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ABSTRACT

Advances in the design of the liquid oxygen, liquid hydrogen engines for
the Space Transportation System call for the use of warm, high-pressure
oxygen as the driving gas in the 1iquid oxygen turbopump. The NASA
Lewis Research Center requested the NASA White Sands Test Facility (WSTF)
to design a test program to determine the relative resistance to ignition
of nine selected turbopump materials: Hastelloy X, Inconel 600, Invar
36, Monel K-500, Monel 400, nickel 200, silicon carbide, stainless steel
316, and zirconium copper. The materials were subjected to particle
impact and to frictional heating in high-pressure oxygen.

In the particle impact tests, nickel 200, Monel 400, and silicon carbide
were the most resistant to ignition; Monel K-500 and zirconium copper
were slightly less resistant to ignition; and Hastelloy X, Invar 36, and
stainless steel 316 were the least resistant to ignition. Inconel 600
was not tested.

In frictional heating tests of pairs of like materials, the ranking was
generally upheld, with the materials ranked in order of decreasing
resistance to ignition as follows: nickel 200, Inconel 600, Monel 400,
Monel K-500, Hastelloy X, Invar 36, and stainless steel 316. Pairs of
silicon carbide and zirconium copper failed mechanically at modest
contact pressures and did not ignite.

In tests where pairs of different materials were rubbed together, the
material rated Tess resistant to ignition in previous tests appeared to
control the resistance to ignition of the pair.

Tests designed to determine the effects of oxygen pressure on the
results of frictional heating appeared to indicate that the greater heat
rates per unit area required to ignite metals at high pressures resulted
from increased convective heat losses from the test samples.



" PREFACE

This interim report addresses the test series that resulted from three
‘test plans written at the NASA White Sands Test Facility in response to a
request from the NASA Lewis Research Center to determine the relative
compatibility of selected turbopump materials in gaseous oxygen. The
first test plan, Determination of the Ignition Sensitivity of Selected
Turbopump Metals in High Pressure, High Temperature, Oxygen Environments
(TP-WSTF-324), proposed tests in which eight materials were impacted with
particles in hot, high-pressure oxygen and nine materials were heated
frictionally in high-pressure oxygen. The second test plan, TP-WSTF-324
ADDI, proposed tests in which pairs of different materials were rubbed
together in high-pressure oxygen to induce frictional heating. The third
test plan, Evaluation of Pressure Effects in the WSTF Friction Rubbing
Test System (TP-WSTF-356), proposed tests to determine the effects of the
test gas pressure on the results of frictional heating tests. Testing
proposed in the first and third test plans has been completed, and six of
the eight tests proposed in the second test plan have been completed.
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Table C-1.

Particle Impact Tests on Hastelloy X Configured as Impact

Plates
Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results

129.01 762 4525 Sample Partially Burned
130.01 815 4511 Sample Partially Burned
132.01 779 4477 No Burning

133.01 751 4588 No Burning

134.01 758 4553 No Burning

135.01 748 4574 No Burning

136.01 794 4553 Sample Partially Burned
138.01 781 4523 No Burning

139.01 778 4539 Sample Partially Burned
140.01 759 4504 No Burning

156.01 795 4518 Slight Evidence of Burning
158.01 754 4532 No Burning

159.01 764 4539 No Burning

160.01 743 4525 No Burning

161.01 759 4490 Sample Partially Burned
162.01 701 4539 No Burning

163.01 730 4581 . No Burning

164.01 738 4532 Sample Partially Burned
167.01 705 4650 No Burning
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Table C-2. Particle Impact Tests on Invar 36 Configured as Impact Plates

Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results
69.01 710 4500 No Burning
70.01 726 4511 Sample Completely Burned
71.01 799 4477 Sample Completely Burned
72.01 699 4400 No Burning
73.01 714 4504 No Burning
74.01 722 4497 Sample Completely Burned
75.01 687 4539 No Burning
76.01 693 4490 No Burning
77.01 684 4497 No Burning
78.01 726 4518 Sample Completely Burned
168.01 730 4560 Sample Completely Burned
169.01 681 4504 Sample Completely Burned
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Table C-3. Particle Impact Tests on Monel K-500 Configured as Impact

Plates
Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) _ Results
102.01 753 4525 No Burning
103.01 775 4539 No Burning
104.01 782 4532 No Burning
105.01 782 4490 No Burning
106.01 777 4601 No Burning
107.01 822 4567 Slight Evidence of Burning
108.01 825 4456 No Burning
124.01 779 4511 No Burning
125.01 796 4453 No Burning
126.01 769 4608 No Burning
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Table C-4. Particle Impact Tests on Monel 400 Configured as Impact Plates

Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results

93.01 718 4483 No Burning
94.01 772 4518 No Burning
95.01 714 4483 No Burning
96.01 774 4477 No Burning
97.01 794 4497 No Burning
98.01 736 4483 No Burning
99.01 725 4393 No Burning
100.01 786 4372 No Burning
127.01 775 4532 No Burning
128.01 767 4546 No Burning
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Table C-5. Particle Impact Tests on Nickel 200 Configured as Impact Plates

Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results
15.01 522 4546 No Burning
15.02 629 4594 No Burning?
15.03 677 4747 No Burning®
15.04 706 4553 No Burning?
15.05 655 4581 No Burning®
15.06 700 4511 No Burning®
15.07 720 4629 No Burning®
15.08 . 714 4567 No Burning®
15.09 708 4567 Slight Evidence of Burning®
15.10 700 4594 No Burning®
110.01 789 4560 No Burning
111.01 816 4574 No Burning
112.01 814 4560 No Burning
113.01 821 4532 No Burning
114.01 794 4407 No Burning

a: Test done using some impact plate that was used in previous test.
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Table C-6. Particle Impact Tests on Silicon Carbide Configured as Impact

Plates
Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results
148.01 818 _ 4581 No Burning?
149.01 604 4560 No Burning?
150.01 787 4553 No Burning
152.01 773 4553 No Burning
153.01 792 4525 No Burn'inga
154.01 762 4643 No Burning?
155.01 780 4525 No Burning

a: Impact plate shattered on impact.



Table C-7.

Particle Impact Tests on Stainless Steel 316 Configured as

Impact Plates

Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results

43,01 631 4553 Sample Completely Burned
47.01 469 4574 Sample Completely Burned
49.01 441 4504 No Burning

50.01 443 4483 Sample Completely Burned
53.01 480 4449 Sample Completely Burned
54.01 476 4581 No Burning

55.01 435 4456 No Burning

58.01 498 4560 No Burning

62.01 606 4574 No Burning

63.01 617 4525 Sample Partially Burned
64.01 592 4546 No Burning

65.01 644 4407 No Burning

66.01 631 4483 Sample Completely Burned
67.01 623 4574 No Burning

141,01 560 4490 No Burning

142.01 518 4532 No Burning

143.01 478 4483 No Burning

144,01 467 4511 No Burning

172.01 495 4532 Sample Partially Burned
173.01 454 4574 Sample Patially Burned
174.01 439 4483 No Burning

175.01 459 4581 Sample Completely Burned
176.01 425 4497 No Burning

a:

Impact plate shattered on impact.
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Table C-7. Particle Impact Tests on Stainless Steel 316 Configured as
Impact Plates (Continued)

Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results
177.01 421 4532 No Burning
178.01 436 4643 No Burning
179.01 423 4629 Sample Partially Burned
180.01 403 4490 No Burning
181.01 401 4483 Sample Partially Burned
182.01 392 4477 No Burning
183.01 385 4525 No Burning




Table C-8. Particle Impact Tests on Zirconium Copper Configured as Impact

Plates
Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) Results
80.01 696 4608 No Burning
81.01 788 4379 No Burning
82.01 728 4477 Slight Evidence of Burning
83.01 756 4449 Slight Evidence of Burning
84.01 755 4615 No Burning
117.01 726 4546 No Burning
118.01 781 4546 No Burning
119.01 789 4560 No Burning
120.01 773 4497 No Burning
121.01 758 4463 No Burning
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Table C-10. Particle Impact Tests on Stainless Steel 316 Configured as
Rupture Disks 0.38 mm (0.015 in) Thick

Inlet Gas Inlet Gas
Temperature Pressure
Test Number (°F) (psig) : Results
25.02 274 4497 No Rupture, No Burning
26,01 294 4511 No Rupture, No Burning
27.01 367 4460 Rupture, No Burning
28.01 468 4463 Rupture, No Burning®
29.01 438 4574 Rupture, No Burning

a: Disk ruptured prior to injection of particles.
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TEMPERATURE (DEG F)
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TEMPERARTURE (DEG F)
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THERMOPILE OUTPUT (1-/100MV)
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171206

17080

TIME (SECONDS)
D-26



CHAMBER PRESSURE (PSIG)

1200

1800

800

6@e

400

200

FRT #194

SAMPLES: INCONEL 600
TEST RESULTS: RERCTION

SPEED: (?@068 RPM (6?7 FT/SEC)
PRESS: 10@@8 PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LB-SEC (24 PSI-SEC)

o
20
40
60 1
12

100

- TIME (SECONDS)
D-27



TEMPERATURE (DEG F)

rg1a1%)

1660

1200

660

400

FRT #194

SAMPLES: INCONEL 680
TEST RESULTS: RERCTION

SPEED: 17?0868 RPM (67 FT/SEC)
PRESS: 108@0 PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LB-SEC (24 PSI-SEC)

.
+— TC-AK?02 P
1 O—— TC-AHK?763

%—— TC—RK?84

~
!
=
2
™
(D

TIME (SECONDS)
D-28

S



SAMPLE DISPLACEMENT C(INCHES)

FRT #194

SAMPLES: INCONEL 690
TEST RESULTS: RERCTION

SPEED: 1?7@68 RPM (6? FT/SEC)
PRESS: |@@@ PSIG

TYPE OF LOAD: INCRERASING

LOAD RRTE: 7 LB/SEC (24 PSI-SEC)

-389 -
20D
Tt
3
. 108
8.60D
—-IBB + + $
1Y) L] ® Ay X 8
N < (41] (8]

TIME (SECONDS)
D-29



CHAMBER TORQUE LORD (POUNDS)

4B

3B

2o

1D

FRT #1384

SAMPLES: INCONEL 600

TEST RESULTS:

REACTION

SPEED: 17888 RPM (87 FT/6EC)

PRESS: 1888 PSIG

TYPE OF LOAD: INCREARSING
LORD RATE: 7 LB-SEC (24 PSI-/SEC)
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COEFFICIENT OF FRICTION

.08

.60

.20

.48

. 88

.68

.20

.80

FRT #184

SAMPLES: INCONEL 680
TEST RESULTS: RERACTION

SPEED: (?@B8 RPM (67 FT/SEC)
PRESS: 1088 PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LB~SEC (24 PSI~/SEC)

TIME (SECONDS)
D-31



SAMPLE LORD (POUNDS)

800

rd= =]

600

1%)%

400

302

200

100

FRT #1895

SAMPLES: INCONEL 600

TEST RESULTS: RERCTION

SPEED: 1?7808 RPM (B? FT4SEC)
PRESS: (9880 PSIG
TYPE OF LORD: INCRERSING

LOAD RATE:

7 LBsSEC (24 PSI/SEC)

TIME (SECONDS)
D-32



RPM (REVOLUTIONS PER MINUTE)

FRT #185

SAMPLES: INCONEL 600
TEST RESULTS: RERACTION

SPEED: 17@8@ RPM (6? FT/SEC)
PRESS: 108@@ PSIG

TYPE OF LORD: INCREASING

LORD RATE: 7 LB/SEC (24 PSI~-SEC)

17280

17270

172350

17230

17210 ¢

17190

17170

17150

17130

1?118 L L] L] + T LS

e
ca
40
60

TIME (SECONDS)

D-33



bio

CHAMBER PRESSURE (PSIG)

FRT #185

SAMPLES: INCONEL 600
TEST RESULTS: RERCTION

SPEED: (?@88 RPM (67 FT/SEC)
PRESS: 10888 PS1G

TYPE OF LORD: INCRERSING

LORD RATE: 7 LB-/SEC (24 PSI~SEC)

1208 ¢

NN BT NN ESN rawt
LELBA A A LA M B S 2 2 B B §

1600

-1-1=)

680 1

420

280 ¢

j»
-
¥
4
+
-

TIME (SECONDS)
D-34
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TEMPERATURE (DEG F)

4%1%]%]

1660

12808

8ee

480D

FRT #1395

SAMPLES: INCONEL 600
TEST RESULTS: RERCTION

SPEED: 17888 RPM (67 FT/SEC)
PRESS: 1080 PSIG
TYPE OF LORD: INCREASING

LORD RARTE: 7 LB-SEC (24 PSI-SEC)

+-- TC-RK782
O—- TC-RK?83
*¥—-- TC-RK?704

a
20
40

TIME (SECONDS)
D-35

60



(.

