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Table 5 Chemical Analysia of Test Materials

Materials 0i Co Ci Mo W Fe C T4 Al Fn 'S Si Other
AISI M1 4.0 | 8.5 1.5 %a1 | 0.80 0.3 | 1.1 0.3
ATSI mM2¥ 4.1 | 5.0 5.3 | Bal |0.85 0.3 | 1.8] 0.3
LIS ¥3 Type 1% 4.0 ] 6.0 6.1 | Bal | 1.02 0.3 12.4|0.3
AISI I3 Type 2 4.1 | 6.0 6.0 | Bal | 1.20 0.3 | 5.2| 0.3
AISI 14 4.5 | 4.5 c.5 Bal | 1.33 0.3 | 4.0 0.3
ATST M15 5.0 4,0 | 8.5 6.5 Ball | 1.50 0.3 | 5.0 0.3
ATST M43 8.2 3.7 | 8.7 1.8 | Bal | 1.23 0.3 | 2.0| 0.3
AISI T1 4,1 | 0.7 18.0 | Bal | 0.77 0.3 | 1.1| 0.3~
ATSI T15 5.0 | 4.7 | 0.5 12,5 | Bal 1 1.57 0.3 | 5.0|¢.3
Ampco 18-13 3.5 11.0 85.5 Cu
Colmonoy 4 Bal 10.0 2.5] 0.45 2.2 [ 2.0 B
Colmonoy 5 (HF) Bal 11.5 4.2] 0.865 3.7 | 2.5 B
Colmonoy & (HF) Bal 13,5 4.7] 0.75 4.2 | 3.0 B
Colmoncy TO(HF) Bal 11.5 16,0 3,71 0.55 5.2 | 2.5 B
Colmonoy 75{EF} Seme as Colmonoy 6 plus WC particles
Coors aD 995 ~100 Al?(J3
Bostelloy C Bal | 2.5 | 15.6 {16.0 4.0 5.C| 0.08
Haynes 27-3{HF) Bal 16,0 |17.0 4,5 5.3| 0.10
Inconel 718 53.0{ 0.1 | 18.5 3.0 Bal | 0,05 1.0 G,5% G.2 | 5.1 b + Ta
Inconel 750 70,0 15.5 Bal | 0.08 2.5 0.7 11.0 0.5 0.6 Nb
K-95 (uC) 9.0 91.0(w0)
K-167B (TiC) 25,0 5.0 63.0(TiC) 5.3 Wb + Ta
h=-801 6.0 94.0(wC)
LT-2 25.0 60.0 15.0 41,04
Holybdernum 99.9 :
Rex 49 5.0 | 4.2] 3.7 6.7 | Bal | 1.10 c.4 | 2.0 0.3
17-4FH 53 4.0 16.5 Bal | 0.07 2.0 1.0 | 4.0 Cu
304 S5 9.5 19,0 Bal | 0.08 2.0 1.0
316 S 12.5 17.0 | 2.5 Pal | 0.10 1.0
Metco 405 S8 13,0 Ballj 0.08 0.2 1.0 1.0
Stellite 1 (HF) Bal | 20.0 12,0 2.50
Stellite 3 5.0 | Bal | 30.5 12,5 3.0 2.45 1.0
Stellite 6B 3.0 Bal | 30.0{ 1.5 4.5 3.0| 1.10 2.0
Stellite 6H (EF) Bal | 28.0 4.0 1.10
Stellite 1016 (HF) Bal | 32.0 17.0 2.50
Stellite Star J 2.5| Bal | 32.0 17.0 3.0| 2,50
TZH 99.4 0.5 0.08 Zr
Tungsten
Udimet 630 Bal | 1.0 | 17.0| 3.0 3.0 17.5] 0.04 1.1 0.5 .2 | 6.4 + Ta
Yhi ttaker MM 100 9.5 | 17.5 10.5 £0.5| 1.25 0.7

*

Static Contmct Tests Only

Maximum

HF = Hard Facing
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TABLE 6

STATIC CONTACT RESULTS FROM 1200°F TESTS-FIRST HMATERIAL GROUP

Average Self-Welding Coefficient
Meterial Combinations Pin Ha:lci.mum é:‘;::_‘il Ffzitizn Circulating Liquid Sodium gggi.:m
Contact Suili-':ce cFrifg'Fign . Coeiiit:ient Cold—Trapped | Hot Trapped o 120;&;‘ .
Plate Pina A;’ea 4 Pressu.;e ** atcmn 700 lfra X ppm 02) (5 pom 02) giquizaflge
(em“x10™) | (xe/on™) |Pemperature at After | After After After 792 hr
Temperature | 912 hr |1560 hr 745 hr
K-95 (uo) K-95 27 2140 0.3 0.4 0.5 0.8 0.5 0.4
K-95 K-1628 14 5480 C.3 0.3 1.1 1.2 0.8 0.6
H-095 AIST TL 130 570 0.3 0.8 2.0 3.0 2.1 1.9
K-95 AISI M1 115 €50 0.3 0.8 Z.4 2.7 3.1 2,1
K-95 AIST M2 168 440 0.3 1.2 2.2 4.1 %1 2.8
K-95 ATSI K3 Type 1 158 470 0.2 c.7 2.0 2.6 2.0 2.1
E-95 Stellite 68 52 1430 0.3 0.4 0.9 2.0 0.4 0.9
K-95 Colmonoy 4 222 340 0.6 0.3 3.6 4.5 3.6 0.6
K-95 Hestslioy C é8 1000 0.3 0.4 1.3 1.4 1.2 1.5
K-1628 (TiC) K.162B 23 3160 0.3 0.3 0.4 0.8 0.4 0.6
K-162B ATST TL 106 00 0.3 1.0 1.4 2.0 2,0 2.0
X-162B AIST Mi 120 620 0.3 1.0 0,5 1.4 1.5 1.4
K-162B ATST M2 112 660 0.2 1.1 2.2 2.3 2.6 2.3
E-162B AISI N3 Type 2 132 560 0.2 0,6 0.6 1.9 2,2 1,6
K-162B Btellite 68 160 469 0.4 0.9 1.3 2.3 1.6 2.0
K-1628 Colmonoy 4 174 430 0.3 Q.7 2.2 3.6 2.1 1.3
K-162B Hastelloy C 120 620 .3 0.8 1.0 2.4 2.1 0.9
¥-162B Molybdenum 83 890 0.3 0.7 0.6 1.8 1.5 1.0
AISY T1 AISI T1 86 a70 0,2 1.2 2.6 2.6 2.6 2.1
AISI T1 ATST M1 129 580 0.2 7 1.1 1.7 2.4 2.0 2.1
ATST T1 ATSL H2 153 430 0.2 1.0 1.0 2.2 2.3 2.0
AIST Tl AISI I3 Type 1 92 210 .3 1.2 2.0 2.7 2.2 1.5
AIST T1 Stellite 6B 85 870 Q.2 1.1 0.6 2.6 2.0 2.0
AISI T1 Coluonoy 4 151 450 0.2 1.1 3.0 5.5 1.8 1.4
AIBI T0 Hastelloy C 121 610 C.4 o.6 1.0 2.8 2.5 3.1
AISL M2 AISI H2 103 630 0.3 1.1 1.9 Z.1 3.1 2.5
ATST M2 AISI H3 Type 1 143 520 0.2 1,2 2.5 3.1 2.8 2.7
ALSI W2 Stellite €B 154 5E0 0.2 1.1 0.6 2.2 2.1 2.3
4TSI M2 Colmonoy 4 160 460 0.2 0.7 2.5 4.9 1.8 1.7
AIST M2 Hastelley C 85 880 0.2 0.9 1.8 2.7 2.4 2.0
AISI H3 Type 1| AISI M3 Type 1 149 500 0.3 1.1 2.2 2.3 2.0 2.0
AIST M3 Type 1| Stellite 6B 104 720 0.2 1.0 2.7 3.1 2.4 2.6
ATST M3 Type 1| Colmonoy 4 149 500 0.2 0.9 2.7 5.3 2.0 1.5
AISI M3 Type 1| Hastelloy C 96 770 0.3 1.0 2.1 3.5 2.4 2.2
Stellite 6B AIST M1 160 470 0.3 0.8 2.1 4,2 3.4 4.9
Stellite 6B AISI k2 182 410 0.3 0.8 Q.5 2.3 2.7 4.¢
Stellite 6F Holybdenum N 70 0.4 c.4 1.0 1,6 1.4 1.3
Stellite 6B Stellite 6B 91 820 0.4 0.4 0.9 2.4 1.6 2.0
Stellite 6B Colmoney 4 182 410 0.3 G.6 2.2 3.6 2.4 1.4
Stellite 6B Hastelloy C 49 1510 0.2 0.5 0.4 1.7 1.7 1.0
Hegtelloy C AISI M3 Type 1 246 30 0.4 1.5 1.0 4.4 4.5 4.0
Hastelloy C Hdastelloy C 180 630 0.5 0.4 1.6 2.0 2.0 1.4
Catmonoy 4 Colmenoy 4 185 450 0.5 0.5 3.4 4.5 3.6 1.6
Colmenoy 4 Hasgtelloy 165 450 0.3 0.3 2.4 3.6 2.0 1.1
Holybdenum Stellite €B 70 1060 0.3 0.5 1.3 2,0 0.6 0.4
Holybdenun Hzstelloy © T2 1040 0.3 0.3 2.3 1.9 1.0 0.4
Holybdenun Holybdenum 106 700 6.3 0.8 0.9 1.2 1,0 0.9
Tungsten Tungsten 79 940 0.2 0.5 0.8 1.0 0.7 0.6
Tungsten Holybdenum 137 540 0.3 0.4 0.6 0.6 0.6 0.6

# Taken on fresh surface.

Static frietion coefficient, measured in shear on pin plate combinstions that have been under contact preasure during exposure,
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TABLE 7

TENTATIVE DESIGN DATA FROM EXPERIMENTAL SCREENING WEAR TESTS IN LIQUID SODIUA
(Sheet 1 of 10)

