I 1Y

240
I
2436
IR

LABEL USING “"K";2%

PlotiPLET Ge1,ni8ss,501, 7 ¢03),=2
FOR J=1 TO C.9Y
RyiHi=~1

IF CGCT YB3 IE=-3) OR CGCJ, M08 {E=-3 THEM PuBi=-2

PLOT GOJ,80B) 0,605, fC@r),Ru(E
NEST 1
IF Crt=1 THEN DUMP GRAPHILS
IF Crt=1 THEHN GCLERP
PEH 8
IF Rwi33,¥=1 THEM $OTD Resad
T IF Ry 33h=9 THEM G0TO 2640
IF HOT {+Ra¢33%=12 QP (Puf333=2>
RL{33 =49
GOTO Read
IF MOT ‘RyC333=3) THEHW GOTO 2044
Ru(3l,=2
Ru{33i=4
GO0TO Read

IF ¥C@»=3 THEM IHFUT "Moduluyzy8Me, 1Tan, 29=c
iF ¥¥9+«¢.3 THEH IHPUT "Poizson’ 'z RanioddpMa,

f3train on NXPU,Poc340

IF fRu3Z3{=82 HBMD 1Py 340~ =8, THEH GOTO Fsad

Ruf313=Ru 337

IF Rui331=3 THEH RFwrv31:=1
Fodulus iRl 373=,00802

Rur3g:1=2

FOR J=i TO £cgr-l

R

CRu 33v=d o THEM GRTO 20us

bl

e ITankSee N B 330

egz~-longoz2train an .oy

IF WPLo3The=Ge T+, @30y AHD (Puc3Tr. =G0, 30 THEH EDTD 21449

MERT 7T

Ryr371=J

IF Cuix=2 THEH RwiITusi

PRIMT "=emrmmm e e "

IF Ruyradi,=1 THEN ZOTO Paoirzsan
IF MOT (Ruy313=2) THEM GOTO 2229
PRINT "Secant Modulusz.,®
Y$="SECANT MODULUS, kzi"

GRTO 27328

PRINT "Tangent Modulus.”
YE="TANGEMT MODULUS, ksa®

FOR J=pud38xoPu(37 TO C{3)-Rud3g

RULAII=GLT+RUE 35 1 YA =GC TR 357, Yeds
Ryu 383 =3 JT4#RUC3EY, BB =Gy =R 352, Ne@Y
PRI =BT T=Pul3s)=RuCE?d+1, KB =50 T, %od,
RUVB G T=RuL 352 =Ru(370+1, YD) s 3Ru{S Y Fyr 364

HERT 7
CL8I=CuLBl-2=Ru 384~-Ru (37 +1
GOTO 2419
Rut220=3{Ru¢37 0,4 B2
Rut230=G{Rut 37,35

FOR J=@n(373+1 TQ .30
Bun23=sG0t, Y08 v =R 230
Rul3@3=Gcj, Krg =Rl 22)

R 3ysSlf=Ruy 37 A Y=ABSr G T, sv o7
Ru{B)=G¢ I-RuI3IVH, Y73 0=ABS . Ri2F s FuL 300 0

MEAT J
Cr3x=Cu8i~-Ruy 372
IMPUT "HAre a =3 t
ITHPUT "pené 1o uze’l-d42?",Rucily
FEH Rucliln
PRIHNT M memmm e e me e "

IFF R 28 v+ THEH GOTO Plat

GOTO Plott
EMD

Furpcr qons [F PoY21a=3 THEH FETHE !
IF P Z1o=1 THEM P o Zas=Rials, 1G=0

{

2 be plornedrf=127", R g
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2509 IF Ro21s=1 THEH RudS =ABSvRu3), 1 0r2y=L030 0 710545

2319 IF Puv21,=2 THEM Rut S =SARS{4+Rw B2 (040 =Lo 30y

23298 IF Rw.21=3 THEN Pu(3r=AB3.u~1,352994493E=-5+1, 35233440381« 800 1,817
2538 IF Runzir=d THEM Rw13)=AB3(.~1.030315309238E~-3+1. 33898337 TEL=Run 30019150

23548 RETURN

2530 Maxmim: Ruild)=Pul2)=-1£33

253688 Rwil3r=Rull3)={E33

235789 FOrR I=1 TQ C{3>

2538 IF Gel, @i acPud133 THEH Budl3d=Go,irgsn
2991 IF GOI, K080 Rur 12y THEH Puvl12d=G01, 0030
2599 IF SQCT,¥Wrgh )P 1T THEM FudlSi=Gd [, FCdn
2519 7 IF GAI,YUS3) I FRucldY THEM Ry L4 =G, 900
2548 IF eI Yvars .sRurldy THEM P 320=]

=n3a MEXT I

2548 IF »CCle=13 AHD CRU{33I)=07 THEM Cv3s=Ryu 30

25589 RETURH

2558 Poi1zseon: PRIHT "Poi1szon 3 Ratiol"

25783 INPUT "H~axi13v1 1nng.strain, 2 trans.stezin, 3 zuesrage of long.itrzns, 2"
s Bui33d)

S588 Y3="PJI350H"5 PRRTIO"

2598 FOR J=Ru(37) TO w3

2780 I=j-RuU(37Ps+1

27Tta P22 =00T,5v8 0

2720 Rur230=50T,¥r82

273 IF Ruu33h=2 THEH Fur 22=Ruw. 230

2748 IF Ru(3d2=2 THEM RPur@3d=GrJ,Hcd

2r%g GCI, Y g a=Rur 23 RuT 22D

2759 e, HEByy=Ru{22™

arvy IF Rwi3gr=2 THEN G I[,2{(8 =P )

2738 IF RPun283=73 THEM GLI N0 3sqROB23+Pe 220 &
2:7e MEAT J

=393 Ci3i=1

2319 As="LOMGITUDIHAL STPAIN, 1nsin."

22249 IF Rw.353=2 THEN UH$="TPRHSVER3E STRAIH., 1n in."

2834 IF Ruy282=3 THEM AF="AVERRGE 3TRAIHCIang.%&tranz, +, 1n in,"
Z248 G070 2414
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