SAMPLE DISPLACEMENT (INCHES)

FRT #1895

SAMPLES: INCONEL 660
TEST RESULTS: RERCTION

SPEED: (1?7888 RPM (67 FT/SEC)
PRESS: 1888 PSIG

TYPE OF LORD: INCRERSING

LORD RATE: 7 LBs/SEC (24 PSI-SEC)

. 360

. COD

. 1008

-.10D

® o
o

40
60

TIME (SECONDS)
D-36



CHAMBER TORQUE LOAD (POUNDS)

FRT #185

SAMPLES: INCONEL 608
TEST RESULTS: RERCTION

SPEED: 17888 RPM (8? FT/SEC)
PRESS: 108@0 PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LB/SEC (24 PSI-/SEC)

e 1 7 RO Sreeeeccccsnanan geecrecccrncncas. e meesasrcacicas e teserecteccercsccsancnanacena nesesenccscnaans X
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[ ]

COEFFICIENT OF FRICTION

.00

.68

.20

.86

.48

. 80

.60

.20

.80

.48

.00

FRT #185

SAMPLES: INCONEL 600
TEST RESULTS: RERCTION

SPEED: 17888 RPM
PRESS: 1886 PSIG
INCREAS ING

LOARD RATE: 7 LB-SEC (24 PSI/SEC)

TYPE OF LOAD:

(67 FT/SEC)

()
v

TIME (SECONDS)
D-38
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SAMPLE LOAD (POUNDS)

800

722

600

S8

4102

360

ceo

180

FRT #1396

SAMPLES: INCONEL 600
TEST RESWLTS: RERCTION

SPEED: 1?8068 RPM (67 FT/SEC)
PRESS: 1888 PSIG

TYPE OF LORD: INCRERSING

LOARD RATE: 7 LB/SEC (24 PSI~-SEC)

20
40

a
w

TIME (SECONDS)
D-39

80

1

160



L3

RPM (REVOLUTIONS PER MINUTE)

17240

FRT #186

SAMPLES: INCONEL 600
TEST RESULTS: RERCTION

SPEED: 170888 RPM (67 FT/SEC)
PRESS: 1980 PSIG

TYPE OF LORD: INCRERSING

LORD RATE: 7 LB~SEC (24 PSI-/SEC)

17280

172200

17160

17120

17080

4
4

TIME (SECONDS)
D-40



CHAMBER PRESSURE (PSIG)

1200

1880

=17%]%)

400

200

FRT #1386

SAMPLES: INCONEL 600
TEST RESULTS: REACTION

SPEED: 17880 RPM (6? FT/SEC)
PRESS: 1880 PSIG

TYPE OF LORD:

INCRERSING

LOARD RATE: 7 LB/SEC (24 PSI-SEC)

o
<

60

TIME (SECONDS)
D-41

80

100



TEMPERATURE (DEG F)

2000

1600

1200

goee

400

FRT #1836

SAMPLES: INCONEL 600
TEST RESULTS: RERCTION

SPEED: 17888 RPM (67 FT/SEC)
PRESS: 1888 PSIG

TYPE OF LOARD: INCRERSING

LOARD RATE: 7 LB-SEC (24 PSI-SEC)

T'
+—— TC—AK7ez
1 O— TC-AK7@3
*—— TC-AK?D4
. ."‘g’l“ \&
.-,.-".::;"v |
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‘ .".4".°c' . ol -
S . - & & 8
1] © o ; —‘

TIME (SECONDS)
D-42



SAMPLE DISPLACEMENT C¢INCHES)

SPEED:
PRESS:
TYPE OF LORD:

FRT #196

SAMPLES:

INCONEL 680

TEST RESULTS: RERACTION

1?7888 RPM
18@8 PS1G

(6?7 FT/SEC)

INCRERS ING

LOAD RARTE: 7 LB-SEC (24 PSI-SEC)

. 30D

.20D

. 180

-.180

%]
20

40

AY)
w

TIME (SECONDS)

D-43

80

100



CHAMBER TORQUE LOAD (POUNDS)

4B

38

2o

10

FRT #1386

SAMPLES: INCONEL 680
“TEST RESULTS: RERCTION

SPEED: (7888 RPM (67 FT/SEC)
PRESS: 1880 PSIG
TYPE OF LORD: INCRERSING

LOAD RATE: 7 LBs/SEC (24 PSI/SEC)

20
40
60

TIME (SECONDS)

D-44
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COEFFICIENT OF FRICTION

lae

.60

.20

.40

.00

.60

.20

.40

.08

FRT #186

SAMPLES: INCONEL 600
TEST RESULTS: REACTION

SPEED: 17?068 RPM (6? FT/SEC)
PRESS: (@88 PSIG

TYPE OF LORD: INCRERSING

LORD RATE: ? LB/SEC (24 PSI/SEC)

l
<+
1
»*
*
b ¥ a¢
e %o %
Pl UL VN L Do e L T L
Q 0 Q L] Q
N < (fs] w

TIME (SECONDS) .
D-45



SAMPLE LOAD (POUNDS)

800

rg =%

660

% %)
400
300
260

100

FRT #1438 TEST %2 6716783

SAMPLES: INVAR 3&
WSTF NO.: B83—1t030.
RPM: 1700B

PREES: 18B0 PSIG
LOARD: INCREASING

LORD RATE: 7 LB/SEC

RERCTION

® ’ ®
-t N

TIMEZ (SECONDS)

D-46

30



RPM (REVOLUTIONS PER MINUTE)

17090

170670

17650

17030

170108

16990

1639790

FRT #1483 TEST #2 6-16-83

SAMPLES: INVAR 36
WETF NO.: 83-16030
RPM: 17004

PRESS: 1@0Ga PSIG
LOAD: INCRERASING
LOARD RATE: ? LB/SEC
REACTION -

10
20

TIME (SECONDS)

D-47



CHAMBER PRESSURE (PSIG)

FRT #1488 TEST #2 b-16-83

12080 N
1000
800
680 1 SAMPLES: INVAR 36
WSTF NO.: 83—1e©30
RPM: 170D0
PRESS: 1B@@ PSIG
s00 4 LOAD: INCRERSING
LORD RATE: 7 LB/SEC
RERCTION
2080
a B | 1 ks LBE L
(] {an] [ ]
- ng

TIME (SECONDS)

D-48

30



TEMPERATURE (DEG F)

4%]%1%)

1680

1208

800

428

FRT #1483 TEST #2 6-16-83

SAMPLES: INVAR 36
WSTF NO.: B3-l\e0d0
RPM: 17000

PRESS: 1988 PSIG
LOAD: INCRERSING
LOAD RATE: ? LBs/SEC
REACTION

10
e

TIME (SECONDS)

D-49

3a



THERMOPILE OUTPUT (17108MV)

439350

3850

23850

18350

350

FRT #1438 TEST 42 6-16/83

TT-RK?@8

SAMPLES: INVAR 36

WSTF NO. :

RPM: 17P0O

83-\e030

PRESS: 1898 PSIG
LORD: INCREARSING

LORD RATE: ? LB/SEC
RERCTION
[w] (] Q
- (q7] m

TIME (SECONDS)

D-50



iy

SAMPLE DISPLACEMENT (INCHES)

.2B0

. 150

. 180

.050

a.0ep0

-.830e

FRT #148

TEST #2 6-16/83

SAMPLES: INVAR 36
WSTF NO.: 83-10%

RPM: 170080

PRESS: 1088 PSIG
LORD: INCRERSING

LORD RARTE: 7 LB/SEC

REARCTION

''' — v L g T g

-----------

-y

[~
-—

o
o

TIME (SECONDS)

D-51
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CHAMBER TORQUE LORD (POUNDS)

20

10

FRT #1488 TEST #2 671683

................................

..................... M serenrcesenccsccncorestsnastcccsrnrrsscasncscrsssocsnsana
] " » (]

......................................................................

SAMPLES\ { ENVAR 36

SRS TP T S RN S SO A0S OO

RPM: 1708094
PRESS: 1880 PSIG
L. CRAD: INCRERSING :
: LORD RATE: ? LB-SEC
: RERCTION :
(wv] S [av) CQ
- ad m

TIME (SECONDS)

D-52



COEFFICIENT OF FRICTION

. ae T

. se T

.20 1

.80 1

.40 ¢

.ae

FRT #1483 6-17/83

) ’ 8
——t

TIME (SECONDS)

D-53




SAMPLE LORD (POUNDS)

800

rq =%

686

Sev
400
éBG
200

100

FRT #150 TEST #I 6~17-83

SAMPLES: INVAR 36
WSTF NO.: 83— (6030
RPM: 17008

PRESS: 1888 PSIG
LORDC: INCRERSING

LORD RATE: 7 LB/SEC

RERCT ION

o
-

20

TIME (SECONDS)

D-54°

30



RPM (REVOLUTIONS PER MINUTE)

17100

17060

17060

17040

17020

17000

16980

FRT #158 TEST +#1 6-17-83

SAMPLES: INVAR 36
WSTF NO.: 83-1e030
RPM: 17000

PRESS: 100@ PSIG
LOAD: INCREASING
LOAD RATE: 7 LB/SEC
REACTION -

10

a
7]

TIME (SECONDS)

D-55



CHAMBER PRESSURE (PSIG)

12006

1eae

8ae

(Y 5]%)

420

2d0e

FRT #1580 TEST #1 &-17-83

SAMPLES: INVAR 36
WSTF NO.: 83—-\e030
RPM: 170DB0

PRESS: 1886 PSIG
LORD: INCRERSING
LORD RATE: 7 LBrSEC
RERCTION

©

16

0
nJ

TIME (SECONDS)

D-56

30



TEMPERATURE (DEG F)

cedoe

1680

12808

8ae

400

FRT #1500 TEST #1 6-17-83

SAMPLES: INVRR 36
WSTF NO.: 83-\.o30
RPM: 17008

PRESS: 19888 PS1IG
LORD: INCRERSING
LOAD RATE: ? LBs/SEC
REACTION

10
co

TIME (SECONDS)

D-57




THERMOPILE OUTPUT (1/1808MV)

1950

850

FRT #15@ TEST #1 6-17/83

TT-AK?83

SRARMPLES: INVAR 36
WETF NO.: 83-1e030
RPM: 17000

PRESS: 180808 PSIG
LOAD: INCRERSING .
LORD RATE: 7 LB/SEC
RERCTION

o S
- 91]

TIME (SECONDS)

D-58

3a



SAMPLE DISPLACEMENT (INCHES)

. 2080

. 150

. 1002

.850

a.0p2

-.830

FRT #150 TEST #1 6-17-83

SAMPLES: INVAR 36
WSTF NO.: 83-1e030
RPM: 17800

PRESS: 1008 PSIG
LORD: INCREASING
LOARD RATE: 7 LB/SEC
RERCTION

S
—

TIME

0-59

o
LY

(SECONDS)

30



CHAMBER TORQUE LOAD (POUNDS)

20

18

FRT #1350 TEST #1 6717783

T L L LT R e e S bbbl et St

......................................................................................................