Typical | Typical | Typical Coefficient of .. ___in.3  ha _ hf/s _ in./in, B -
Materials Tempera—-| Sliding | Sliding Pin Siiding Friction, B Wear Coefficient, X =TTpin) =18~ F - pei Burnup
‘(mélrz)a Velocity,| Distance, | Pressure, LMEC Teet No, and Remarks
) C v S P . ) Maximum |, -12f, -12 -11 -10 -9 gl &=
Pin Plate (in./sec) (in.x10-5) (psi) Initiall Final Value <10 10 10 10 10 10 Galled
TOOL STEELS
AIST M—i  |AISI M-1 1200 3,2 0.55 121 1.07 | - |D15.3 G 15
ATST W-3  |AISI M-4 800 3,2 28,2 118 0.27 |0.8% | 1.3 5 & o 18
ATST M—4  LAISI M-43 800 3,2 28,2 116 0.25 [0.90 | 2.00 ol eo LECEND 19
. v 0 Sampl ted as typical 20, 30
ATSI 1-4% |[AISI M-3 800 3.2 28.2 121 0.41 |1.90 2.05 o |© ® ® Samples reported as typica 20,
. 2 O Samples other then reported typical
ATSI T-15 |aIST T-1 1200 3.2 0,32 183 0.%4 - ~>1.74 OG Galled samples G 16
: , OR  Samples with buildup
AIST T-1 Aastelloy C| 1200 3.2 23,6 121 0.48 |0.53 |- 0.67 & 431 mangles gailed B 11
Rex 49 Rex 49 1200 3,2 0.28 171 0.34 _ _ B All samples experienced buildup o 34 pins
X Samples at contact pressures<50 pai self-welded to plate.
Rex 40 Rex 4© 1000 1.8 13,4 121 0.27 |0.574 | 0,81 ol @ 20 TIMEC Test No. of sample taken as - 69
. 5 Q typical
R R . . . . . 148
ex 49 ex 49 800 1.8 12.3 118 0.25 |0.46 0.90 . SINBOLS 4
[@]
Rex 49 Hasteltoy Ci - 1200 2.6 19.8 118 0.34 {0.32 | 0.47 ®| 1= Depth of wear {inches) 36
. . A = Apparent area of c¢ontact
Rex 49 Inconel 718| 1COC 1.5 9.3 125 0.31 |0.88 1.74 oep (square inches) 73
R e} L = Load force normel to contact
Rex 49 Inconél 718 800 1.8 12,3 121 0.34 |0.41 0.68 P surface (1b 149
o) 3 = Total sliding éistance (in,)
Rex 49 Inconel 718 500 4.6 29.4 122 0.15 |0.42 | 0.90 | @ P = Pressure {pat) 319
Rex 49 Stellite 6B| 1000 1.8 11.0 132 0.51 |[2.07 [>2.9 B 81
Whittaker
NH-100 Inconel 718 = 800 1.5 9.8 121 0.19 |0.67 | o0.82 cey -1
COPPER BASE ALLOY
Ampco 18-13 Amprco 18-13 aC0 0.39 2.2 28 0.54 1.03 2.16 X 5-1,8-2
Ampco 18-13f Ampeo 18-13| 600 0.39 2,0 28 0.38 |0.38 | 1.27 1B 5-3




Table B Test Data from Sliding Contact Tests in Liquid Sodium
(Sheet 2 of 25)

Haterial Coefficient of Specific WearllK

LHEC ateriats Load |Sliding | Sliding | Tempersture|Sliding Priction| (om3/ke-¢mx1077) .

Test (kg) Velocity | Distance (°c) Tndividual Rems rks*

Ho. Pin Plate 2 | (en/sec) | (env109) Initial | Final 11°iris Average
Tool Steels:{cont)

319 | REX-49 Inconel 718 2.74 8.3 5.98 260 C.15 0.42 0.08 0.57
2.19 11.7 7.48 0.40
1.83 14.1 B.97 0.33

81 | REX-49 Stellite 6B 2.94 3.1 1.8% 538 0.51 2.07 |Buildup Buildup

°.35 3.9 2.31 Buildup
1.96 4.7 2.78 Buildup

T.1 Whittaker Nhi-100 Inconel 718 2.72 3,1 2.08 427 0.19 0.67 1.41 1,22
2.17 3.9 2.50 1.3
1.81 4.7 3.12 0.94

Copper-Basge Alloys:

S-1 | ampeo 18-13 Ampeo 18-13 0.67 0.6 0.41 | 482 .54 0.44 Builgup Buildup
0.50 .8 0.55 Buildup
9,42 1.0 0.56 Buildup

S-z | Ampeo 18-13 Ampeo 18-13 0.56 0.6 0.%4 482 0.54 |1.03 |Buildup Buildup
0.50 0.8 0.46 Buildup
0.42 1.0 .35 Buildup

8-3 | Ampeco 18-13 Ampeco 18-13 0.67 0.6 0.31 316 0.138 .38 |Buildup Buildup
.49 0.8 0.43 Buildup
g.42 | 1D 6,59 Buildup

5-5 Ampeoa 18-13 Stellite 6B 0.81 0.2 0.12 482 0.82 0.75 925.0 1147.
0.64 Q.2 0.16 107 3.
0.54 8.2 0.19 1443,

$-6 | Ampeo 18-13% Stellite &B 0.58 0.2 0.12 452 0.53 0.74 1410. 2650,
0.46 0.2 0.156 5129.
0.38 0.2 0.1¢9 1395.

5-8 | Ampco 18-13 Stellite 6B 0.57 0.2 .11 452 0.42 0.62 981.0 1130.
0.46 0.2 0.14 1465,
0.38 0.2 0.17 943.0

S-4 | Ampco 18-13 204-588 1.77 0.6 0.50 371 0.45 0.23 214,0 288.6
1.33 0.8 0.67 346.0
1.11 1.0 0.79 280.C

§-7 | ampeo 18-13 Hard Chrome Plate|0.72 0.3 0.24 452 0.32 0,32 2020. 1763.
0.54 0.4 0.32 1840.
0.4F 7.5 0.38 1430.

Cold-tranped sodium

unless otherwise noted in Remarks.
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TABLE 9

PROPOSED TEST PLAN CONDITIONS FOR CONFIGURATIONS I, V, AND HB

Confieuration Material Combination Temperature | Pressure | Stroke Travel Total_Disﬁance*
gura (pin/plate) (°m) (psi) (d/in.) (in.)
I CW Type 316 S5/CW Type 316 SS 1200 300 >d/2 1000
(pin on plate) | OF T7pe 316 S3/CW Type 316 S5 1200 300 <d/2 1000
b p:a CW Type 316 SS/CW Type 316 SS| 1200 300 =3/2 1000
- CW Type 316 SS/CW Type 316 S8 1200 20§ 0.125+0.1-0 2000
(wize 1ad) | C¥ Type 316 3S/CW Type 316 S8 1200 5§ | 0.125+0.1-0 2000
Tre on EREA) ) oW Type 316 SS/CW Type 316 SS 1200 5§ | 0.0625+0,05-0 2000
1(118) Inconel 718/CW Type 316 SS 1200 2000 <d/2 1000
(pin on plate) | Lnconel 718/CW Type 316 S5 1200 1000 <d/2 1000
piii on pia Inconel 718/CW Type 316 SS 1200 200 <d/2 10Q0
- CW Type 316 SS/CW Type 316 SS 1200 408 0.125+0.,1-0 - 2000
(wire on clad) OW Type 316 SS/CW Type 316 SS 1200 408 0.0625+0.05-0 2000
CW Type 316 SS/CW Type 316 85 1200 208 0.0625+0,05~0 2000
(11B) Inconel T38/CW Type 316 59 1200 2000 =>d/2 1000
(pin on plate) Tnconel 718/CW Type 316 SS 1200 1000 >d/2 1000
P pa Inconel 718/CW Type 316 SS 1200 200 >a/2 1000
- CW Type 316 SS/CW Type 316 SS 1200 10§ 0.125+0,1-0 2000
(wire on clad) | C¥ Type 316 S8/CW Type 316 S5 1200 108§ 0.0625+0,05-0 2000
1re o ac/. Open 1200 Open Open Open
I Inconel 718/Inconel 718 1200 2000 =<d/2 1000
( in on late)‘ Inconel 718/Inconel 718 1200 1000 <:d/2 1000
b p Inconel 718/Inconel 718 1200 200 <d/2 1000
I .Inconel 718/Incone1 718 1200 2000 ;3d/2 1000
(pin on plate) Inconel 718/Inconel 718 1200 1000 >d/2 1000
P P Inconel 718/Inconel 718 1200 200 >d/2 1000

Note:

CW Type 316 8S is 20% cold worked Type 316 SS.

All

* One month hold after one-half of dfstance traversed.

§ 1b

tests include l-month dwell time,
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IN SODIUM WITH<5 ppm OXYGEN

TABLE 10
WEAR ON TUBULAR CLADDING FROM WIRE-WRAP/CLADDING TESTS

Load on Wire Angle - Depth Worn Away Below
Temyp. oac o T Stroke > Stroke Between Original Surface of Cladding¥*
- Wrap/Cladding § .
of Test . . Length Lengths Wire and
(°F) Combinationt (in.) (in.) Tube Axis 3
(11b) ' ‘ mils mils/1b +in.”/1b
(deg)
1160 1.5 ~0.2 2000 12 £ 6.5 0.27
20 £ 6.5 0.20 -0.5 x 107°
29.5t6.5 .5 0.33
1160 5 ~0.2 2000 12 £ 6.5 2. 0.40
20.5:6.5 2, 0.48 1.5 x 1077
29.516,5 1. 0.22
1160% 20 ~0.2 2000 12 £ 6,5 4. 0.20
20.5%6.5 .8 0.19 -1 x 107°
29.5%6.5 2.5 0.13

* An additional 1-in. of rubbing was performed at various temperatures up

to 1350°F and down

to 450°T to detect any sudden changes in "sawing" forces between wire wrap and cladding.

¥o such change was noted.

T Wire diameter was 0.0560 in.

§ Fach stroke is an arc movement (~0.2 in,) roughly parallel to the tube axis with the arc

length being 13 degrees on a l-in.

radius.

** Extensive material transfer between wire and cladding was always noted, and puildup was as

common as depth worn away.