170009

1888 PSIG
INCREARSING
D RATE: ? LB~ SEC
CTION i E
(Y] o o a
- o ™

TIME (SECONDS)

D-60



COEFFICIENT OF FRICTION

a-aa T

FRT #1568 6-17-83

.80

1)
10

. !
308

TIME (SECONDS)

D-61



SAMPLE LOARD C(POUNDS)

800

700

660

] %]
400
300
208

100

FRT #154 TEST #1 6-21/83

SAMPLES: I
WSTF NO.:

RPM: 17080
PREES: 106D

LORD: INCR
LORAD RATE:
RERCTIGON

NYAR 36

83-16030 -

@ PSIG
EARSING
7 LB/SEC

10

Y
o

TIME (SECONDS)

D-62

1%

40



RPM (REVOLUTIONS PER MINUTE)

FRT #1554 TEST 41 6/21-83

17100 +
17080 4
17060 SRAMPLES: INVAR 35
1 WETF NO.: 83-16030
RPM: 17084 .
178409 PRESS: 1@#3838 PS1G
LOAD: INCREASING
LOAD RARTE: ? LB/SEC
17020 + REACTION
172080
16980
16960
15840 + L L] LJ ¥ 11
[+ 9] [n] (] &
-— N (4] <

TIME (SECONDS)

D-63



CHAMBER PRESSURE (PSIG)

1280

10008

gge

%1%}

4080Q

200

FRT #154 TEST #1 6-21-83

NS o e g |

SAMPLES: INVAR 3§
WSTF NO.: 8§3-14030
RPM:
PRESS: 1b0BB PSIG
LORD: INCRERSING
LOAD RARTE: ? LBr/SEC
RERCTION

17080

(%
10

r4%)

TIME (SECONDS)

D-64

4Q



TEMPERATURE (DEG F)

coae

1600

1280

g@gae

400

FRT %154 TEST #1 62183
SAMPLES: INVRR 36 '

WSTF NO.: 83-\e030 K;
RPM: 17000

PRESS: 1B@B PSIG
LORID: INCRERSING

LOARD RATE: ? LB/SEC
RERCTION

) Q
- 2]

30

TIME (SECONDS)

D-65

40



THERMOPILE OQUTPUT (1/188MV)

4350

38350

29508

1850

850

FRT #154 TEST #|

TT-RK?7@5

SAMPLES: INVAR

WSTF NO.: 83-
RPM: 17Db00

PRESS: 1800 P$

1IG
[N
SEC

LOAD: INCREAS
LOAD RATE: ?
RERACTION

b

6721783

+

36
16030

i
xxxxxxxxxxx

TIME (SECONDS)

D-66

4Q



SAMPLE DISPLACEMENT (INCHES)

.3806

.2P0o

. 180

a.0eBo

-.1D00

FRT #154 TEST #1

SAMPLES: INVAR 36
WSTF NO.: 83-1k030
RPM: 17088

PRESS: 1008 PSIG
LOAD: INCRERSING
LOAD RATE: ? LB-/SEC
REACTION .

621783

I

10
co

30

TIME (SECONDS)

D-67

A



CHAMBER TORQUE LORD (POUNDS)

20

10

FRT #154 TEST 1 621,83

...........................................................................................................
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SHNPLES INVHR 35

-------------- 1 LTS s - YU SO, S SO

RPN: 1?eaa :
PRﬁSS 1aae PSIG !
LOAD: INCRERSING :
LOAD RATE: ? LB-SEC
REACTION : s

%
1@ {---eereermmrmnennnes

» . . .
L ¥ L] L)

(]
47}

30

TIME (SECONDS)

D-68

40



i

COEFFICIENT OF FRICTION

FRT 4154 621,83

2.00
T
+
t
1.68
1 .
dbﬁ.
I B H ; _
a. L] L L LI T L) ¥ LLJ . v L] R 4 - )
) e 0 Q
-t V] m

TIME (SECONDS)

D-69



SAMPLE LORAD (POUNDS)

806
260

660

480
3ea
200

180

FRT #179

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: 1?88 RPM (€87 FT/SEC)
PRESS: 1080 PSIG

TYPE OF LOAD: INCREASING

LOAD RATE: 7 LB-SEC (25 PSI-SEC)

co
40

TIME (SECONDS)
D-70

60



RPM C(REVOLUTIONS PER MINUTE)

FRT #1783

SAMPLES: MONEL K-580
TEST RESULTS: RERCTION

SPEED:
PRESS:
TYPE OF LORAD:
LORD RATE:

17240

17200

17160

17120

170808

17040

17866 RPM
18@B PSIG
INCREAS ING

7 LBSEC (25 PSI~-SEC)

(67 FT/SEC)

¥ L ¥ L

o e
o <

TIME (SECONDS)

D-71

60



CHAMBER PRESSURE (PSIG)

1200

10006

800

608

400

200

FRT #178

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: 17@80@ RPM (67 FT/SEC)
PRESS: 1088 FPSIG

TYPE OF LORD: INCREARSING

LOARD RRTE: ? LBs/SEC (25 PSI-SEC)

(o] e
o

40

TIME (SECONDS)

D-72

60



TEMPERARTURE (DEG F)

FRT #1779

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: 1?@88 RPM (67 FT4SEC)
PRESS: 1880 PSIG

TYPE OF LOAD: INCRERSING

LOARD RARTE: 7 LB/SEC (25 PSI-SEC)

T
+-- TC-RAK?02
2008 + O-- TC-RK?783
%-- TC—-RAK704
1600
-
1200 '
_ e ;
800 1 8
o1 o
- W ~=2'4
482 t A ”
; Pog”
B W + -y T ‘.L mi
S © a
od -

TIME (SECONDS)
D-73

60



THERMOPILE OQUTPUT (1-18@MV)

TT-RAK? 85

96

’e

1)

38

10

-30

FRT #1798

SAMPLES: MONEL K-50@0
TEST RESULTS: RERCTION

SPEED: 1?8808 RPM (6?7 FT/SEC)
PRESS: 1800 PS1G

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LB-/SEC (23 PSI~SEC)

T T T

S o
o

4Q

TIME (SECONDS)
D-74

6@



SAMPLE DISPLACEMENT (INCHES)

FRT

#1783

SAMPLES: MONEL K-500
TEST RESULTS: REACTION

SPEED: 17?068 RPM (6?7 FTASEC)

PRESS: 10@@ PSIG

TYPE OF LOAD: INCREASING

LOAD RATE: 7 LB-SEC

. 308

. 20D

. 100

8.006Db '- bbbt : |

-.108

(25 PSI-SEC)

T Ll L

o
o

40

TIME (SECONDS)

D-75

60



CHAMBER TORQUE LORD (POUNDS)

30

4%}

18

FRT #179

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: 17888 RPM (67
PRESS: 1888 PSIG

TYPE OF LORD:

LOARD RATE:

7 LBrSEC

FT/SEC)

INCRERSING

(25 PSI-SEC)

L

S
o

TIME
D-76

40

(SECONDS)

oY



.
S |

COEFFICIENT OF FRICTION

.08

.60

.20

.ae

.48

.88

.60

.20

.80

.40

. BB

SPEED:
PRESS:

TYPE OF LORD:

FRT #1789

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

1?0808 RPM (6?7 FTASEC)
1088 PSIG

INCRERSING

LOAD RATE: 7 LBs/SEC (25 PSI-SEC)

TIME (SECONDS)
0-77

60



SAMPLE LORD (POUNDS)

800

rd ==

6060

1% ]%)

400

3@a

2008

100

FRT #1880

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: 17888 RPM (6? FT/S8EC)
PRESS: 10@8 PSIG
TYPE OF LORD: INCREASING

LOAD RATE:

7 LB/SEC (25 PSI~-SEC)

10

L * L L]

(W]
o

30

TIME (SECONDS)
D-78

40

50



RPM (REVOLUTIONS PER MINUTE)

FRT #1680

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: (7880 RPM (67 FT/SEC)
PRESS: (08B PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: ? LB/SEC (25 PSI-SEC)

172580

17218 ¢

17170

17130
17@30
17050 {
B
l?ela L LS L] L L] L} L] L] L] L
] ] Q B Q o
— [3Y} m < ']

TIME (SECONDS)
D-79

N



CHAMBER PRESSURE (PSIG)

FRT #180

SAMPLES: MONEL K-580
TEST RESULTS: RERCTION

SPEED: 17?860 RPM (67 FT/SEC)
PRESS: 1@@@ PSIG

TYPE OF LORD: INCRERSING

LOARD RRTE: 7 LBs/SEC (25 PSI/SEC)

16006

800

600
400
41
e ] LS T T
Q Y] S o Q
- o ) -

TIME (SECONDS)
D-80

C -+

]%)



TEMPERATURE (DEG F)

ceoe

1600

1208

800

400

FRT #1880

SAMPLES: MONEL K-5080
TEST RESULTS: RERACTION

SPEED: 7086 RPM (67 FT/SEC)
PRESS: 1880 PSIG

TYPE OF LORD: INCRERSING

LORD RATE: 7 LBsSEC (25 PSI~/SEC)

+-- TC-AK?782
O-- TC-RK?@3
®—= TC-RK784 W

2
10
20
3p
40

TIME (SECONDS)
D-81

30



TT-AK?@5

THERMOPILE OUTPUT (1-/108MV)

FRT #180

SAMPLES: MONzlL K-580
TEST RESULTS: RERCTION

SPEED: 1?d68 RPM (867 FT/SEC)
PRESS: 18@9 PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LBrsSEC (23 PSI-SEC)

158
138 1§
1@ 1 -
se
70

30 1t

i ¢4
-10

-306

-58 ¥ v ¥ L4 T T

TIME (SECONDS)
D-82

40
50



SAMPLE DISPLACEMENT (INCHES)

FRT #1880

SAMPLES: MONEL K-500
TEST RESULTS: RERACTION

SPEED: 17?0008 RPM (6?7 FT/SEC)
PRESS: 1880 PSIG

TYPE OF LOAD: INCRERASING

LORD RATE: 7 LB-SEC (25 PSI~/SEC)

.36

r{=]%

. 108

-olaB ¥ ] T ¥

(x) e e Q
- 4] o

40

TIME (SECONDS)
D-83

50



CHAMBER TORQUE LORD (POUNDS)

FRT #180

SAMPLES: MONEL K-580
TEST RESULTS: RERACTION

SPEED: [(7d0B RPM (67 FT/6EC)
PRESS: (08@0 PS1G

TYPE OF LOAD: INCRERSING

LOARD RATE: 7 LBsSEC (25 PSI~SEC)

36

2D

' H . h ' ' . h
' H . . ' . . h ’
. H ' h H ' i . H
. " » . » L] . L] . 1]

12 o R
. . h . " v " . '
. L] * . L] . . e .
. . . . . . . . []
.

...................................................................................................................

uv] () ® © o)
—— ) N m )

50

TIME (SECONDS)
D-84



COEFFICIENT OF FRICTION

4.00

3.60

c.80

c.00

1.68

1.20

.80

.40

FRT #180

SAMPLES: MONEL K-580
TEST RESULTS: RERCTION

SPEED: 17888 RPM (67 FT/SEC)
PRESS: 1@@0 PSIG

TYPE OF LOAD:

INCRERSING

LORD RATE: 7 LB-SEC (25 PSI~-SEC)
+
*
%
¥
* %*
*x % * o
1 x ¥ K ¥y Rumy *F
T T T * *l****’le* **l* **l ***t* 1
Q © ® © ©
L] [qV] m - o

TIME (SECONDS)
D-85



SAMPLE LORD C(POUNDS)

=172

700

6008

582

400

200

200

186

" FRT #181

SAMPLES: MONEL K-500
TEST RESULTS: RERACTION

SPEED: (7888 RPM (67 FT/SEC)
PRESS: (@88 PSIG
TYPE OF LOAD: INCRERSING

. LORD RATE: 7 LBs/SEC (23 PSI~SEC)

v Al 7 v

ce

[
<«

TIME (SECONDS)
D-86

60



RPM (REVOLUTIONS PER MINUTE)

FRT #181

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

' SPEED: 17@88® RPM (8?7 FT/SEC)
PRESS: 10888 PSIG
TYPE OF LOAD: INCRERSING
LOAD RRTE: 7 LB-SEC (25 PSI-SEC)

17240
17220
I?EBB
171808
17160
17140
172128
17100
17080
17060

17040

T A ] )

o o ©
) o -

TIME (SECONDS)
D-87

60



CHAMBER PRESSURE (PSIG)

1200

1ee0

geo

600

480

200

FRT #181

SAMPLES: MONEL K-5008
TEST RESULTS: RERCTION

SPEED: (7888 RPM (6?7 FT/SEC)
PRESS: 1888 PSIG

TYPE OF LORD: INCREARSING

LOARD RARTE: 7 LB-SEC (23 PSI~-SEC)

L] ¥ L] LS L]

s ® « ©
oJ -

TIME (SECONDS)
D-88

60



TEMPERATURE (DEG F)

4%]1%]1%)

1600 {

12008

800

408

®

FRT #181

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: 17888 RPM (67 FT/SEC)
PRESS: 108@8 PSIG

TYPE OF LOAD: INCREARSING

LOARD RATE: ? LB-SEC (25 PSI~/SEC)

+-=- TC-RK?782
O—- TC-AK?83
*®—- TC-AK704

S © S
_ o -

TIME (SECONDS)
D-89

60






THERMOPILE QUTPUT (1-/188MV)
TT-AK2085

PRECEDING PAG

FRT #181

SAMPLES: MONEL K-500
TEST RESULTS: RERCTION

SPEED: (7008 RPM
PRESS: 18@8 PSIG

(67 FT/SEC)

TYPE OF LOAD: INCRERSING
LOAD RATE: ? LB-/SEC (25 PSI~SEC)

158 «
130
118 1
L1z
78
s |
10 |
e |

-1@ 1

E BLANK NOT FILMED

ce
40

TIME (SECONDS)

D-91

60



SAMPLE DISPLACEMENT (INCHES)

FRT #181

SAMPLES: MONEL K-500
TEST RESULTS: RERACTION

SPEED: 1?7868 RPM
PRESS: 1080 PSIG

(67 FTASEC)

TYPE OF LOAD: INCREASING
LOAD RATE: 7 LB~SEC (25 PSI/SEC)

1388 "

200 1

. 10D

0.000

-olea ¥

LS T ]

~Y)
9]

40

TIME (SECONDS)
D-92

60



CHAMBER TORQUE LOARD (POUNDS)

4B

30

-4

18

«

SPEED:
PRESS:

FRT #181

SAMPLES: MONEL K-56@
TEST RESULTS: RERCTION

1788 RPM (67 FT/SEC)
1880 PSIG

TYPE OF LOAD: INCREASING
LOARD RATE: ? LB/SEC (25 PSI~-SEC)

..................................................................................................................

[ [ . 1)

" 1] . . .
» L] » . .
1] L » . .
1] £ 1] . .
. . » L3 .
. , » - 1
* * . . .
[ L] 1 ] . 1 L)
[ 1) * . .

1 1 3 ’ »
devcocroconccancen qe*rscscscscnssencse qecscerrcrvsacsnnen Meseasssccnsenccons oo ¢ T errTrsccnssnancan fomemcsscansnnccane +
» e ’ 1] L) .
. . [ L] . L]
. . . 13 . .
. [} . 1] . .
[ . L] . . .
L] . ] ] . .
. . * - . . .
[ . L] . . .
. . . . [
.................. deeassrasticacncrecducnacne s Heneanaaide T M|
[ . ] . £ ]
. ’ L] 1] [
. 1] L] . 1]
’ . 1] . »
. L) . "
. . . .
* . 1] .
e 1] L ]
H H
. :
........................................................................................
. . *
1] . . 1] L]
. . : . .

L . 1 [}

. . . . ?
. . L] L]
" . . [ [
. . . ’
. 1] . L]
. . [ »
.........................................................................................................

. . . .
. 1) . . . .
. L] . . . 3
. " . . . .
. " 1] . . .
. . » . . .
* " . . . L]
. 1] " . . t
L] 1] . [ 1] .
. . . . . [}
.................. J'......--...........:..-...............a..................-.'s..-...............:........--.........:
. L] . . . 1]
. ’ . . . .
[ ] . [] [ " .
1] . [ . . [
. L) . . . .
. L) ] . . [
1) 1] . » L) .
. . [ L) L) L]
L) » 1 . .
.................. R L L LT L S SO
. [ » ’ .
* 1] . . .
. L] ’ . .
L3 1] . . .
. 1] » . .
. 1] . L] .
[ 1] [ » »
. 1] L] ’ »
[} 1] . L] .
L + . 1] .
...................................................................................................................
. 1] . . .
1] 13 . . .
1] ’ L] . »
. L] . . »
. + * » 1]
L3 . . . 1]
1] [ . L) .
. ’ 1] L] *
' H H : .
L » ’ . *
LJ v ¥ L) ¥ ]

TIME (SECONDS)
D-93 '



COEFFICIENT OF FRICTION

.00

.68

.20

.80

|4a

.88

.60

.28

.40

.00

FRT #181

SAMPLES: MONEL K-500
TEST RESWLTS: RERCTION

SPEED: 178808 RPM (67 FT4SEC)
PRESS: l@ea@e PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LBs/SEC (25 PSI-/SEC)

TIME (SECONDS)
D-94

60



P
.

SAMPLE LORD (POUNDS)

800
700
Sé@
SBZ
400
2002

200

iee +t

FRT #162 TEST_*E 627783
SAMPLES: MONEL 4Q@

WSTF NO.:
RPM: 17600

ee-

14806 -

PREBS: 10BG PSIG
LOAD: INCREARSING

- - LOAD RATE:
- RERCTION

?

LB/SEC

TIME (SECONDS)

D-94a

50



RPM (REVOLUTIONS PER. MINUTE)

17100

17860

17020

16980

163480

16900

FRT #162 TEST #2 6-/27/83

l$ _"

SAMPLES: MONEL 4060 .-

WETF NO.: 82-148086

RPM: 17004

PRESS: 108002 PSIG

LOARD: INCRERSING
OAD RATE: 7 LBs/SEC

10

20
30

TIME (SECONDS)

D-94b

" 40

508



KR

iy

CHAMBER PRESSURE .(PSIG)<1i s+

[

1280

“lege

gaae

s0@

400

2B8o

FRT 4162 TEST %2 6727783

SAMPLES: MONEL 400
WSTF NO.: 82-14806
RPM: 17000

PRESS: 1BB® PSIG
LORD: INCRERSING
LORD RATE: ? LB/SEC
RERACTION

10

20
30

TIME (SECONDS)

D-94c¢

4Q

50



TEMPERATURE (DEG F)

FRT %162 TEST #2 6-/27-83

T SAMPLES: MONEL 400
WSTF NO.: 82-14806
2e8e + RPM: 17084a

PRESS: 18080 PS1G
LORD: INCRERSING
LOARD RATE: ? LB-/SEC

REACTION _
1680 .

1280

803

420

TIME (SECONDS)

D-94d

s5a



- o8
s

THERMOPILE:OUTPUT (1/18@MV) .

2950

1858

8580

FRT #1862 TEST +#c 6727783

TT-RAK?85

SRAMPLES: MONEL <480
WETF NO.: 82-14806
RPM: 17b@e

PRESS: 1888 PSIG
LOAD: INCREASING
LOAD RATE: ? LB-/SEC
REACTION

- TIME

D-94e

(SECONDS)

=17



SAMPLE DISPLACEMENT (INCHES)

. 300

.2b0

.18

a.0p0

-.100

FRT #162 TEST #2 62783

SAMPLES: MONEL 404
WSTF NO.: 82-14806

1 RPM: 17000

PRESS: .1800 PSIG
LOAD: INCREASING
LOAD .RATE: 7 LB/SEC
REACTION

e
1a A

S o
o m

TIME (SECONDS)

D-94f

40

50



CHAMBER TORQUE LORD (POUNDS)

20

18

FRT #162 TEST *2 6727783

.................................................................................................................

e
10

! -4 ; 22 i ] ; -4 -4
: : i SAMPLES: MONEL 488 i : e
----------- R B L N At £ 1 S SRS SR
: : i RPMii 17000 : : : :
: i i PRESS: 1088 PSIG : :
: : i LORD: INCRERSING : :
: : { LOAD RATE: ? LBrSEC ; :
| REACTION ! ' :
-]
b g

e o
N m

TIME (SECONDS)

D-94g

5@






SAMPLE LORD C(POUNDS)

FRT #163 TEST #3 6-27-/83

8@ SAMPLES: MONEL 42@
WSTF NO.: 82-14806
RPM: 1700D
768 1 PREGS: 1888 PSIG
L LORD: INCREASING
LORD RATE: 7 LB/SEC
608 + RERCT ION
500
420 t :
200
269
100
) -

TIME (SECONDS)

D-95

64



RPM (REVOLUTIONS PER MINUTE)

17630

17850

17010

169708

16930

168390

FRT #1863 TEST #3 &-27783

SAMPLES: MONEL 400
WETF NO.: 82-148086
RPM: 17008@

PRESS: 1@80 PESIG
LOAD: INCREASING
LORD RATE: 7 LBs/SEC
REACTION -

20
40

TIME (SECONDS)

D-96

604



CHAMBER PRESSURE (PSIG)

12406

1000

8ae

("]~

400

2@8

FRT #163 TEST %3 6-27-83

SAMPLES: MONEL 400
WSTF NO.: 82-14806
RPM: 17080 :
PRESS: 1D6O PSIG
LORD: INCRERSING
LORD RRATE: 7 LB/SEC
RERCTION

L ¥ LJ

o
N

40

TIME (SECONDS)

D-97

(Y7}



TEMPERATURE (DEG F)

FRT #1633 TEST #3 62783

WSTF NO. :

2088 ¢ RPM: 17008
PRESS: 1888 PSIG
LORD: INCRERSING

LOAD RATE:
REACTION

16@a

1 SAMPLES: MONEL 4©08

82-14806

7 LBsSEC

I

TIME (SECONDS)

D-98

60



1

THERMOPILE OQUTPUT (1-108MV)

FRT #163 TEST #3 62783

1550

1350 1t

1150

850

750

S50

3soe

150

TT-AK?B5

SAMPLES: MONEL 44
WSTF NO.: 82-1484

RPHM: 17000
PRESS: 1068 PSIG
LORD: INCRERSING

b

I

SE]

LOAD RATE: ? LB/Y
REARCTION

TIME (SECONDS)

D-99

60



SAMPLE DISPLACEMENT (INCHES)

. 30606

.2DBB

. 180

8.080

-.100

FRT #1663 TEST #3 672783

SAMPLES: MONEL 400
WSTF NO.: B82-14806
RPM: 176006

PRESS: 1880 PSIG
LORD: INCREARSING +
LORD RATE: 7 LBs/SEC
RERCT ION '

L L] L L] L

o
oy

40

TIME (SECONDS)

D-100

("]