Majority of transfer may occur on first few strokes.
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Table 11 Carbide coating compositions evaluated

Ccating

designa-
tion
LC-1H
LC-1C
CH-1P

CI
CI-D
CM
™

TN

- Starting
composition
Cr3Cp-15 vol.% Nichrome
CrzC>-12 vol.% Nichrome
CrzCo-15 vol.% NWichrome
Cr302-15 vol.% In. 718%
Cr3Co-15 vol.% In. 718%

Cr3Co-15 vol.% Mo

TiC-15 vol.% Mo

TiC-15 vol.% Nichrome

Applica-
tion
method

D-gun
D—gun
Plasma

Plasma
D-gun

Plasma
Plasma

D-gun

Remarks

Reference coating
Back-up coating
Failed irradiation
test :
Failed irradiation
test

Back-up coating
Failed irradiation
and thermal
cycling

FPailed corrosion
test

Failed corrosion
test

a Inconel 718, trademark of the International Nickel Co.

1]
+3
=
2 : , : 50 - 1 '
Q
S 1.0k 1160°F
o i 450°F —~ 40 | -
O Na
©0.8F
- | N Titapium
S g 30 L carbide §
T9 0.6 — (Mo binder)
O b
£y 0 2
204 % 20 Titaniuw carbide -
g o . - nichrome binder)
& ]
. - . &0
g 9.2 o 10 hromium carbide
8 - T = all, compositions)
O . - ! - ! t yr
o D E P 0 e T IT T Lo L
Materials 0 1006C 2000 3000 4000
%ﬁme@wmeﬁm(mﬂ
Fig. 15 Friction ranges observed Tor various
materials rubbing in sodium, A - chronmium Fig. 16 Corrosion of chromium

carbide-15% nichrome D-gun coatings;

B - other chromium cerbide base coatings;
C - titanium carbide base coatings;

D - chromium platings; & - chromium diffusion

coatings; F - reactor structural materials:

Inconel 718, Hastelloy C, 316 stainless steel,

TZM,

carbide and titanium carbide
coatings in 625°C sodium.



Fig. 17 Cracking found in plasma-sprayed
chromium carbide-15 vol.% nichrome
coating on 316 stainless steel after
irradiation to 1x10%2 n/cm? (250X).

Fig, 18 Detonation-gun coating of
chromivm carbide-15 vol.% nichrome on
316 stainless gteel after irradiation
to 1x10°% n/en® (250%).
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Table 12 Test Parameters for SWEATER

Wear Test Machine

Operating Temperature

Specimen Configuration

Contact Pressure

Motion

Total Travel
Velocity
Dwell Time

Specimen Surface Condition

Sodium Supply Loop

Purity

Fiow

Characterization

400 to 1350°R

Mat-on-flat
Cylinder on-flat

200 to 10,000 psi

Reciprocating, 0.02 to
3-inch displacement
Rotational ~ +7-1/2°
Reciprocating plus rotation
a or b or ¢ plus vibration

Up to 10,000 inches
1 €0 37.5 ipm
0 to ~6 month

As-fabricated and installed
Pre-exposed to reproduce
expected surface composi-
tional changes

<5 ppm oxygen, <2 ppm
hydrogen, maintained by
cold trap, 25 micron
particulate filter

0.1 to 2 feet per second
rast wear surfaces

On-line oxyzen meters.
Bypass sampling for metals,
0, H, N, C and particulates
as required.
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Table 13 Proposed Test Plan Couditions for FTR Core Components

. . Distance Approx
Distance | Approx. ' + P Travel Cvcle Pprox.
Test . , . Temperature | Pressure | Travel .Cycle N Test : ; : Temperature | Fressure Traveled | Veloeit
Mat l1s Ceomb 4 ) ) ’ 7 eled | Velocit Materials Combination Yy . i - reve ¥
To. aterials Combination (°F) (psi) (dopin diam.) T?Z.) (iimi v No. (°F) (psi) (d-pin diam.) (in.) (ipm)
1 Inconel 718/Type 31683 1160 2000 a/2 1000 1
26  CW Type 316S55/CW Type 316SS 1350 5 0.125" 2000 1 /%yp )
: 2  Inconel 718/Type 31655 1160 2000 a/8 1000 1
27 CW Type 31633/CW Type 31635 1350 5 0.0625" 2000 1
- %3 Inconel 718/Type 316SS 1160 10C0 a/2 1000 1
28 CW Type 316SS/CW Type 31655 1350 1 0.125" 2000 1 _ ;
4 Inconel 718/Type %1688 1160 1000 a’s 1000 1
29 CW Type 31633/CW Type 316SS. 1350 1 C.0625" 20C0 1
4 5  Inconel 718/Type 31658 1160 200 a/2 1000 1
30 Type 21658/Type 31658 1100 500 20d 6.5 x 107 Note 19
/ 7 6 Inconel 718/Type 31658 1160 200 a/8 1000 1
31 Type 3045S/Type 3LESS 1160 1000 C.050" 2 x 10 120 6
7 7 Iaconel 718Type 31653 1200 4000 a/2 6.25 x 10 %7.5
32 Type - 30455/Type 316SS 1160 1000 0.1co" 2 x 10 120 6
8 Inconel 718/Type 316SS 1200 4000 a/4 6.25 x 10 37.5
%33  Inconel 718/Type 304SS 1100 2000 a/z 250 1 4
9 Stellite 6/CW Type 31653 1160 100 i/2 7.6 x 107 Note 19
34 Inconsl 718/Type 30453 1100 2000 a/8 250 1 , 4
: 10 Stellite 6/CW Type 31655 1160 100 a/8 7.6 x 107 Hote 19
35  Inconel 718/Type 30455 1160 2000 a/e 1000 1 ) 6,000 sod 6.5 x 104 Tote 19
1 g/T 16SS 1160 1 .5 % ote
36  Inconel 718/Type 3045S 1160 2000 /8 1000 1 11 Inconel 718/Type 3 o ;ooo 42 o0 )
1 718 11
37  Type 30455/Type 30455 1100 2000 a/2 250 1 12 Incomel 718/Incorel 7 . 00 oo Lo00 .
I 1 718 1160
38 Type 304SS/Type 30485 1100 2000 4/8 250 1 13 Inconel 718/Inconel 7 . 000 /2 . )
: I 1718 1160
39 ' Inconel 718/Stellite Star J 400 5000 a/2 330 0.008 14 Inconel 718/Inconel 7 . 000 /s 000 .
I 1 718 1160 1
40  Inconel 718/Stellite Star J 400 5000 /8 330 0.008 15  Inconel 718/Inconel 7 - roo 22 1000 .
18/In~onel 718 11
41 Inconel 718/Stellite Star J 1100 5000 /2 2 % 10% 1 16 Inconel 718/Inconel 7 . o /s 1006 )
8/1 1718 1160 ,
42 TInconel 718/Stellite Star J 1100 5000 a/8 2 % 10% 1 17  Inconel 718/Inconel 7 _ - PR
: : 4 18 Cr Plate/CW Type 31653 1160 100 a/2 7.6 x 107 Note 19
43  Stellite Star J/Stellite 6 1100 5000 a/2 2 x 10 1 4
: . 4 19 Cr Plate/CW Type 31683 1160 100 a/8 7.6 x 107 Hote 19
44  Stellite Star J/Stellite 6 1100 50G0 a/8 2 x 10 1
N : 4 20 WG coating/WC coating 1160 300 a/2 1000 1
45  Type 3048S5/Nitrided Type 30458 1100 500 a/8 2 x 10° 12
; : 21  WC coating/WC coating 1160 30C 4/8 1000 1
46  Stellite 6/Stellite 6 1100 50 a 360 12 ‘
i 22 . Cr plate/Cr plate 1160 300 a/2 1000 1
47 Stellite 6/Type 30485 1100 50 a/8 430 1
. 2% Cr plate/Cr plate 1160 300 a/2 1000 1
48  Inconel 718/Inconel 600 400 200 a/2 1000 1 .
24  CW Type 316S5S/CW Type 31633 1350 20 0.125 20C0 1
49 TInconel 718/Inconel 600 400 200 /8 1000 1 _ .
25  CW Type 3165S/CW Type 316SS 1350 20 0,0625 2000 1
Notes 1. Test Nos. 1-6, 12-17 provide data for Items 1, B(b), in Table 1-1, 1-2,
17. With the exception of test Nos, 24-29, 31, and 32, the testing ) .
configuration should be & flat pin on plate. Nos., 24-29 should be 2. Test Nos, 7, 8 provide data for Item 6 in Table 1-2,
cerried out by using = cylindrical-end pin on cladding tubing on 3. Test Nos. 9, 10, 18, 19 provide data for Item 3(a) in Table 1-2,
plate, or by simulation of operation conditions, using wire on ) . '
cladding tubing. Fos. 33 and 34 should be carried out using a 4. Test No. 11 provides data for Item 5 in Table 1-2,
cylindrical-end pin on plate. For all tests & pin diameter of 1/ 5. Test Nos. 20-23 provide data for Item 1 in Table 1-1,
inch is acceptable. However, in view of the need to establish . i
tively high pressures in some tests, a pin diameter of 3/32 inch 6. Test Nos. 24-29 provide data for Item 2 in Table 1-1,
will be acceptable if the required pressures cannot be obtained 7. Test No. 30 provides data for Item 4 in Table 1-2,
with & 1/8 inch diameter pin. .
: 8, Test Nos. 31, 32 provide date for Item 15 in Table 1-6,
18, Test Nos. 1-6, 12-17, and 20-2% should be carried out with a dwell ] .
period of one week in mid-test. During this time specimens should 9. Test Nos. 33, 34, 37, 38 provide data for Item 9 in Table 1-4,
betgaigtained at the teat temperatures and pressure, but will be- 10. Test Nos. 35, 36 provide data for Item 7 in Table 1-3,
movicnless.,
11. Test No, 45 provides data for Item 12,in Table 1-5,
Decisions on the incorporation of dwell period into other tests . ,
will be contained in later revisions of this specification. 12, Test Wos. 39, 40 provide data for Item 10 in Table 1-4,
19. Table 1-4 indicates two velocities, one test (12 fps) during scram 13, Test Wos, 41-44 provide data for Item 11 in Table 1-4,
situations and then a slow return from the acram position (4 ipm). 14. Test No. 46 provides data for Item 13 in Table 1-5,
The tests should replicate this situation as closs as is feasible, .
- 15. Test No. 47 provides data for Item 14 in Table 1-5,
20. .Tests on Cold Worked Type 316 stainless steel/Cold Worked Type 316 _ ) 0 T
stainless steel for Item 1 in Table 1-2 have already been completed 16, Tlest Nos. 48, 49 provide data for Item 8 in Table 1-3,