CHAMBER TORQUE LOAD (POUNDS)

FRT #163 TEST #3 672783
7= R TSI Mttty S — ,

10

T35 18 TR RATDY-1- TS S S
RPM: 17060 : : ;
PRESS: 1888 PSIG :

: LOAD: INCRERSING

; LOAD RATE: ? LB~SEC
; REACTION ' : : :
° : ; : ; ; —
o o ()
o - 4]

TIME (SECONDS)

D-101



SAMPLE LORD (POUNDS)

860

==

660

S8
400
300
200

180

FRT #163 TEST #3 6-27783

SAMPLES: MONEL 400
WSTF NO.: 682-14806
RPM: 1700D

PREES: 10B@ PSIG
LOARD: INCRERSING
LORD RATE: 7 LB/SEC
RERCTION

40

TIME (SECONDS)

D-102

&Q



RPM (REVOLUTIONS PER MINUTE)

170890
I%QSB
17810
16570
16938

168390

FRT #163 TEST #3 &-27/83

SRMPLES: MONEL 400
WETF NO.: 82-14806
RPM: 17004

PRESS: 18818 PSIG
LOAD: INCRERSING
LOAD RATE: 7 LBs/SEC
RERCTION -

(5
20
40
60

TIME (SECONDS)

D-103



CHAMBER PRESSURE (PSIG)

FRT #+163 TEST 43 6-27-83

T
1200
1608 ¢
a1z
SAMPLES: MONEL 480
6ca 1 WSTF NO.: 82-148085
.RPM: 170B0
PRESS: 1BBO PSIG
LORD: INCRERSING
400 1 LORD RRTE: 7 LB/SEC
RERCTION
20D
Z] ' -
9] =
[¢7] < (7]

TIME (SECONDS)

D-104



TEMPERATURE (DEG F)

16U 2008

2-v16@08

7 6y 1280

FRT #163 TEST +3

SAMPLES: MONEL 408°
WSTF NO.: 82-14806
RPM: 17004

PRESS: 1288 PSIG
LOAD: INCRERSING
LOAD RATE: 7 LB/SEC
REACTION

B/27-83

-

9
! o 39

2
<

TIME (SECONDS)

D-105

60



THERMOPILE OUTPUT (1-718BMV)

1550

1350

1150

950

7?50

550

3se

158

FRT #163 TEST #3 62783

TT-RK?85

SAMPLES: MONEL 444

WSTF NO.: 82-148
RPM: 17D08
PRESS: 1888 PSIG
LORD: INCRERSING
LORD RATE: ? LB/
REACTION

L

€

TIME (SECONDS)

D-106

(7.}



SAMPLE DISPLACEMENT (INCHES)

.300

.2bo

. 100

a.0bo

-.1D0

FRT #163 TEST #3

SAMFPLES: MONEL 400
WSTF NO.: 82-14808
RFM: 17060

PRESS: 10088 PSIG
LORD: INCREARSING
LORD RATE: ? LB/SEC
REACTION

6727783

)
o

40

TIME (SECONDS)

D-107

6a



CHAMBER TORQUE LORD (POUNDS)

20

10

FRT #1163 TEST *3 6-27-83

: MEL 48@ : :

) it 14888~f ----------------- SR ILTILILL D i

RPM: I?BBQ : : :

PRESS: 18@B PSIG zf :

LOAD: INCREASING :

LOAD RATE: ? LB-SEC :

REACTION : :

(wy] o ® Q
o -+ (8]

TIME (SECONDS)

D-108



SAMPLE LORD (POUNDS)

FRT #164 TEST #1 &6-28-83

see SAMPLES: MONEL 400
} WSTF NO.: 82-14806
RPM: 17008
700 + PRESS: 10808 PSIG
1 LOAD: INCREASING
. LOAD RATE: 7 LB/SEC
600 t REACT 10N
1%
408 t ' )
200
200
188

-] o
o

40

TIME (SECONDS)

D-109

6a



N

RPM (REVOLUTIONS PER MINUTE)

171106

1?0670

17030

169980

16950

16910

16870

FRT #164 TEST #1 6-28-83

SRMPLES: MONEL 4@0
WETF NO.: 82-14806
RPM: 17004a

PRESS: 1@0@0Q@ PSIG
LOAD: INCRERSING
LORD RATE: 7 LBsSEC
RERCTION -

o Q
4] -«

TIME (SECONDS)

D-110

6@



CHAMBER PRESSURE (PSIG)

1288

19802

gaoe

682

400

rq]4)

FRT +164 TEST 41 6-/28-83

SAMPLES: MONEL 400
WSTF NO.: 82-14806
RPM: 170B2
PRESS: 1bB08 PSIG
LORD: INCRERSING
LORD RATE: ? LB/SEC
RERCTION

L

= -]
N -

TIME (SECONDS)

D-111

60



TEMPERRTURE (DEG F)

FRT 4164 TEST 41 62883

SAMPLES: MONEL 4008 : +
WSTF NO.: 82-14886
20@e ¢ RPM: 1700@

PRESS: 1888 PSIG
LOAD: INCREREING
LOARD RATE: ? LB/SEC

REACTION
16008

60

TIME (SECONDS)

D-112

[



THERMOPILE OUTPUT (1/108MV)

750
650
550
450
350
250

150

50 |

FRT #164 TEST #1 B-28B-83

TT-RK?70B5
SAMPLES: MONEL 400
WSTF NO.: 82-14886
RPM: 17000

PRESS: 1pB006 PSIG
LORD: INCREASING
LORD RATE: 7 LB-/SE
RERCTION

L)

20 -

10

TIME (SECONDS)

D-113

(447



SAMPLE DISPLACEMENT (INCHES)

.3b06

.2B0

. 1006

8.0bo

-.100

FRT #164 TEST #1 6-28-83

SAMPLES: MONEL 408
WSTF NO.: 82-14808
RPM: 170600

PRESS: 1000 PSIG
LORD: INCREASING
LOAD RATE: ? LB/SEC

RERCTION

« ®
oy <

TIME (SECONDS)

D-114

("]



CHAMBER TORQUE LOHD'(POUNDS)

FRT #164 TEST +1 £6-/28-83

A R R D R i R

...............................................................

: BAMPLES: MONEL 420 : : :
------------------ freeeeenensnnee s NETF-- NO 51132 14aes»ﬂ~~~n»~nu+~~nn~uu~~§
: RPM: 1706Q : ;
PRESS: 1888 PSIG
tORD: INCRERSING
LOAD RATE: ? LB-SEC

REACTION
o e [N
od -t @

TIME (SECONDS)

D-115



SAMPLE LOAD (POUNDS)

8008

72008

668

500
400
300
200

190

FRT #l42 TEST #2 6-18/83

SAMPLES: NICKEL 200
WSTF NO.: 82—14804
RPM: 1720B

PRESS: 1B PSIG
LORD: INCREASING
LORD RATE: 7 LBs/SEC
NO-REACTION

co
49

®
w0

80

(SECONDS)



RPM (REVOLUTIONS PER MINUTE)

17260

17220

17180

17140

17100

170260

17020

FRT #142 TEST 42 £-18-83

SAMPLES: NICKEL 20B 11
WSTF NO.: 82-143B4
RPM: 17208

PRESS: 108060 PSIG
LOAD: INCREASING
LOAD RARTE: ? LB/SEC
NO-RERCT ION

20
40
]
00

TIME (SECONDS)

D-117



CHAMBER PRESSURE (PSIG)

14@0

1200

1888

C]%1%)

1417

400

2@9

FRT 4142 TEST #¢ 671083

SAMPLES: NICKEL 208
WSTF NO.: 82-14804
"RPM: 17200

PRESS: 1BB0 PSIG
LORD: INCRERSING
LORD RATE: 7 LB/SEC
NO-RERCTION

-y o ) 2
od - Ve

80

TIME (SECONDS)

D-118



TEMPERATURE C(DEG F)

FRT #142 TEST #2 61083

SAMPLES: NICKEL 28b -+
WSTF NO.: 82-14804

2000 ¢ RPM: 172064
PRESS: 1988 PS1

| LOARD: INC

LORD RATEL: LB/SEC
NO-RERCT 18N

16@0

1200

800

400

¥
o () a 2 2]
o - w @

TIME (SECONDS)

D-119



THERMOPILE OQUTPUT (1-188MV)

FRT #142 TEST 42 671883

1150 1
TT-RK?768
SAMPLES: NICKEL 228
ssa | WSTF NO.: 82-14804
RPM: 17268
PRESS: 106G PSIG
LOAD: INCREASING ’
LOAD RATE: ? LB/SEC
7508 1 NO-REACTION
550 1
350
150
-50

TIME (SECONDS)

D-120



SAMPLE DISPLACEMENT (INCHES)

.2bo

.150

. 100

.850

a.0p0

-.850

FRT #l4c TEST #2 6-18/83

SAMPLES: N
WSTF NO.:

RPM: 172880
PRESS: 108
LORD: INCR
LORD RATE:
NO-RERCTIO

ICKEL 200
82-14804

@ PSIG
EASING

7 LB/SEC
N

ce

S
V

60

TIME (SECONDS)

D-121

(:1%)



CHAMBER TORQUE LORD (POUNDS)

20

10

FRT #142 TEST ¥ 6108783

.................................................................................................................

: : +
I IR | e .S. ......... U
4 1
1AL
; +
oL b 4 i T
5AMPLES: NICKEL zea™ *

1 S NSTF- 4ot 82414884 oo A ) S :

RPM: 17208 |
PRESS: 1880 PSIG
{ORD: INCRERYING i
LOAD RATE: ? LB-SEC
NO-RERGTION '

ce

. .
T + L L] ) L R

2 ©
- w

80

TIME (SECONDS)

D-122



COEFFICIENT OF FRICTION

FRT #142 618,83

'
12

+ N
l . 2@ T -
.88 1 I
¥ :
+ ’
—— , 1
. 46 T i i b
N \
! 1 lll-
HIl B : n r."
<4 LIE " |m|: 14"1"‘ 4 ':l |’ .
zm. i 'ﬂ -éwl = -Ji" "‘ﬂl'—"'—-‘ -"'
' t H 51 fooyggre iz e, 1".,_ S
@.00 R |" lllllu -t ﬁ.m! R IS ’;E:“*"h..hu.u_-eug..}&‘:i
o (] : o
. t - :3 :§

TIME (SECONDS)

D-123



SAMPLE LOAD (POUNDS)

800

700

600

Sea

409

300

2es

180

FRT #144 TEST #I

SAMPLES: N
WSTF NO.:

RPM: 1700D
PRESS: 108
LOARD: INCR
LORD RATE:
RERCTION

6713783

ICKEL 200
82—-14804

6 PSIG
EARSING
7?7 LBr/SEC

410

TIME

D-124

80

(SECONDS)

128



RPM (REVOLUTIONS PER MINUTE)

171808

17150

17118 ¢

170670

17830

16980

16850

1es1oe

16870

FRT #144 TEST #1 6-13/83

SRMPLES: NICKEL 201
WSTF NO.: B2-1480D4
RPM: 17000

PRESS: 1eg@g PSIG
LORD: INCRERSING
LORD RATE: ? LB/SEC
REACTION .

490
80 4

TIME (SECONDS)

D-125

120



CHAMBER PRESSURE (PSIG)

14@0

12080

10808

8doe

£0a

400

2aoe

FRT #144 TEST 41 613783

SAMPLES: NICKEL 20@ 1

WSTF NO.: B2-14604

.RPM: 1700

PRESS: 1P@@ PSIG

LORD: INCREASING

LORD RATE: 7 LB/SEC

RERCTION
® © o
< [+a] IE

TIME (SECONDS)

D-126



TEMPERATURE (DEG F)

FRT 4144 TEST #1 £6-13-83

SAMPLES: NICKEL 26b
WSTF NO.: 82-14804
2080 1 RPM: 17008
PRESS: 188D PSIG
1 LOAD: INCRERSING
LOAD RATE: 7?4\ H~SEC
1508 | REHCTIO
)
1288 ¢ j|
800
400
.
t "o
7] —
© ® ® ®
< @ .I'_U_‘

TIME (SECONDS)

D-127



THERMOPILE OUTPUT (1/100MV)

3950

2350

135e

950

FRT #144 TEST #! 6-13-83

TT-AK783

SRMPLES: NICKEL 200
WETF NO.: 82-14804
RPM: 17DB060O

PRESS: 1880 PSIG
LORD: INCREASING
LORD RATE: ¢ LB/SEC
REARCTION

e
& " Y " s
v T * * Y v

®© o
v

wY)
®

TIME (SECONDS)

D-128

120



SAMPLE DISPLACEMENT CINCHES)

.3D0

.2Bo

. 100

a.000

ht IBB

FRT #144 TEST #1 6-13-83

SAMPLES: NICKEL 2002
WSTF NO.: 82-14804
RPM: 17000

PRESS: 10888 PSIG
LORD: INCREARSING
LOAD RATE: 7 LB/SEC
RERCTION

S
v

TIME (SECONDS)

D-129

80

120



CHAMBER TORQUE LORD (POUNDS)

40

30

2B

10

FRT #144 TEST #1 613783

40
80 -
120

TIME (SECONDS)

D-130



COEFFICIENT OF FRICTION

.80
.60
.20
.80
.48
.20
.60
.20 1
.80
.40

.80

FRT #144

SAMPLES: NICKEL 204d
TEST RESULTS: RERCTION

SPEED: 17008 RPM (6?7 FT/SEC)
PRESS: 10888 PSIG

TYPE OF LORD:

INCREASING

LOARD RATE: 7 LB/SEC (24 PSI~SEC)

TIME (SECONDS)
D-131

120



SAMPLE LOARD (POUNDS)

FRT #161 TEST #! &-27-/83

800 SAMPLES: NICKEL 208@
1l WSTF NO.: 82-14804
RPM: 1700808
702 ¢ PRESS: 19R@ PSIG
1 LOAD: INCREARSING
. - LORD RATE: 7 L C
602 + NO-REACTION
1%]%)
400
‘300
200
198
e o

1089 -

TIME (SECONDS)

D-132

120 +



RPM (REVOLUTIONS FcrR MINUTE)

17060
I?Q?B
16980
16340
16500
16860

16820

FRT

#1601 TEST %! 6-27-83

SAMPLES: NICKEL 208
WSTF NO.: 82-14804
RPM: 170020

PRESS: 10@08 PSIG
LOAD: INCRERSING
LOAD RARTE: 7 LBr/SEC
NO-RERCT ION

20

40
64
84
104
120

TIME (SECONDS)

- D-133



CHAMBER PRESSURE (PSIG)

14d0

1200

1000

8a@o

600

4@0

z2ae

FRT 4161 TEST #1 6-27-83

SAMPLES: NICKEL 200
WSTF NO.: 82-14604
RPM: 17000

! PRESS: 1806 PSIG
LORD: INCREASING
LORD RATE: 7 LB/SEC
NO-REACTION

e - " 3 " "
*

%
20
40
60
B8O

100

TIME (SECONDS)

D-134

1200



TEMPERARTURE (DEG. F)

cpae

162@

12808

8@Q

480

FRT #161 TEST #1 62783

SAMPLES: NICKEL Z©B
WSTF NO.: 82-14804
RPM: 17008

PRESS: 1888 PSIG
LORD: INCREASING
LOAD RATE: ? LB/SEQ
NO-RERCTION

20
40
60 1t
80

TIME (SECONDS)

D-135

1008

120



THERMOPILE OUTPUT (1/188MV)

FRT 4161 TEST #1 6727783

¢ve 1 | TT-AK?@5
! SAMPLES: L¥2be
WSTF N 82-1488
23@ RPM: :
; 1800 PSIG
- INCRERSING
RATE: ? LB/SEC
NO-REACTION
150
110
70
30
- 18 et
-50 S + + + + — + -
© Q © © o S S
N < o 0 ot E

TIME (SECONDS)

D-136



SAMPLE DISPLRCEMENT C(INCHES)

. 300

.20

. 188

a.8bo

-.180

FRT #161 TEST #1 b6-27-83

SAMPLES: NICKEL 280
WSTF NO.: 82-14804
RPM: 17000

PRESS: 1880 PSIG
LORD: INCRERSING
LORD RATE: 7 LB-/SEC
NO-RERCTION

20
40
517)
80

TIME (SECONDS)

D-137

100

120



CHAMBER TORQUE LORD (POUNDS)

20

1B
16
14
12

18

FRT #161

- - SRAMPLES: NICKEL 20d
- _ TEST RESULTS: NO-RERCTION

SPEED: 178068 RPM (67 FT/SEC)
PRESS: 18@B PSIG

TYPE OF LORD: INCREASING

LORD RATE: 7 LB/SEC (24 PSI/SEC)

.
]
.
.
»
.
.
.
P d
.
v
.
.
.
.
.
.
.
.
.
.
.
.
.
2
.
.
.
.
.
.
.
.
.
+
.
.

PR
.
.
.
.
.
.
.
.

anal
]
.
’
.
0
.
.
.
.

ey
.
.
.
.
v
.
.
.
’
.
.
.
.
.
.
"
.
.
cowd
*
.
.
‘
.
»
.
.
1
Al
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

TIME (SECONDS)
D-138



SAMPLE LORD (POUNDS)

800

08

660

b7 %)

400

3Q

200

100

FRT #177

S5AMPLES: SILICON CARBIDE
TEST RESULTS: SHRTTER

SPEED: 17888 RPM (6?7 FT/SEC)
PRESS: 1880 PSIG

TYPE OF LORD: INCRERSING

LOARD RATE: 7 LB~/SEC (25 PSI~SEC)

‘_d'~f_+______*~,,.,~+\\\\\\f

L

TIME (SECONDS)
. D-139

10



RPM (REVOLUTIONS PER MINUTE)

FRT #177

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHATTER

SPEED: 17888 RPM (6?7 FTASEC)
PRESS: 18@@ PSIG
TYPE OF LORD: INCREASING

LORD RATE: 7 LB/SEC (25 PSI/SEC)

16970

16930

16690

1esso

168180

16770

TIME (SECONDS)
D-140

10



CHAMBER PRESSURE (PSIG)

1200

1028 71

8060

g@2a

400 1t

41

FRT #177

SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHRATTER

SPEED: 17808 RPM (67 FT/SEC)
PRESS: 1088 PSIG

TYPE OF LOAD: INCRERSING

LORD RATE: 7 LB~SEC (25 PSI~SEC)

,___dqff*-+’“_—dffﬁf’h\‘~h*

TIME (SECONDS)
' D-141

10



r

TEMPERATURE (DEG F)

45117

1600

1280

808

180

FRT #1727

SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHRTTER

SPEED: 17880 RPM (67 FTASEC)
PRESS: 1888 PSIG

TYPE OF LORD: INCREASING

LORD RATE: 7 LB-SEC (25 PSI-SEC)

+-~ TC-AK?702
O-- TC-RK?23
%—— TC-AK704
CHAMBER GAS
TEMPERATURE
Q

'TIME (SECONDS)
D-142

10



THERMOPILE OUTPUT (1-/188MV)

TT-AK?@s5

Se

48

36

ce

19

-40

-5

FRT #177

SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHRTTER

SPEED: (7?8868 RPM (86?7 FT/SEC)
PRESS: 18@8 PSIG

TYPE OF LORD: INCRERSING

LOAD RATE: 7?7 LB-SEC (25 PSI-SEC)

TIME (SECONDS)
' D-143

10



SAMPLE DISPLACEMENT (INCHES)

FRT #177

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHATTER

SPEED: 17@88 RPM (6?7 FTASEC)

PRESS: 1886 PSIG

TYPE OF LORD: INCREASING

LOAD RATE: 7 LB-SEC

(25 PSI-SEC)

.308 r
.20b 7t
.108 t
=

aoaaa ¢ R n + + ¥
o

-.100 1
@

TIME (SECONDS)

N-144

10



CHAMBER TORQUE LORD (POUNDS)

38

2B

18

R IR T et mmeEem - e ewmee e o

FRT #177
SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHRTTER
SPEED: |7@@8 RPM (67 FT/SEC)
PRESS: 1988 PSIG
TYPE OF LOARD: INCRERSING
LORD RATE: 7 LB-/SEC (25 PSI/SEC)
] ©

TIME (SECONDS)
D-145



COEFFICIENT OF FRICTION

FRT #1727

3.0 1

2.80

PP g
L]

1.80

TIME (SECONDS)

D-146

12



SAMPLE LOAD (POUNDS)

800

780

660

17 )

480

30Q

2008

108

FRT #178

SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHRTTER

SPEED: S8@8 RPM (35 FT~SEC)
PRESS: 1880 PSIG

TYPE OF LORD: INCRERSING

LOARD RATE: 7 LB/SEC (25 PSI~/SEC)

.f.’v//

BLE L] IR

(] B
— n

TIME (SECONDS)
D-147

30



t

RPM (REVOLUTIONS PER MINUTE)

Beeos

Bgge

B3§@

'B97®@

B96O

B950

B940

B930©

Bgz2e

Bo1©@

FRT #178

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHRATTER

SPEED: 90@@ RPM (35 FT/SEC)
PRESS: 18880 PSIG

TYPE OF LOAD: INCREARSING

LOARD RATE: 7 LB-SEC (25 PSI-/SEC)

TIME (SECONDS)
D-148

30



CHAMBER PRESSURE (PSIG)

1200

1eea

8eB

600

462

200

FRT #1/8

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHATTER

SPEED: 30@B RPM (35 FT-SEC)
PRESS: 1088 PSIG

TYPE OF LOAD: INCRERSING

LOARD RATE: 7 LBsSEC (25 PSI~SEC)

-«
-
-
-
->
3
p

1 k] T ]

a Q
onnd

TIME (SECONDS)

D-149

20

30



TEMPERARTURE (DEG F)

ceone

16008

12008

800

400

FRT #178

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHRTTER

SPEED: 390@9 RPM (35 FT-SEC)
PRESS: 1008 PSIG

TYPE OF LOAD: INCREASING

LOARD RATE: 7 LB/SEC (23 PSI-SEC)

+-- TC-RK?7@G2
O0-- TC-RK?B3
x-- TC-AK704

CHAMBER GAS
TEMPERAYTUNRE
(v2] ) a
— (q]]

TIME (SECONDS)
D-150

30



- THERMOPILE OUTPUT (1-/188MV)

TT-RAK? @35S

Se

40

30

ce

19

FRT #178

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHARTTER

SPEED: 3888 RPM (35 FT~SEC)
PRESS: (880 PSIG

TYPE OF LOAD: INCRERSING

LORD RATE: 7 LB/SEC (25 PSI-SEC)

TIME (SECONDS)
. D-151

30



SAMPLE DISPLACEMENT (INCHES)

FRT #178

SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHRATTER

SPEED: 3080 RPM (35 FT-SEC)
PRESS: 18080 PSIG

TYPE OF LOAD: INCRERSING

LOAD RATE: 7 LB,/SEC (23 PSI/SEC)

L] BBB

.20DP

. 108

—.188 ¥ T T
Q (Y] S
-— od

TIME (SECONDS)
D-152

30



CHAMBER TORQUE LORD (POUNDS)