and are not included in Table 2-1.°




Table 14 Proposed Test Plan Conditions for IVHM Components in FTR

_ Dwell Travel Total .A rox Dyell Travel Total A rox.
Test Materials |Temperature e Pressure Cycle | Distance PPIOX. | mogy Materials Tewmperature . Pressure | Cycle Distance Pprox.
) . > Time . . Velocity . X Fo Time . . o Veloecity
Ho. Combination ( F) (h ) (p31) (d = pin | Travelled (i m) No., Combination F) hrs) (p51) (d = pin | Travelied (i )
s aia.)|  (in.) P ; dia.)| (in.) P
A-1 Inconel 718/ 450 - 1000 64 200 10 A-12 Stellite 1016/ 450 -— 2000 64 3000 100
Inconel 718 1100 1658 5GO —_— —_— - Tnconel 718 1100 168 0 - - —
450 —— 1000 £d 300 10 450 —-— 2000 6d 3000 100
4-2 Inconel 718/ 450 - 5000 6d 300 10 413  Inconel 718/ 450 ——— 500 6d 3000 100
Inconel 718 1100 168 2000 — - - otellite 3 1100 168 0 - —— -
450 - 5000 6d 300 10 450 - 500 6d 3000 100
A3 Inconel 718/ 450 —_— 1000 a/2 300 1 A-14 Inconel 718/ 450 -— 2000 64 3000 10G
Incenel 718 1100 168 500 _ _— - Stellite 3 1100 168 0 - —— -
450 -— 1000 a/2 300 1 450 —_— 2000 6d 3000 100
A-4  Inconel 718/ 450 —_— 5000 a/2 300 1 A-15 Inconel 718/ 450 — 500 6d 3000 100
Inconel 718 1100 168 2000 — —_— —_— Type 304 35 1100 168 0 - — -
450 -— 5000 d/2 300 1 450 - 500 6d 3000 100
4-5 Inconel 718/ 450 —— 500 6d 3000 100 A-16 Inconel 718/ 450 S 2000 6d 3000 100
Inconel 718 1100 168 0 —_ — —-— Type 304 88 1100 168 0 — —_— -
450 —_— 500 6d 3000 100 450 — 2000 6d 3000 100
A-6 Inconel 718/ 450 —_— 2000 6d 3000 100 N
Inconel 718 1100 168 0 — — — . NOTES
450 —_— 2000 6d 3000 100
1. Test Nos. A-1, A-2 provide data for Items 2, 3, 4, 8, 9 in Table 2-1 2-2, 2=
A-T  Stellite 1016/ 450 ——— 1000 6d 300 10 ’ T ’ ’ S
Inconel 718 1i28 168 lggg ga —55 "6 2. Test Nos, A-3, A-4 provide data for Items 1, 5, 7, 8, 10 in Table 2-1,2-2, 2-3,
— % 1
3. Test Nos. 4-5, A-6 provide data for Items 11, 12, 13,in Table 2-4, 2-5,
A-8 Stellite 1016/ 45C — 5000 6d 300 10
Inconel 718 1100 168 2000 - - - 4. Test Nos. A-7, A-8 provide data for Items 2, 3, 4 in Table 2-1,
450 — 5000 6d 300 10
5. Test Nos. £-9, A-10 provide data for Items 1, 5 in Tsble 2-1, 2-2,
A~9 Stellite 1016/ 450 —— 1000 a/2 300 1
Inconel 718 1100 168 500 - — - 6. Test Nos, A-11, A-12 provide data for Items 11 in Table 2-4,
450 — 1000 a/2 300 1
, T. Test Nos. A-13%, A-14 provide dats for ILtems 12, 13,in Table 2-5,
A-10  Stellite 1016/ 450 — 5G00 a/2 300 1 '
Inconel 718 1100 168 2000 —_ _ — 8. Test Nos. A-15, A-16 provide data for Items 6, 14, 15 in Table 2-2, 2-5,
450 —_— 5000 a/2 300 1
. 9. All tests should be performed using a flat pin on plate configuration, for
A-11  Steilite 1016/ 450 —_— 500 6d 000 10C which a pin diameter of 1/8 inch is acceptable. If the required pressure
Inconel 718 1100 168 0 — — - cannot be obtained with a 1/8 inch diameter pin, a pin dizmeter of 3/32 inch
450 —_— 500 6d 3000 100 is acceptable,




Teble 15 Proposed Test Plan Conditions for Self-Welding Tests

Test Material Temperature| Pressure Exposure
Wo. Combination %°F) (psi) Time {(months)
1) 800 30, 000 6"
2 500 10,000 6
3 >gype 30488/ 800 10,000 12
4 ype 30455 800 2,000 6
5 800 2,000 12
6 / 800 2,000 24
7 ) 800 30,000
8 ’r?§§2/304ss 800 15,000 6
9 800 15,000 24
10 }ﬂbpe 31638 800 10,000 6
11 f1Inconel 718 800 2,000 6
12 } Cr-plate 800 10,000 6
13 Inconel 718 800 2,000 6
14 }WLmaﬁny 800 10,000 &
15 4 fnconel 718 800 2,000 6
16 }Nitrided Type 800 10,000 6
17 31635/Inconel 718 800 2,000 5
18 Type 31688/ 1200 1,000 6
Type 31638
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Fig. 22 Self-Welding Test Chamber
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Table 16 Friection in Sodium

Matgria} Duration of Duration Coefficiegt 9f Sliding ‘We%ght
Temp. °C Combination Immersion at | Load, ke Exposed Friction Variations, mg
Rotating | Stationary 60000’ hr Feriod, min Iniﬁial Nax. Stabilized Si:ifizn g;zz;;zﬁ
600 130 V12 41,73 60 C.28 0.28 0.16 +0.8 -2
400 n n 40,0 60 0.37 0.37 0.2% 0,0 -3
200 n " 39,6 &0 Q.59 1.08 0.89 +4.2 -30.9
600 " n 40.% 60 0.50 | 0.53 | 0.3 -2.4 +0.8
200 " " 1 40.0 60 0.55 0.56 0.50 +1.7 -58.6
600 H " 1 41,3 60 0.45 0.45 0.20 -2.1 +1.1
600 " " 21/2 39.9 60 0.28 0.28 0.25 0.0 +0.9
600 " n 5 41.7 60 0.73 0.73 0.66 -6.9 +1.7
400 " " 5 40.3 60 0.23 C.26 n,25 +2.8 +0.4
200 " " 5 8.6 60 0.59 0.59 2,27 +0,2 +1.1
600 " L 15 41,0 €0 0.56 0.66 0.65 +1.2 -3.3
600 n " 15 40.5 €0 0.09 0.38 0.38 +1.3 -1.5
600 F 130 g1 41.2 60 0.33 | 0.37 0.29 -1.3 -60.6
600 " " 15 338.7 60 0.15 0.32 0.3 -1.1 0.0
600 " " 15 40 60 0.38 0.73 C.72 -3.0 -0.1
600 F 130 ZNZ 41.2 60 C.39 0.46 0.32 ~-3,2 -31l.3
600 " " 15 40 60 0.12 0.12 0.10 -0.1 +1.7
600 F 130 FC 39 60 0.72 0.72 0.44 -1.5 -15.5
600 " " 15 40.7% 60 0.18 0.34 0.32 -4.0 . +1.5
600 F 130 v 24 41.4 60 0.30 0.30 0.21 -5.4 -38.2
600 " " 15 40.5 60 0.11 0.11 0.10 -1= +8.3.




Table 17 Friction in Sedium after Prior Immersion of 10 Hr in Sedium at 600°C

cMat?ria% ] Duration CQEfficie?t Qf ) W?ight Renarks
Temp. ombination Immerglon Load, | Exposed Sliding Friction Variations, mg
"¢ | Rotating | Stetionery Duri:lon’ ke [ Period, | yoiiia1) Max. | Stabiligea | Stetic | Rotating
min. b Specimen | Specimen
600 P 130 WC 1¢ 39 30 0.28 0.28 0.16 +2.5% -18.2 Leak on turning seal
a00 F 130 TIC 10 39 15 0,15 +94.4 +8.3 Great vibrations; porous carbiile
600 F 130 V12 10 40 30 7 0.17 0.17 0.13 +2.2 +1.5 Lesk on turning seal
420 F 130 g5 10 40 60 0.66 | 0.34| 0.31 0.2 +4.4
400 F 130 CK 45 10 40 60 0.43 | 0.58 | 0.43 -0.3 +3.4
400 F 1350 We 10 39.5 60 C.49 | 0.49| o.28 -1 +2.5
400 F130 TiC 10 40 60 0.07 0.07 | 0.05 -4.6 +2.8
400 F 130 &3] 10 39 60 O0.4¢ | 0.37T | 0.35 0.4 +1.2
200 F 1% ZNZ 1 40 . 60 0.85 | 0.85 ] 0,72 -6.2 +1.G
600 ¢l a5 10 40 50 0.3 | 0.64| o0.56 -0.8 -1.1
400 a1 7 10 40 &0 0.26 | 0.49 | 0.40 -12.5 0.7
Table 18 Tests of Journal Bearing Combinations in Sodium
ournal Bearing Rg:ﬁ?izigis Load, X Tempfraturg Friction Coefficient N;::iion
C Maximum | Mean | Minimum {sce Text)
Stellite 6 {1) Colmonoy 6 {1) 4,500 5,000 to 250-580 C.46 0.4z | o.% A
20,000 .
Stellite 6 (1) Chromi.m (2) 6,750 " " 0,70 0.55 | ©.35 ¢
Fluginox €35 Colmonoy 6 (1) 6,400 " " 0,60 0.45 | n.20 c
Adnic 482 D {1) adnic =6 D (1} 4,500 " " 0.4¢ 0.35 9.50 B
Colmonoy 6 (1) Colmonoy 5 {1) 4,500 " " 0.60 0.45 0,26 B
Tungsten carbide (3) | Chromium (%) 5,000 " " 0.52 ndaz | 0.30 c
sercmetal E Virium 16 5,000 " " 0.50 0.39 | 0.20 B
Virium 30 (1, Virium 24 (1) 5,000 o " 0,42 0.35 | 0.28 E
Colmonoy 6 (1) Colmonoy 5 (1) 18,000 i " 0.60 0.35 C.19 B

(1) Flame sprayed
(2) Glectroplated

}- on Type 316 stainless steel.
(3) Plusna-sprayed
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Table 19 Friction Endurance Test

A L. 75 CHDTV TZM
Material pairs: - 25.15
B iieen.. W + 7% Co CW + 7% Co

Test Conditions

Test duration, hr, in sodium 820 650
at 400°C; cold trap at 120°C
Friction duration, hr 100 80
Specific pressure times speed, 160 150
kg/cm~s
Results
. . ' -11 -11
Specific wear of material A, 3,32 %X 10 1% x 10
cm3/cm—kg
- o . -11 -11
Specific wear of material B, 1.1 x 10 1.64 x 10
cm3/cm—kg
Transversal rugosity, lO_Bmm
Before test N 0.1 .09
After test 3 2.2
Before test B 0.01 0.13%
After test 0.06 0.55
Stabilized coefficient of 0.% 0.40

sliding friction (friction
from short-term test)

* Necessary for very plane surface of material.

—g -
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-Table 20 Test results of all material couples

Column 1: measured adhesive strength (kp/mm2)
Column 2: adhesion coefficient H

Contact time
Sodium temperature
Flushing time

Contact pressure {rated)

168 hr
700°C
Z4 hr

250 kp/cm2

168 hr
700° C
24 hr

300 kp/cw

168 hr
~700°C 580°C
0 hr > 24 hr
250 kp/cw

168 hr

250 kp/ecm

1 2

[

2

1 2 1

2

naterial couple

4961-4061
49614988
4961-4981
4961-7383
4961-Incenel 718
4561-FeCrb0
4961-5tellite 6
4961-Ferrotic T
4961 -Ferrotic U
4961-TZH
4988-4988
4988-4981
4988-7383
4688-Inconel 718
4988-FeCr50
4988-Stellite 6
4933-Ferrotic T
4988-Ferrotic U
4988-TZk,
4981-4081
4981-7383%
4981~Inconel 718
4981-FeCr50
4981-Stellite 6
4981-Ferrotic T
4981-Ferrotic U
4571-4571
4571-FeCr50
4571-Stellite 6
4571-Ferrotic T
4571-Farrgtic U
47501-4301
43C1-Inconel 718
4301-FeCr50
4301-Stellite 6
T383-7383
7383-Inconel 718
73835-Felr50
7383=-Stellite 6
7383-Ferrotic T
Inc. 718-Inc.718
Ine. 718-FeCr50

Inc., 718-3tellite 6
Inc. 718-Ferrct. T
Ine. 718-Ferrot, U

Inc, 718-TZM
Felr50-Felr50
Falrb0-Stellite 6
FeCr50-~Ferrot., T
FeCr50-Ferrot, U

Stellite 6-Stellite 6

Stellite 6-Ferrot.
Stellite 6-Ferrot.
Ferrot. T-Ferrot.
Ferrot. T-Ferrot.
Ferrot, T-TZM

Ferrot., U-Ferrot. U

Ferrot., U-TZM
T7H-TZk

m O
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0.02%) 0.05
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0.0i*%) 5,002
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8.17%)
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0.01%) 0.002 0
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0.35

a) Contact pressure 50 kp/cma.
b) Contact pressure 100 kp/cm2.

¢} Result doubtful,

@) Maximum value.

d) Not yet evaluated.
f) Yield point exceeded.



Table 2]

Test results of austenite couples arranged by increasing differences of
the nickel content in the alloys

Column 1: adhesive strength (kp/mmz)
Column 2: adhesion coefficient H

Contact time 168 hr

Sodium temperature 700 °C

Flushing time 24 hr

Contact pressure (rated) 250 kp/cm? 500 kp/cm®
Material couple Ni diff, 1 2 1 2
4981-4981 0 4,11 .59 >8.4 >1.71
49614961 0 8.4 3.41 8.24 1.68
4988-4988 G 0 0 8.05 1.6
4988-4961 0 4.9 2.0 9.33 1.91
4301-4301 0 3.43 0.69
4981-4961 3 0 0 3.4  0.76
1981-4988 3 0.8 0.33 3.86 0.75
4988-4571 3 a)

4981-4301 7 a)

2) Results still forthcoming.



Table 22

Materials investigated and their compositions

Material Chemical composition (wt%)

Austenitic steels C Si Mn Fe Cr Wi Mo b Ta Ti Al v Others
K8CrNilNb 1613 (4961) ¢.03 0.25 0.8 balance 16.25 13 0.47 0.01

X8CrNiloVNbL 1613 (4988) C.06 0.3 1.25 balance 16.25 1%.35 1.24 0.6 0.7

X8Crlillollb 1616 (4981) 0©.056 0,15 1.1  balance 16,5 13,35 1,67 0.58 0.05

X10CrNiMoTi 1810 (4571)30.1 =1 =2 balance 18 10 2 0.5

50rNi 189 (4301) 0.04 0.6 1.3  balance 18.2 '11.2

Ferritic steel N
10CTMoNilNb 910 (7383) 0.065 0.15 0.6  balance 2,2 0.7 0.93 0.74 0.01
Nickel base alloy

Inconel 0.05 < Q.01 <0.05  16.7 18,5 balance 2.9 1.5 0.6

Hard facing alloys W Co
Akrite Felr50 2.6 2 balance 27

Stellite 6 1 27 4.% Thalance
Hard metals TiC _ Cu
Perrotic T 14 balance 14 16.5 3.5 0.5
Ferrotiec U < 0.06 balance 12 8.5 0.5 2.5

TZM balance Ti=0.,5 Zr=0,8
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Fig, 36 Friction Behaviour Within Different Strokes
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Table 23 Parameters of Friction Tests

Temperature 473 - 873 LXK/
Amplitude 2 -5 /[mm/
Contact pressure 0.6 - 10 EOT N/mi7
Total travel 5 - 120 /fm7
Dwell time 0 - 24 [h7
Velocity Specimen
Remarks
/mn/min/ flat on flat
TI\IOS’) 4 % 3 static
10 2,5 x 2b) sodium
(7 runs) 1x1 0, <30 ppm
% 2b) dyn.
GFK 10/160 §¢ 2 sodium
(26 runs) 0o < 10 ppm
static
1A 0.8 4 % 2b) sodiuvm
(6 runs) ~ 540 0 << 20 ppm

a) Only INCONEL 718

b) Larger dimension in direction of motion [mn/
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Tab. 24 Legierungsbestandteile und Warmhirte der untersuchten Jerkstoffe
C Si Mn P 3 Cr o Hi Al B )] W e Ti Co Hirte bei 650°C

1.4961 0,08 | 0,4 i,2% | 0,008 1 0,013 | 16,0 13,0 104550 | Hest 0.015 H:RB ac - 50
1.4981 0,08 | 0,05 l,é4 0,013 | 0,006 | 16,5 1,63 16,6 0,8 Rest | Rest
Inconel 718 | 0,25 | 0,03 | 0,01 | 0,005 | 0,003 | 18,85 | 3,06 53,1 ¢.72 | 0,0061| 5,45 18,85 | 1,13
Inconel 750 | 0,55 | 0,23 | ¢,10 | 0,008 | 0,005 | 14,3 0,68 | 0,0045] 0,76 2,20( 2,62 | 0,32 HR, 28 - %
RGT 3 0,06 20,0 Rest 1,4 5,0 | 2,4 BR, 37 - 40
Eastelloy C | ©,08 | 0,03 | 1,0 0,04 14,5 15-17| 54,0 4,0 6,2 2,5 HRp 87 - 90
TZM 0,025 99,4 0,002 0,01 0,50 HRy 95-97
Armco-Eisen Unlegiert '
Stellit 1 2,5 0,0 12,0 ‘Rest HR, 40 - 42
Stellit 6H 1,0 27,0 4,5 Rest | HRC 27 - 30
Colmonoy 6 | 2,6 16,5 70,0 3,75 Re + Si + C 10 % max HR, 43 - 45
Axrit Co 50 27.0 ‘nest HR, 40 - 42
Hartmet. Kl WC - Wi




Tab. 25 Ergebnisse aus Vorauswahl-Versuchen mit Paarungen

gleicher Werkstoffe

Werkstoffpaarung Spez. Verschleissrate Reibungs—
3 zyl. Proben| Ringscheibe 3 Proben| Ringsch.| Gesamt | beiwert
Stellit 6H Stellit 6H 2,83 30 32,83 | 0.63
Stellit 6H Stellit 6H === 46,7 0,71-0,73
1.4961 1, 4961 1,1 -0,95
vl TZM 11,0 180 191 0,68
TZM TZM 11,1 240 251 0,65
Nimoniec 80 Nimonic 80 === 150 >1
Nimonic 80 Nimonic 80 === 190 >1
Inconel 718 Inconel 718 0,27 2,48 2,75 0,47
Inconel 718 Inconel 718 0,634 2,02 2,654 | 0,60
Inconel 718 Inconel 718 0,353 4,63 4,983 |0,53
Hastelloy € Hastelloy C 0,4 1,68 2,08 0, 38-0,5
Hastelloy C Hastelley C ¢,9 1,36 2,26 0,4
Nimonic 80 Nimonic 80 14,7 98,3 113 10,52-0,48
Inconel 750 Inconel 750 2,33 2,72 5,05 0,57
Inconel 750 Inconel 750 2,68 1,88
Inconel 718 Inconel 718 0,52

= Aufschweissung

Mox 10"10

cmg/cm—kp
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Tab, 26 Ergebnisse aus Vorauswahl-Versuchen mit Paarungen

unterschiedlicher Werkstoffe

Werkstoffpaarung Spez. Verschleissrate®| Reibungs-
3 zyl, Proben | Ringscheibe 3 Proben | Ringscheibe beiwert
Armco Eigen Akrit Co BO 5,17 S
Akrit Co 50 Akrit Co 50 0,16 1,5
Colmonoy & Inconel 718 0,038 0,79
Stellit 6H Inconel 718 0,55 3,46
Adrmco Eisen Akrit Co 50 5,54 F—
Akrit Co 50 Akrit Co 50 | 0,162 1,2
Colmonoy 6 Inconel 718 4+ 0, 644
Steilit 6H Inconel 718 0,77 1,475
Stellit 6H 1.4961 35,0 237 0,95-1,20
Stellit 6H 1.4961 32,0 230 1,10-1,0
Stellit 1 1.4961 === 225
Coimonoy 6 1.4961 _ 228
Inconel 718 1,4961 13,3 250
Inconel 750 1.4961 30,5 202 0,58
Stellit 6H Inconel 718 28,0 Fu
Colmonoy 6 Inconel 718 0,17 10,2
Stellit 6H TZM 17,12 220
Colmonoy 6 TZM 12,25 280 0,62
Nimonic 80a Colmonoy 6 0,79 9,65
Inconel 750 1.4981 25,0 200 0,70
Inconel 750. 1,4961 22,0 210 0,68
Inconel 750 1.4981 36,5 226,0 0,76
Inconel 750 1.4981 36,0 137,0 0,73

* Oberfldchenravh, W + Ry mm

= Aufschweissung

& -10

x 10

cm3/cm - kp
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Table 27

Composition of specimens

Name of Material

Composition (% by wt.)