4B

3B

-4

18

FRT #178

SAMPLES: SILICON CRRBIDE
TEST RESULTS: SHATTER

SPEED: 930@8 RPM (35 FT~SEC)
PRESS: (@@€ PSIG

TYPE OF LOAD: INCRERSING

LOARD RATE: 7 LBs/SEC (25 PSI/SEC)

TIME (SECONDS)
D-153



b

COEFFICIENT OF FRICTION

.00

.60

.20

.88

.40

. 00

.60

.20

.88

.40

. 00

FRT #178

SAMPLES: SILICON CARBIDE
TEST RESULTS: SHRTTER

SPEED: 388@@ RPM (35 FT/SEC)
PRESS: 1888 PSIG

TYPE OF LORD: INCREASING

LOARD RATE: 7 LB/SEC (25 PSI-/SEC)

TIME (SECONDS)
D-154

30



(POUNDS)

SAMPLE LORD

200
188
160
140
120
100
.80

(5Y7=)

FRT #140

TIME (SECONDS)

D-155




RPM (REVOLUTIONS PER MINUTE)

17300

172980

ra2-1

17270

17260

17250

17240

172306

17220

17210

FRT #1488 TEST #2 6883

SAMPLES: 316 SS
WETF NO.: 82-14812 GROUP |
RPM: 175064

PRESS: 1008@ PSIG
LORD: INCREASING
LORD RATE: 7 LBsSEC
RERCTION -

10
20

TIME (SECONDS)

D-156

30



CHAMBER PRESSURE (PSIG)

FRT #1480 TEST 42 6-8-83

1200
1900
800
680 1 SAMPLES: 316 SS
WSTF NO.: 82-14812 GROUP 1
1 RPM: 17580
PRESS: 1PBG PSIG
400 | LORD: INCRERSING
LORD RATE: 7 LB/SEC
RERCT ION
2088
a t Y Y t 1
[ ] [ ] (]
- nJ m

TIME (SECONDS)

D-157



TEMPERATURE ¢DEG F)

FRT 4148 TEST 42 6-8-83

SAMPLES: 318 SS

WSTF NO.: 82-14812 GROUP |
2o + RPM: 1759Q

PRESS: 1888 PSIG

LORD: INCRERSING

LOAD RATE: ? LBs/SEC
REACTION

1660 ¢

1200

840

480

)
10 A

B
Y]

30

TIME (SECONDS)

D-158



THERMOPILE OUTPUT (1-1080MV)

FRT #1480 TEST %2 6-/8-83

TT-AK?38

350 SRMPLES: 316 SS
WSTF NO.: 82-14812 QROUP 1|
REM: 17500
PRESS: 1880 PSIG

250 | LOAD: INCREARSING
LOAD RATE: ? LB/SEQ
REACTION

ssp | .

350

150

_59 . +_L " _J_# PP S T 1 4' . t_g_ L

® (oY) S O

TIME (SECONDS)

D-159



SAMPLE DISPLACEMENT (INCHES)

.2bo

.158

. 108

.50

@.0Bo

-.850

FRT #1488 TEST #2 6-8-83

SAMPLES: 316 SS

WSTF NO.: 82-14812 GROUP 1}
RPM: 17500

PRESS: 1888 PSIG

LOAD: INCREASING

LORD RATE: 7 LB/SEC
RERCTION

(»Y) o
o— o

TIME (SECONDS)

D-160

308



CHAMBER TORQUE LOAD (POUNDS)

FRT #1400 TEST #2 6-8-83

2O poeeeeeeeeseee s Treeee e oeeeens
........... §..................,..................i.. 5 PO S
L o e e "

SAMELEY: 316 SS

RPM: 17584

PRESS: 1860 PSIG
{LORD: INCREASING |
LOAD RATE: ? LB-SEC
REHCTION : :

e d : ;

NSTA 3.1 8214812 bReupn4~~5 -------

----------

o o (]
-t oJ

TIME (SECONDS)

) D-161

3a



FRT #140

L D XY TP ye"eesesscseconacecune Fettesccscriciectctanscssnsasescncanrcans
. . .
. . .
. . '
. T .
. . »
+ . .
. . ﬁp .
decepesceccccsccccnss J‘ --------------------- '\. -------------------- beccnecnsmcaninnncnns deenacancrcvevcoseren J'
. ] '
. » »
. -+ ’ ]
. . '
N » ]
. s .
* v .
deccBecsanccencnnccnn i fenasccersrotocerondhoctancolocnnaconscccaosnsudecuncconanncncsnnsnncdrensnnnccsnassonnvassal
o ,
" ]
L e .
ﬁ '
H -
.
‘
.
B R £ T T L T LT T O o e
]
- ‘
'
.
I

COEFFICIENT OF FRICTION

1.208

.80

.40

e.aa

TIME (SECONDS)

D-162



SAMPLE LORAD (POUNDS)

860

208

680 -

1% %)

400

300

200

180

FRT #141

SAMPLES: 3
WSTF NO.:

RPM: 17200
PREES: 18D
LOAD: INCR
LORD RATE:
RERCTION

TEST #! 6/10-83

l6 SS
82-146812 GROUP 1

@ PSIG
EASING
? LB/SEC

10 A

co

TIME (SECONDS)

D-163

3o

40



RPM (REVOLUTIONS PER MINUTE)

17300
17290
17260
17270
17260
17250
17240
17230
17220
17210

17200

FRT #141

SRAMPLES: 316 SS

TEST #1 6-108/83

"

WETF NO.: 82-14812 GROUP

RPM: 17z0Q

PRESS: 18080 PSIG
LOAD: INCRERSING
LOAD RATE: 7 LB/SEC
RERCTION -

L.

10

TIME (SECONDS)

D-164

40



CHAMBER PRESSURE (PSIG)

120808

1080

1% %)

600

400

2a@e

FRT +#1

41 TEST #1 B6-190-83

SAMPLES: 316 S§

WSTF NO.:

RPM:

172060

PRESS: 1BGO PSIG
LORD: INCRERSING
LORD RARTE: ? LBrSEC
RERCTION

82-14812 GROUP 1

10

Q
o4

TIME (SECONDS)

D-165

30

40



TEMPERATURE (DEG F)

41415

1680

12020

800

480

FRT #141 TEST #1

SAMPLES: 316 SS
WSTF NO.: 82-14812 GROUP |
RPM: 17208

PRESS: 1888 PSIG
LORD: INCREARSING
LORD RATE: ? LB/SEC
REACTION

6710783

C

10

(n)
o

30

TIME (SECONDS)

D-166

4Q



THERMOPILE QUTPUT (1-188MV)

esSe
7508
650
558
450
3S5e
2508
15Q

Se

FRT #141 TEST #1 &-/18-83

- RPM: 17288

TT-AK?703
SAMPLES: 316 S
WSTF NO.: B82-1

PRESS: 1B0BGB PS
LORD: INCREASI
LORD RATE: 7 L,
RERCTION

L
N
B

812 GROUP 1

SEC

TIME (SECONDS)

N-167

40



SAMPLE DISPLACEMENT (INCHES)

FRT #141 TEST #! 6-18-83
.2bo ' -

SAMPLES: 316 SS
T WSTF NO.: 82-14812 GROURP 1|
1 RPM: 17200
.156 1 PRESS: 1800 PSIG

1 LORD: INCREASING
LORD RATE: 7 LB/SEC
RERCTION

. 1D89

.850

a.2000

-CBSB Ll ¥ 13 1 -1 T

TIME (SECONDS)

D-168

40



CHAMBER TORQUE LORD (POUNDS)

30

2o

10

.................

.................

FRT #141 TEST #1 5/18/83

R St il S R R i 2 DN

REACTION

LOAD: INCREHSING
LORD RATE:

..................................................................................................

.................................................................................................

......................................................................................

......................................................................................

................................

?. LB/SEC

®
o

30

TIME (SECONDS)

D-169

40



COEFFICIENT OF FRICTION

.aa [

.88 1t

.68 1

. '48 T

L] 28 1

.88 1t

.88 1

.60 ¢

+

I !\l

iw

ILII

TIME (SECONDS)

D-170

FRT 4141

i

h

618,83

30 -
35 -



SAMPLE LOARD (POUNDS)

860

700

660

Sea
400
QBB
2008

1860

FRT #143 TEST #3 6-18-83

SAMPLES: 3
WSTF NO.:

RPM: 17008
PRESS: 18Db
LOAD: INCR
LORD RATE:
RERCTION

6 SS
82—14812 GROUR 1

8 PSIG
EASING
7 LB/SEC

o o
- o

TIME (SECONDS)

0-171

36



RPM (REVOLUTIONS PER MINUTE)

17270

17250

17230

17210

17130

17170

FRT

¥#143 TEST #3 6-18-83

SAMPLES: 316 SS

WETF NO.: 82-14812 GROUP |
RPM: 17000

PRESS: 188G PS1IG

LOAD: INCREASING

LORD RATE: 7 LB/sSEC
REACTION -

TIME (SECONDS)

D-172

30



CHHMBER PRESSURE (PSIG)

FRT 4143 TEST 43 6-10-83

1280 ¢

l1eae

sane

8@o 1 SAMPLES: 316 SS |
WSTF NO.: 82-14812 GROUP 1
RPM: 170D0 |
PRESS: 1B8@ PSIG
422 1 LOAD: INCREASING
LORD RATE: 7 LB/SEC
} RERCTION
280 1{
e .
o 1~ ]
- n

TIME (SECONDS)

D-173

30



TEMPERRTURE (DEG F)

ceae
lSGé
1280

8@0

4@08

FRT #4143 TEST +#3 6-108-83

T SAMPLES: 316 SS

WSTF NO.: 82-14812 GROUP |
+ RPM: 17008Q

PRESS: 1288 PSIG

LORDO: INCRERSING

LORD RATE: 7?7 LBs/SEC

REACTION h

TIME (SECONDS)

D-174



THERMOPILE OQUTPUT (1-/108MV)

2950

1950

850 1

FRT #143

TEST #3 €6-18/83

TT-AK?068
SAMPLES: 3
WSTF NO. :
RPM: 17D00
PRESS: 108
LOAD: INCR
LOAD RATE:
REACTION

16 SS
g2-14812 GH

B PSIG
ERSING A
? LB/SEC

GuUP

1

TIME (SECONDS)

D-175

]

30



SAMPLE DISPLACEMENT (INCHES)

.2bo

. 150

. 100

.050

N

a.0po

-.050

FRT #143 TEST #3 6-18-83

SAMPLES: 3
WSTF NO.:

RPM: 170088
PRESS: 106
LOAD: INCR

LOAD RATE: 7 LB/SEC

REACTION

16 SS

82-14812 GROUP 1

@ PSIG
ERASING

PRI

®
-t

TIME

D-1756

o
o

(SECONDS)

30



CHAMBER TORQUE LORD (POUNDS)

2P

1B

16

14

le

18

FRT #143

SAMPLES: 316 SS
" TEST RESULTS: RERCTION

SPEED: 17886 RPM (67?7 FT/SEC)
PRESS: 1088 PSIG

TYPE OF LORD: INCRERSING

LORD RATE: 7 LB-/SEC (25 PSI~SEC)

..................................................................................................................