FHY
(A.T.8.1I. 440B)

580 {En57)
En58B

18.4.1 Tool steel

FV5208B

Deloro SF40

DTD197A

AB 1

Ampeco 18-13

Ampco 22

0.75 - 0.95 C, 1 Si, 1 Mn, 0.03 S, 0.04 P,
17 Cr, 0.75 Mo, 1.25 — 2,50 Ni, 0.25 -
7.75 Ob, rest Fe

0.25 ¢, 0.1 - 1.0 8i, 1 Mn, 0.045 S and P,
15.5 - 20.0 Cr, 1.0 - 3,0 Wi, rest Fe

0.15 C, 0.2 8i, 2 Mn, 0.045 S and P,
17-20 Cr, 7-10 Ni, Ti = 4 x C, rest Fe

0.7 C, 18 W, 4.25 Cr, 1.1 V, rest Pe

0.05> C, 14,3 Cr, 5.5 Wi, 1.6 Mo, 1.8 Cu,
0.35- b, rest Fe

7.5 Cr, 85 Wi, 1.5 Fe, 4 Si, 1.5 B
8.0 - 11.0 Al, 4.0 - 6.0 Wi, 4.0 - 6.0 Fe,
0.05 Zn, 0.2 Sn, 0.05 Pb, 2,5 Mn¥,

balance Cu

(max& (max&
8.5 - 10.5 41, 1.0 I, 1.0 Ni, 1.5 - 3.5 Pe,
0.5 Zn, balance Cu

10.5 Al, 3.5 Fe, 0.5 others, balance Cu

14.1 A1, 4.7 Fe, 0.5 others, balance Cu

* At manufacturers opiion
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Table 28 SPECTFIC WEAR RATE, FRICTION AND HARDNESS RESULTS

—-821—

. . Pin Specific Wear Rate (k) Range of Friction Average Hardness (vpn)
Combination at 400°C in {emd/cuKg) Coefficient (Dynamic) (30 Kg of load)
Pin Sleeve After soak at ATt Before Test | After Test
Initial 600°C for 7 Initial Oair
(see Table 27) days s Pin | Sleeve | Pin | Sleeve
THI FHI 2.4 x 10712 £ e 107 0.3 - 0.4 | 0.6 -0.8|610| 570 |355| 355
(1.6, 3.1) @ (1.7-2) (® |
S80 B 9.6+ 5.3 x 1072 | 8.5 x 107H 0.4 - 0.5 | 0.2 525 | 570 | 290 | 360
—11 ;
47 X 10 0.2
130 x 107+ 0.2—=0.7
En5eB FHM .9+ 1.8 x 10711 [ 1.4 x 10720 0.4 — 0.6 | 0.7 - 1.0| 210| 575 | 210 | 3%
| (1, 1.8)®
FV520B THH 2.6 x 1070 5.9 x 10710 0.8 - 1.0 575 | 560 | 335 | 355
(1-3.4) ® (2.8, 4.5) >
s80 SF40 1.5 + 0.7 x 1002 3.9 x 10719 0.5 - 0.6 | 0.5 - 0.7| 320| 455 | 285 | 515
| (3.5-4.4) ®
En58B SP40 P3 ck-up* ©) 8.5 x 1070 0.5 - 0.7 | 0.5 -0.7]| 210| 455 |210| 515
(1.16)
FHM SF40 Pick-up @) 3.4 x 10720 0.3 - 0.45 | 0.6 - 0.7|565| 465 | 350 | 515
(33.7) 3 _
SF40 SF40 Pick-up (@ - 0.4 - 0.5 - 455 | 480 - -
En58B 18.4.1 6.4+ 1.7 %1077 1.2 x 1071740 | 0.4 - 0.6 | 0.4-0.6)210) 880 190
Tool steel o @ 7.5 x 10 9
En58B 580 2.9+10° @ |2%0.75x107°|0.8-1.0 | 0.5-0.7|210] 350 195 | 285
18.4.1 FV520B 1.1 x 10732 8.5 x 107 0.3-0.6 | 0.6-0.8|775| 3% |445 | 310
Tool steel (0.9, 1.3) @ 1(0.13,8.5) ®

Notes: 7T CircTed figures are numbers of individual wear itests in. each condition.
Where this is 3 or fewer the average and range of wear rate is given, but for 4 or more tests
the average and standard error are shown.

* 1 test out of 8 gave k = 3 X 10_12




Table 29 Wear and friction results for aluminium bronze.rubbing

-against En58B stainless steel

at 200°C

in sodium vapour a argon

Pellet Material

Specific Wear Rate (k)
cm-/emkg) of pelle
? 3 ) of pellet

BS 1400 (1945) DTD1974
BS 1400 (1948} 4Bl
Ampee 18 ~ 13

Ampeco 22

1.4 x 10°1°

> x 10710

4.0 x 1010

2.7 x 10710

Range of
Friction Coefficient
0.4 - 0,45
0.3 - 0.4
0.3 - 0.5
0.35- 0.6
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Table 30 Material Combination

mtesier Compination | "200023 () | Slitize | o
Stator Rotor Stator| Rotor (cm/gec) (kg)
Stellite Fo.6 | Stellite Wo.0 i 1 3,6 390
n " 1 1 10.7 435
SUS 304 " 0.4 | 1 3.6 390
Colmonoy No.6 g;}%g& Stellite 1 0.6 3.6 345
" " 1 0.6 35.6 390
SUS 304 " 0.4 | 0.6 3.6 390
Colmonoy No.6 | Metco 16C 1 0.3 35;6 525
SUS 304 " | 0.6 | 0.3 3.6 345
Le-1C (G/F) | Le-1¢ (6/F) 0.4 | 0.4 3.6 | 290
" " 0.4 | 0.4 3.6 120
SUS 304 " 0.4 0.4 3.6 390
Lc-1¢ (B/F) LC-1C (B/F) 11 11 0.7 390
" " 11 11 3.6 390
SUS 304 i c.4 | 11 3.6 390
LW-11-40 LW-1N-40 c.4 | 0.4 3.6 200
SUS 304 | " 0.4 | 0.4 3.6 300
SUS 304 LW-5 0.4 | 0.1 3.6 435
sUS 304 SUS 304 0.4 | 0.4 3.6 | 390
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Table 31 WEar Rate
Material Combination Wear Depth, Wp (um) Wear Volume, by 3 Bi Specifi; Wear Rate,
) : 3 v 2
Stator Rotor ?giigsii leﬁ:fiﬁgfal ?gtiiirg (mm- kg) Vg = $§§§EE§E-(mm /ke)
(Stator+Rotor) (Stator)
Stellite No.6!| Stellite No.6 4 0.18 6.27 x 107 2.89 x 1077
" " 34 2.28 % 10°
SUS 304 " 8 58 0.31 6.27 x 107 4,94 x 1070
l Colmonoy Mo.s | Po1gT0 Stellite) 4 -0 5.01 x 10 ~0
o " n 6 20 1.28 6.20 x 10° 2.06 x 1077
T SUS 304 " 17 2.35 6.27 x 107 3.75 % 107°
Colmonoy No.6 | Metco 16C 49 1.08 x 109
SUS %04 n 19 25 2.78 5.01 x 107 5.55 x 107C
Le-1¢ (G/F) LC-1C (G/T) 11 1.68 6.27 x 10/ 2.68 x 10°°
" " 86 174 32.56 8.67 x 10/ 5.76 % 107
SUS 304 " 13 11C 0.54 6.27 x 10" 8.61 x 1079
LC-1C (B/F) | 1C-1C (B/F) 3 0.41 1.22 x 107 3,36 x 100
" 0 17 3.04 1.27 x 107 4.85 x 1078
SUS 304 " 10 23 0.99 6.27 x 10" ".58 x 107C
L¥-1N-40 LY-1N-40 6 0.13 5.89 X 107 34 % 1077
SUS 304 n 35 2.74 3.89 x 10/ .04 x 1078
SUS 304 SUS 304 5 0.37 6.27 x 107 .90 x 1072

Tested for 15 minutes at each load step
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£-32 BIEBIRRBE—ER

TN | NamE #EEE DR RHLED 0y | BB up 5| BTN
1| 6500 |SUS316 V8. ST8316 46 19 . ~0
2 n SUS316 V8, SUS316 123 7 970
3 P p P " ' 224 39 260
a . " # p 576 1.5 470
51 « | u " | 1162 075 ~0
6 " " #” # 2210 2.3 800
7 # 8US8316 VS8 SUS420 57 154 1680
8 , " " " 192 4.6 2040
9 p " p " 770 1.1 1000

10 ” SUS 420 V8, 8US420 197 4.5 770
11 p SUS“égr&%(;@j’;}f 220 40 560
12 " BUS316 V3. HECrAvs 220 4.0 140
13 6000C |SUS316 VS, Ni 220 4.0 58
14 | ¢ oa p VS, Ni-Cr 220 4.0 672
15 . p p 840 1.1 442
16 " p Vs, LW5 220 4.0 270
17 " “ VS, X754 +466 220 4.0 245
18 p o VS, SUS316 840 1.1 193
19 a “ VS8, W 220 4.0 91
210 “ " VS, W 840 1.1 30
21 " SUS316 VS, 8US316 220 4.0 405
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Table 33 Surface Roughness of the Specimens

before and after Testing

Specimen Measured Opposed Roughness
’ No. ;aterials) iaizriali Change(u) femarks
before | after |
2-2 SUS 316 ( Hi ) 0.2 14
" Wi (sus 316) 14 6
2u3 SUS 316 ( Mi-Cr ) 0.2 8
L Wi-Cr (sus 316) 18
2-4 SUS 316 ( §i-Cr ) 0.5 8 Apparent contact
! Ni-Cr (sus =16) 18 12 |Area 8.4 cn®
2-5 SUS 3516 (e-2) 0.2
" G~ 2 (sUs 316) 14
2-6 G-~ 2 ( #0 )} 14 12
" Mo (G-~2) 15 14
2-7 SUS 316 ( Mo ) 0.2 4
n Mo (sus 316) 15 7
2-8 SUS 316 ( Mo ) 0.2 0.8
" Mo (sUs 316) 4 5
2-9 SUS %16 (W) 0.2 8.5
" W (sUs 316) 15 10
2-10 SUS 316 (w) 0.2 3 Apparent Contact
" W (sUs 316) 15 14 Area 8.4 com®
2-12 SUS 316 {sUs 316) 0.2 0.5 |Apparent Contact
" SUS 316 (8US 316} 0.2 0.8 |Area 8.4 cn®
2-13 LC-1C (LC-10) 0.8 1.2
" LC-1C (LCc-10) 0.8 | 1.0
2-14 LW5 (sUs 316) 0.8 14
" SUS 316 (LWs) 0.2 | 40
2-15 SUS 316 (stellite No.6) 0.2 1.5
" stellite No.6 (sUs 316) 0.2 0.6
2-16 SUS 316 (sUs 316) 0.2 0.8
" SUS 316 (sus 316) 0.2 0.5
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Table 34 Summary of the results of self-welding tests

} Combination of materials |Weldability Remarks
SUS316 vs. SUS316 | Welded (O): 8 couples (K*=1,6)
SUS316 vs. SUS420 1 Wwelded (O): 4 couples (K*=2.0)
Hard chrome vs, Hard chrome 5 Non welded (X): 9 couples
s 1
5 _ O
Hard chrome vs. SUS316 4 i3
Colmonoy No.6 vs. .
Colmonoy Ho.6 5 x4
Stellite No.6 ve. SUS316 3 O 1 (x%=0.3)
x5 2
1o'1+2) ys, sussie 4 O: 1
>t 4
W 12) oo sussie 4 O 2 (K*=0.15)
. > 0 P
ool o, sussie 5 4
Ni(l) vs. SUS316 1 O 3 (K¥=0.3)
Ni(l) vs. Ni-Cr 1 O
Ni—Cr(l) v, SUS316 : 1 O 3 (K*=0.8)
ne-1ct?) vs, 1e-1c¢?) 2 O+ 3 (K=0.7)
(3) O:1
LC-1C . SUS316 )
s 51 4 <1
LC—lC(z) vs. LC_10(2) 3 O:1
LC—lC(B) vs. LC-lC(B) 5 >l
LW;S(B) va, SUS316 2 O 2 (k*=0.35)

(1): Coatings applied by a spark discharge deposition process from
an electrode of the coating material (called wire explosion
process).

(2): Plasma-Gun coating.
(3): Detonation-Cun coating

Breckaway force (Kg)
Test load (Kg)

Wweldability 1 ¢ The most weak resistance against self-welding
.

B o=

Weldability 5 : The best resistance againsi self-welding.

—-160—




Y T

HFrodt—R—

{ST—80%&)

AN —

7ar~ by fREHHES !
Siak, MOER = — ¥ er b7 20Kg em \
wkig 5TON, JUEEsmAE (LU-5TE) P
] g TON 500 \ -
o 4 TON 250 \ 450
2135 \
o | \ " L A || o \
\ \ 62 \ o | uss 41y 500 \ 50 . 40
90 100 80 . 140 230 R \ \
| T ‘ — 150 -
bl \ 7
] L \
i o JU__J \ 120
= \
H | anifE==:
x/_\ \‘ | ] | VT
T O ] fi 1 [—Lﬂ_ﬂ.n_ﬂ-n-ﬂ N —, .
—) ] - . rJi Y
i} AN U o/
< L
| — — s
- 1l =
= 455 —
_.____\ k
v AN _
N
B A l—m \
| | * £ | / \L
K_/
95yl 60 Fig.59 BERMEXBEE (SW-2)
200 155 1. 80 80
220

—161~



A B

=— 0z —]

e 93-:0.[4:!-
<—9T

l26,0*8:884
400

D]

_22@
e 14D

EEf 5 CRVESRER T

ABmE

4 [

Fige6 0 BERAERHRA

<409

‘jﬁ j 5K
24, 0@

| +0.0

Aviva

Avavd

—162 —

=25, O_Q‘%‘

—

EEfAERERRN



088

LC-1C vs.

1000 Kg =
500 Kg =
1000 Kg E
500 Kg , N
1000 Kg SN
500 Kg N
1000 Kg E |
500 Kg E
1000 Kg =
500 Kg N
2.2 500 Kg— 100 KgcaB
NFP
g3E 1000k B
#2E 1000Kg NN
£1E 1000Ke NS
H3m - 500Kg N
#£2E 500Kg N
Z1@ 500Ke N
: \
N 3 = S 3 3
BEERLRE (u)

—163 —

108 (RET 75 4)

0.8S

108 {FE®ET 5 +)

;IEE

LW-IN-40

SUS 316

va.

|

SUS 316

Cr A>=¥

SUS 316

SUS 316 va.

—

SUS 316

Fig.6 1 £5BHNEGDECET28BME( 7T 5 bRXE )

vs.



ZN942 74-08

5—-3 BAeMmERXK(SW-3)

r ORROBEEI—EEME®SF M) v ahCHEEREL, cOoMBORBNE
Bk (BETEOEH, U751 VBEOERSERELTL ) ILBC. B
sepEe T FEIBERAE T, HEORBREOEECHETIABRETIIOTS 5,
BHEcALOEBOMFEE 2 OB TH S, KEELTEWARDDOSWEATER
test OEEGEALEBHEEEL T, SW—1, SW-2 2E-REEAKA
PEBORETHD, COSW—-3HehAbLBELAHBCOWTERKEOR &5
W +2EE TS 5.

5 -2 BEFEREAEHAR

coRBE TLALY] ORRESE Y FRHOBEORZDOIOTHIRED
ML LTEGFKo~Ay VEHEERBCHERLAEB (21 ) rID>TWE,
B RS We | DRSS £ O 5 8 CASRE CAR ARE, ASHEE
BEES L HORBICOW TRHBREHEITL T,

Sy PE A SRS AR OHAEDI N D Rh, Re BAERKRL TWAHNBER
WL DH D TD Do

(1) 75446

@ arves446

3 WHCTr Av¥

() zuaep—24r (LC—1C) (KEFRELELETOLD)

5 Zmasp—-4r(LC-1C) (RE7F5 v valt Lo o)

ORI HBORDBIUS 31 6HIFTDOTNA,

HEEEONB L IURBEHREE~62. 6 3CTRLk. XBBRPOEE[ET
(6
RBEAKOTRBICED LT A0 Sy FRECORBERAK I METSY . O
EZHEOBER, EASLEZECr— V2 AW L. —ERHARRE. PROABRFE L
THACES I b, COBROBBNBEENE2Y, EAOR - PRI LIDT
EEEHEAET 5o ST TOSW—1, SW-2 BB LEER D, Mv2EH LEE R
FHafb AOTEE ¢ BEENICERGHEEROLT EMHHKE, X COEE TORBRHE O
B EE% OREESTSW— 1 (A—EEE8), SW-2 (REREER )%,

—164 —



ZN942 74-08

AEBEBoxzER

L FhYvaRE ~650C
2 % = ~50 0k max

2 xbm—p +2 U

PR | 2en/ bec BT

5 RBRAFoZEMER 6.2 (5 & WEE )
b EBHHR L TEBERRE

—165 —



Driving motor

o

Clutch ﬁ& Eccentric cam
l— :-1 'I;—I-] | r—guj_
10 | ! ! i =11
e T A e E
— I_l_ ‘i | 3 1| Handle
1 i |
(sunnj aseE] tﬂ_l_l
[T
i
— Load cell
[ ]
LT
ih ﬁﬁ E jids] Ir1
L (_, II‘P] —_— ';Tur Iul (5211} p—
Metal bellow
Handle
Load cell Load cell
T = I —% ==l
» =F== b= F<T1 =
L. [, =70 ! Ny | —
1 1 1 &\ 1 ] X} :_ , -
T . 1 S
— I
letal bpellow
== |
Metal bellow
E
H— |
f
;
i)
Y AN
: QP ﬁ qﬂ
ES
B Sodium level
. T .8liding
Staticnary Ry
specimen specimen
Mg, 62 PFriction Test Device

—166—.




2 ~ 4.5¢

1R
P
N
T
A

< 10%

- Fig-63 #EgRAHATEA
(& IR

—167—



ZN942 74-08

5-5

AV R

Uy Ay S RRARN Y Ex <~y — ], BLUS c GERE LY X — A
CEF B EBRFEINT NG, COIDRAPBBE> &L XAT —HEWEEL T,
SEMEESERNKL A Y OEARKET DO TV 3, XEEHTF AL TOTRLCL
LASEHBCIEAL, BEERTET T 5, -6 4 MM BREERHARER
ONERE R Lk, CORBEBOCEEBEIROBY TS 2,

N ailRE 7000 max

®

@ %HE( normal) 025 ~ 4Ky

® =bm~7 T3mEF

@ FB@;vyA I 30/8F
©® HaH oEmEBR S L B

—168—



cam

motor ‘////

[: l bellows
' !/
l
[ TA
rod
1
H NIET1]
\\
.\\-.__ ) .
::::lha spring
=3 ﬁ\‘ /0]
B N
1]

—7
\
1)

load transmission lever

Fﬂ test piece (tube)
test pieces (spacer) %
x":"\ T%‘L— ==
Fig.64 -
]
Fretting Corrosion Test

Apparatus.