¥ : ;
. .
. . L}
........................................................ G, S R SO,
. " ¥
. . L]
H H :
------------------ J-.----.--.----..--J.----.---.--.--.-.J'.-.v-..--.-.......-:...-...............‘L....-.-.---.---...‘
. . .
. . .
.................. R R SRR
13 13 .
» L
: :
....................................................................................................................
. - .
» .
: :
.................. S AP
. . .
: :
. .
...................................................................................................................
A b
: ;
: :
: .
................ RSP . SR | SR SR SR R AU
. { L}
. 1
: :
....................................................................................................
' " h
. L]
: :
13 3 1
...... qeee 4 -4- - v JR A S
1 . :
L} L) .
: . .
.................................................................................................
A t >
. *
: H
: : H
............... KON GUDUDR SR O ' AU O I TN DI UL AR, S S
. . . -
L) 1 * .
. . L]
......................................................................................................
¥ 13 L3
L] [
. .
................ R Y A SRR , SRR I N - S ‘S
*
. .
. H
..........................................................................................................
. " »
L) .
. . .
................ s s S R R SR
. + .
. . .
. . .
.................................................................................................................
. . .
L) 13 .
. L]
3 g .
................. R S SRR UL SR
. * .
. ' H
L] » L]
..................................... L. S, PP, SRS,
1] . .
. . L4
: : :
------------------ J.....-..-----.-.o--J.---o---...-.-....J..--.-.-...-..--.--.B.--...-..-..----.—h-----.-.-..---..--‘
H
H
H
T L) L ¥ RS 1
— o [1p)

TIME (SECONDS)
D-177



t)

COEFFICIENT OF FRICTION

1

1

caa T

.20 1

.80 1

.40

Iaa

FRT #143  6/14/83

1

.l | ,
Al i eI

M il 1

un ® 2] ® Ty}
- - n (4 ¥}

38

TIME (SECONDS)

D-178



SAMPLE LORD (POUNDS)

860

P ==

688

Sev

400

3006

200

180

FRT #146 TEST #I

SAMPLES: ZI
WSTF NG.: 8
RPM: 17600

PREES: 10b06
LORD: INCRE
LORD RATE:

NO-REACTION

6715783

RC.-COPPER
I-1S_%®

PSIG
ASING
7 LB/SEC

9]
f

TIME (SECONDS)

D-179



RPM (REVOLUTIONS PER MINUTE)

17080

17040

170200

16360

16920

16880

16840

FRT

#146 TEST 41 £6-15/83

MPLES: ZIRC.-COPPER

: 83-\1S@9¢g
170064
PRE 1288 PS1IG
LOADXx INCRERSING

LOARD RATE: 7 LBsSEC
NO-RERCTION

<+

2o

TIME (SECONDS)

D-180

60



CHAMBER PRESSURE (PSIG)

1400

12@0

1 888

8488

eae

480

280 1

FRT #1486 TEST #1 6/15-83

SAMPLES: ZIRC.-COPPER
WSTF NO.: 83-15@98
RPM: 178b0

PRESS: '1BB6 PSIG
LORD: INCRERSING

LORD RRTE: 7 LB/SEC
NO-REACTION

L] v L

ce

L)
-

TIME (SECONDS)

D-181

60



TEMPERATURE (DEG F)

ceae

1600

1280

8ao

420

FRT #146 TEST #1 615783

SAMPLES: ZIRC.-COPPER
WSTF NO.: 83-i549
RPNM: 1700@

PRESS: 1880 PS1G
LORD: INCREASING

LOAD RATE: ? LB/SEC
NO-REACTION

2o
40

TIME (SECONDS)

D-182

60



THERMOPILE OUTPUT (1-108MV)

Se

40

38 1

4]

FRT #146 TEST #! 6~15/83

TT-AK?7@3 :
SAMPLES: ZIRC.-COPPER
WSTF NO.: B83-1tS®]¢
RPM: 17000
PRESS: 1088 RSIG
LOAD: INCRE

LOAD RATE:
NO-REACFION

€0

o
L

40
60 -

TIME (SECONDS)



SAMPLE DISPLACEMENT (INCHES)

.2be

~ .158

. 100

.850

a.0po

FRT #146 TEST #1 6-15-83

SAMPLES: ZIRC.-COPPER
WSTF NO.: 83-\1S8494%9
RPM: 178000

PRESS: 1860 PSIG
LORD: INCREASING

LOARAD RATE: 7 LB/SEC
NO—-REARCTION

(4%)

L)
-

TIME (SECONDS)

D-184

60



CHRAMBER TORQUE LOHD.(POUNDS)

20

FRT %146 TEST #! 6-15-83

...................................................................................................................

E% Fl Ee. ZIRC ! -COPPER

RPMH: x?aea ; § +
; i PRESS: 10060 PYIG

;T | | i LOAD: :INCRERSING

: " i LOAD RATE: 7 .UB/SEC

NO-REHCTION | -

\J 4 ‘ . ’
L L] T Y T T

[\ o . L)
[\¥] -

60

TIME (SECONDS)

' D-185



COEFFICIENT OF FRICTION

2.48 1

.88 1

046 T

10

FRT #1486 61583

20
30

o]
-

TIME (SECONDS)

D-186

50

60 -



SAMPLE LORD (POUNDS)

800

°00

58@ +

ba]%/%
400
QBG
208

lee

" Y
LR

FRT #147 TEST #2 6-15-83

SAMPLES: ZIRC-COFPPER

TIME (SECONDS)

D-187

WSTF NO.: 83-1S89%
RPM: 1700DB

i PRESS: 10Bo PSIG

+ LOAD: INCREASING
LORD RATE: 7 LB/SEC
NO-RERCTION

o 2] ) o

] <« ©

806



RPM (REVOLUTIONS_PER MINUTE)

17060

17020

16980

16940

169008

16860

16820

FRT #147 TEST #2 6-15-83

SRMPLES: ZIRC-COPPER
WETF NO.: 83— \581%
RPM: 17004

RRESS: 108@ PSIG
LOAD: INCREASING
LORD RATE: 7 LBs/SEC
NOXREARCTIGN

20

4@

TIME (SECONDS)

0-188

("

8@



CHAMBER PRESSURE (PSIG)

1480

1200

1200

8@e

ca@oe

400

2@o

FRT 4147 TEST #2 6-15-83

SRMPLES: Z1IRC-COPPER
WSTF NO.: 83-\88%
RPM: 17000 |
PRESS: 1bBBO PSIG
LORD: INCRERSING
LORD RATE: 7 LB/SEC
NO-RERCTION

co
40

TIME (SECONDS)

D-189

€0

80



TEMPERATURE C¢DEG F)

cedo
1500
12d0e

8@0

480

FRT 4147 TEST

SAMPLES: ZIRC-COPPER
WSTF NO.: B83-15R4%

RPM: 17000
PRESS: 10@8

PS1IG

LORD: INCRERESING
LORD RATE: ? LB/SEC

NO-RERCTION

2 6/15-83

i

co

TIME

D-190

o
v

(SECONDS)

4%

80



THERMOPILE QUTPUT (1-/1880MV)

38 1

co

19

FRT #147 TEST #2 6-15/83

TT-AK7A@3S

SAMPLES: ZIRC-COPPER
WSTF NO.: 83-1\S84%
RPM: 17000

PRESS: 1886 PSIG
LOAD: INCREASING
LORD RATE: 7 LBsSEC
NO-REARCTION

E

20

TIME (SECONDS)

D-191



SAMPLE DISPLACEMENT (INCHES)

.200

. 150

190 1

.850

@.8pbo

-.8350

FRT #147 TEST #2 6-15-83

SAMPLES: ZIRC-COPPER
WSTF NO.: 83-185%18
RPM: 1700806

PRESS: 1868 PSIG
LORD: INCRERSING
LORD RATE: 7 LB/SEC
NO—-RERCTION

TIME (SECONDS)

D-192

60



CHAMBER TORQUE LOAD (POUNuo)

FRT #147 TEST %2 615783

c]- R IO IRT SR oranenalenenns Yorressnnn g, IO Er e

ce

1@

....................................

NPLES AIRC COPPER

.............

1F NO.: i83-
RPN: l?GBQ

LOAD: INCRERSING

............. . nnnuénijneaﬁss;"uaaa PSIG"""RNHHQ"""""""L

LORD RATE: ? LB/SEL

NO-’REFICT ION

o )
o

L,
'7 T T Ll

«

TIME (SECONDS)

D-193



. aa T

.8.6 T

.20 1

.80 ;

FRT #147

615783

COEFFICIENT OF FRICTION

* 3||[| it
5 ! L 3% LT 4l .
W Ilr ";' '. :'l;;l"r"ﬂa“ !l '_ .:l o P
‘ ﬂ,lt df"1”‘mltp:f??§§é§'ég.ﬂ@?,'&«nt;‘ st ok S o "
L R i e
ﬁml"lll“‘ =i A nh P T 34 Riaiidh o i sa bt
-] Q o
n < (7]

TIME (SECONDS)

D-194



SAMPLE LOARD (POUNDS)

goe

702

600 |

1% %

1%%)

300

200

18e

FRT #148 TEST #! 6-16-83

SAMPLES: ZIRC-COPPER

WSTF NO.: 83-1\5998

RPM: 1700B
PRESS: 10P6
LORD: INCRE

LORD RATE:
NO—-REACTION

PSIG
ASING
? LBs/S

20

TIME (SECONDS)

D-195

198 ¢

120 4



RPM (REVOLUTIONS PER MINUTE) "

17040

17000

16368

169280

166880

16840

16600

16760

16720

FRT #148 TEST +#1 671683

SRMPLES: ZIRC-COPPER

WSTF NO.: 83-1584%
RPM: 17000

PRESS: 10496 PSIG
LOAD: INCRERSING
LORD RATE: 7?7 LBr/SEC
NO-REQCTIO

20
40
6Q
80

TIME (SECONDS)

D-196

100

120



CHAMBER PRESSURE (PSIG)

1400

12d0

19000

ege

e00@

4208

2@oe

FRT 4148 TEST #1 6-16-83

SAMPLES: ZIRC-COPPER
WSTF NO.: 83-158%%
RPM: 170B@

PRESS: 1888 PSIG
LOAD: INCREASING
LORD RATE: 7 LB/SEC
NO-RERCTION

+
3
L

%)
20

40
60 1
80

TIME (SECONDS)

D-197

100

120



TEMPERARTURE (DEG F)

20ao
16d@

1280

' 800

4080

+

FRT #4148 TEST #1 6-16-83

SAMPLES: ZIRC-COPPER
WSTF NO.: 83-\®4%
RPM: 17020@

PRESS: 1000 PSIG
LORD: INCRERSING
LOAD RATE: ? LB/SEC
NO-RERCTION

20
a0 1
60
8@

TIME (SECONDS)

N-198

e
T

100

12Q



THERMOPILE OUTPUT (1/188MV)

FRT 148 TEST #1 6-16-83

196
TT-RK?@5
SAMPLES: ZIRC-COPPER
WSTF NO.: 83~ 15829
158 RPM: 1700G0
PRESS:
118
7’0
30
-1
-59 + + —- 4
o S © © ] 8 a
N < w o S g
TIME (SECONDS)

D-199



SAMPLE DISPLACEMENT C(INCHES)®

FRT #148 TEST #1 6-16/83

0298 T
t
T SAMPLES: ZIRC-COPPER
1 WSTF NO.: 83-1% 218
1 RPM: 17000

-158 1 PRESS: 100G PSIG

LOAD: INCREASING

LOAD RATE: 7 LB/SEC
T NO-RERCTION

. 180

.850

a.oboe

-.850

TIME (SECONDS)

D-200

1

120



POUNDS )

TORQLL LOhw

CHAMBER

30

20

FRT #148

S: ZIRC toppza
HSTF NO CER
RPM: l?lB@

TEST #1 6/16/83

"TIME (SECONDS)

. D-201

--------- L-~u4~~~~4~uuupnesa, BT~ - BHCT-3 o NN SOUN FOPOUPPIN SRS S
R LOAD:! INCRERSING | E : : g

: {ORD RATE: ? LB/SEC ;

No- RERCTION : :

© S © ® o 8 S
N v ) @ o ﬁ



COEFFICIENT OF FRICTION

.60

.20

gQ ¢
.

<48

'89 h

++

++

+

FRT #148

a ~
3 &
TEMPERATURE

D-202

1260

.45

&-16-83

IN

1660 1

(DEG F)

2000