—169—



ZN942 74-08

6 T LD

EBOERRRICOWTABRHHOEHN 2 Wb EERN AR, ARCONWTOLER
BHMELTEANR, CORMCLEWED [y 7 - TV 7| HHXROKERH» L. MER. &
ﬁﬁ@ﬂﬁ&ﬁofhéf—ﬂ%ﬁ%(ﬁ%ﬁ&héi&24~w)

. RSN T VAN E S b Y p A R TRRLAT -2 b b 0 34

CRALODHEOWTHER, HOBECHEREC T LDAWELELTWE, PNC TORRER
GEHEAL 10 ~16EBATAZ— L. BAORFOHRNERC L VR4 OHRE
BREBRIET B, X, LHOCTREHE LAKSE, SR L IRBLIELE4ORTF
MEEAG L BN HEIRZEETHARET 2T 5o
AEHLOF— 2% EOTHASIT5E. RBREE, Fik & L URITSOENH b BRER,
FEHELREDTS Bo Ll COBDCLEROWE LAKHORBRRAC LT, ThT
NERBEEERS b PILET AV TEEETRBLAD -7 XL 2R(IEDRFER K
@ﬁﬁmuﬂﬂ&%%&ﬁrmaoR4¥0zvm¥un&®fnnaz%ﬁ4bﬁB.Si
K2 EENEOTN a FTHEREBR 7 AV 22 TKEEINEERER T,
L. FAYCH—BHERTF A P HORBREANELIBERE 22, (LALBEOZWE
HhBEBEE TS E D LR TR AR 27, ) BA & LTRITHE LH 5 e, SEORER
%#%%%Kﬁﬁb,cnboxax—ﬂ%%@bfﬁ#@%ﬁf—&c%b@fm@ﬁﬁb,%%
£ ROTA A HEEOHERERBEFWRACFrbrThid% 6%\, FBROBEBOHETICRLT,
B, Bk L PECRERREAEHLCRT R IRT 2 BEL A DT b, SEONOANTH
LAXREALDAN 2 EEEHOBRBEIA THEETEINE, X E4FT bV valbd
AT LT LEE, BRECH2 DA AMB 2EBRBEM L L TERTER L S 5a

LORBTBREBF RSB LOR

mﬂbtﬁokﬁcn&momfmmmﬁﬁgggﬁg

R \no

Fseh o THEE, HEEHEIFEERP IVESFHOBEHTRACERINRERZL TE &
?tb%ﬁ&ifﬁﬂ®%%ﬁﬁﬁ#6&iﬂﬁ%®ﬁ%(-%ﬁt%ﬁﬁﬂ®ﬁﬁm@h%o
COEPLEE LD /v s ~vHEMBE TORRE, BRI, FHE VESRTRE
TaAb, BRBAET—2 Ll wbaWiERd b, 2OF -2 e REAFLEREROT
BAEELAVWTRECEBR IS¢ :#E2ARTB(ERLTHETE 2,
EE.ﬂ@@f—ﬂ(HEDL)bﬁ&ﬁk%%&ﬁk®ﬁﬁfﬁTM&ﬁﬂ®19KﬂnA-

-170-—



ZN942 74-08

BN BE DD, COMMEFFTFRAOKRBESEAY FEM L LTHFNTOREDE
EoRBE A Le o 3, meonmones, srasnscmLsso
Uzﬂﬁééthﬁﬁ%%ifhéoC@%ﬁ%ﬁi®%%ﬁbibk%®#,%%iﬁ
BRASOCPRETH TS 50 COBRMHUDOT — 2RXAFRBREADAE A LEE LA
B OEMEE . GENCHROHTLT IR TRE 26 2 o REBFLEORER. %
BFZ EOREF THHER HEREOMRBECLDT, FFTFORY 7HSH 0
%KRbBﬂﬁm<.%%@ﬁ§&%ﬁT%ﬁK§ﬁaﬁ§§Tcmﬂﬂ®(ﬁﬁﬁ%omﬂ
ﬁﬁ%ﬁh.ﬁﬁﬁﬂi.Eé&%%&éﬁ&ﬁ&ﬁﬁ@f%ﬁbh%%ﬁﬁ%&ﬁéﬁo
COB, HaORBRER, 2L UTF— 280 L CIRTITEENTD 2,
aﬁﬁﬁ.ﬁﬁ%#%m%L@%%ﬁﬁﬂﬁwﬁzfyh&.Rﬁﬁﬂ%%mﬁ%b%ﬁﬂh
Lz ln,

%%K,I%Eﬁ%&iab%ifﬁﬁ&%ﬁ&ﬁ%C&ﬁf%k%ﬂ@®H%%I©K
%K%k®¥ﬂ%bfTéokFBRﬁ%K%.%Hﬁdiﬁﬁ%%,mxﬁiﬁﬁ%ﬁkx
SUTAREHEMERCHLBZELZE LA v,

—171-



10,

11.

12,

13.

W,

De

A, Glgeser,

H, Roberts,

J. Freede et al.,

. Wilg et =2l.,

. Murray et al.,

A, Glaeser,

7 X 7Y

Wear and Friction Characteristics of Structural

Materials in Liquid Sodium,

Reactor Tech., Vol.5, No.l, 1972
Triction and Wear Behaviour of Sliding Bearing
Materials in Sodium Environments at Temperatures up
to 600°C
TRG 1269 (1966)
Static and Sliding Contact Behavior of Materials
in Sodium Environments at Eievated Temperatures
NAA-SR-12446 (1967)
The Wear Behavior of Material Combinations in Liquid
Sodium
KFK-1659 (Nov. 1972)

Sodium Technology Program Progress Report for the
Period Ending May 31, 1971
WARD-4210T1-2 (1971}
Survey and Analysis of Materials Wear and Friction
in Sodium

BM1-1907 (1971)

@Gee et al. TNO, Equipment for the Study of Wear under Conditions

. J. Hoffman et

H. Brindly,

J. Droher,

N. Jolmson

N, Johnson et

. B, Peterson

of Oscillatory Relative Motion in Liguid Sodium
TAEA paper SM 85/39 (1966)

al., Friction and Wear Screening Tests of Materials
in Scdium

LMEC-70-10 (1970)

Semiannual Technical Progress Report

LMEC-71-1 (1971)

Materials Compatibility in Sodium

IMEC Semiannual Technical Progress Report
IMEC-71-7 P49~56

FETE Friction and Wear Programs

HEDL-6 (1972) 19 72&E BXE&B|AFTER

al., Low Friction Materials for Wear Application
in the FFTF

Trans, American Wuclear Society vol.l7 (1973)

Investigation of Solid Film Lubricants and Sliding

—-172-—



14.

15.

16.

17.

18,

19.

20,

21,

22.

23.

24,

A,

Contacts at Temperatures above 1OQO°F
APEX-569 (1960)

\
| | |
. J. Eaumgartner,i Mechanical Element Design for Higﬁ Temperature

Sodium Environment
ASME Symposium Miami Beach (1967)

C. Williams, Evaluation of Material Wear and Self-Welding in
Sodium-Cooled Reactor Systems

APDA-126 (1958)

. P. Fontaine, Friction and Wear in Liquid Metals

DRP/SEMTR/CAD. 68 R.574 (1968)

. Elie, Technologie daus le Sodium: Juelques Problemes

Restants & Résoudie (1973)

. Bendorf, Ex?erimental Investigations of Self-Welding of

Structural Materizls under Sodium

Nuclear Engineering and Design 14 (1970)

. Mattes, Adhence and Self-Welding Properties of Materials

under Sodium-Results in the Course of 1972
GkF-PNC-Review-Meeting vor 15.5~18.5 (1973)

Dietz, E. Wild, et al., Friction Behavior of Inconel 718 and
Stellite 6 as Fuel Assembly Duct Dad Yaterial
TAEA/SM-173/VII-18 (1973)

Wild and K. J. Mack, Friction Characteristics of Steels and
Alloys in Liquid Sodium
The Conference on Iiguid Alkali Metal,

1973 British Nuclear Energy Society.

Wild, K., J. Mack, G. Drechsler, The Wear Behavior of Materials
Combinations in Liquid Sodium
Expefimental Layout and Experimental Results
KFX-1659 (Nov, 1972)

L. Garnham, M, J., Todd, Friction and Wear Properties, in Liguid

| Sodium and Vapour, of Some Component Materials of
P¥R Handling Mechanisms
TRG 5488 1972(EH KL - ATER

E. Jamison, Development of High Temperature Rolling Bearings for
Operation in Liquid Sodium
NYO 4117-8 (1972)

=178~



25. D. R. Nizon Survey of Scdium Pump Technology
WCAP-2255 (1963)

26, M. J. Wallace, Summary Report of Potential Liquid Metal Bearing
Materials for Snap-50/Spur Pumps
PUWAC-468 (1965)

27. J. R. McBride, Modified Fermi Control Rod Latch for the FFTF-Report
on the Development and Testing Program
BNWL-1335 (1970)

28, K. Kleefeldt, Studies on Wear and Frictional Behavior between Fuel
Rod Bundles and Spacer brids in Sodium
KFK-1290 (1970)

29. fndn. BR, FTExEFE#B o v )y s BEERRD ]
swg41 73-17 (1973)

30. i, iR, it [BR M)y adhiced 2 BERBERRUD J
SN941 73-32 (1973)

1. indh, B, 1B [BERFPHEBOF TV v ahERARD
SN941 74-12 (1974)

2. WE, W@, 2 [THEEBRF Yy ahCED s ACRERRO |
941 74-18 (1974) |

%%, J. W, Kissel, Behavior of Rubbing Molybdenum Surfaces in Sodium
Environments
BMI-1405 (1960)

34, H, E. Sliney, Fused Fluoride Coatings as Solid Lubricants in |
Liquid Sodium, Hydrogen, Vacuum, and Air,
NASA-TN-D-2348 (1964) |

35, N. J. Hoffman and J. J, Drober, Materials Compatibility in Sodium
LMEC-72-1

36. R. N. Johnson, S. L. Schrock and G. A, Whitlow, Wear Resistant
Coatings for Reactor Components in Ligquid Sodium
Environments
J. Vacuum Science & Tech. Vol.1ll, No.4, July/Aug.
1974 |

-174-



