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Self-Welding Behavior of Various Materials

in a Sodium Environment .

(IV) Development of Self-Welding Equipment

and Its Preliminary Test

Syotaro MIZOBUCHI*,
Shigeki KANOH#*,
Kohichi NAKAYAMA*,
Masaru NAMEKAWA®,
Tetsuro OWADA* and
Hideo  ATSUMO#*

We developed and installed the self-welding equipment (SW-2) in Self-Welding

Wearing Test Loop at the end of March, 1974, while had installed the wearing

equipment at the end of March, 1972 and have continued to test in sodium and

argon since then. |

SW-2 has the functions to simulate to the sliding and contact modes of LMFBR's

components closelier than conventional equipments in foreign countries.

The characteristics of SW-2 are as follow:

(1) To be able to compress and self-weld materials in high temperature sodium
and then to estimated self-weldability with the results of in-sodium
tensile or in-sodium torsion tests of silf-welded materials.

(2) All of torsional, tensile and compressive loads can be gained by oil
pressure units, and then the operation and structure of equipment became
simple.

(3) To be easily able to test in other environments (ex. in inert gas) by
rolling the equipment of 180 degrees.

(4) To be able to test under the normal load from less than 100kg to 4,000kg.

Also, we conducted a part of the function test in high temperature argon and

ascertained the performance of equipment to be satisfactory.

* Sodium Technology Section, Sodium Technology Division,
Oarai Engineering Center.
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DIAB T T 5. Ay, BAFSORBR L OEHONL LR IOK10° OHEAERSTS
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EhIENCLEBED LN T D,
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3—-4 ZEMHOER BCHERER
3—4—(1) B®E =
ZORBBEMY, FEHBORGET+ LUREG A/ ARHBITORERE, BECHERAR:
Toke ChODERLEIEEFTDAAF M) v 2abORBRBRLELUBTEZ LRI ST,
HRMOEBEED T LITRICENTL2C L8 TE L, TabL, F I vanzhboR
B LEOREMET A0 HBTHLEND 5,
3—4 -2 RRHE
@—1 HREE
HRABEIAGKTPORBCT oA, BERREZCOABRBERT » v AOFFHA
L, TaoTy e HA(MMHRIVNIIVB) TEBLT, 2OXFY VABONEH > 2 1B
BEFCHEL, ~ERMESEAR LA. XERBFLUOBRE* FRICAET 520D,
AR EEN 2 BEHEREOAAKL, BBRIAEE A/ 2APHRERORA M -2 0 KR Lo
2—2 HAFERFOBMRFIUASEREGDLE
HBFEM—1 6CFLAIOEAVK. &+ ORBFHOBMRERE 220mm’ TH D,
RELLEBLTWI2ERRBRAL LUBNLHECHERACEsALO LA~ EMERE S
LTnd, R, SEORBTIHCHLIOBVREBEL 2. RRFOEADER DV THK
F—20RL, XA LHHOERS 2R -3 KR LA, SUSSE16, 1232750,
4 >¥a(r718 NASA4O0-2HORBKRAORERBE, 3 XCT#600 = 2 ) -4
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1. REREBE, =& 450°C., 650°C, 720°C
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3 HDEE 120°15sec (150mm/min)
4 W = 100kg ~ 1,000kg
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Flio 1raanr718 LESHLEINALSUS316 Tk, £4 hAEBRWEZEL, —
Hie Frav )] Ebhna@adsd@bbhsd, LbhL, BHCTr 2y *EMEHINASUS
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VR YT A 74y R\ LAOAAERBCEEOCX>OEM ) CRET AHM T, @IEK
SUS316AHEOMCRERADBAL L T B EATEOREDLREEHE oALBE, EXRE b+
27 n%IBL L BD, (BRBEBTHBLALZCALOMBHOFTMAER CEEBEHRCEN
MREZ D, BRI L oTHERBTELRVWAMAD oL DO TY, RETEMLZ S
HBEbdbo JRIK, HE4«OHBOEBREL OFMET S0
@—2 HEHEOBEEFE
@—2—(1) SUS31éHAEDRERFE
SUS316 27 v vARIEOTEHE I #VV 1 PTVENS T L LIEFELENLAA
Thd, BEBET, LArd7 b V7 4P THZOEAAKRES, BEALERAUREZWV
a@%@%Aﬁméﬂbwu,Faamﬁﬁfuco%m%w&mbn&ﬁe§,§<@
B TR Ty v RAEENED T 2RE2 BB EHBEIhTwi, 2Ty ylldETH
bkLHIOEOL, XEABREZEC2TTH2h, TLTHBRRIZHBIE S ZOn
%, HerKHRLATNRIZLZVWHERALBELTV 2, 4@, ERH L 450°C,
720°C T2 EEBAREIT o/, MEG1000kg 2 THBERLAHM, SE CTEE
Brrs BRRBOLZEEL LI A DDOT, FI4£1E720°C TORKRTIHE250kg:T
LARBHRE Do Tco M- 25 CHET 1000k g ARRC &1 2 FHARBRERT .
COHBRBT A - FAITHBLAALIOT, v 7 HOLHNEERKE W, COLH
BRIC FTa v v ] BELTWALDOLEFEINL, 2O 27 D LEBEELEH LA,
RBE TN TOHECENT, 120°EEMOES 3 Aok 2 OBA SUS3 16 HEE
CREMIC Lt oT, BEEBSECAD, RROFHANBIB(2->Tnd. Th
., SUS31I6FAEFTCE nv ¥ ®5<, XFRBONETEHHIRETDHAD, Th
LA [avr | BT HLO0LEDN S, (A—FOOHERRTEELAL 5%H
ERTAEDH )R, S1EBATOBRBAR T WPOoRBC T AEE, 60°F2THE
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T HEBRROTPHELRMEEC I L DA IDEH - 26 KERLks
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ADHEROEM 2D 50X, MIELECTERSITLEE2TFT, )EVWFECHEHK D
:OYEBBEBAZ LR, SUSSI6AEOHGLETIORBOERCHL T, BERE
DBFMEAC 9 LOEERT S OLBbN 5, RICH MELEE LT, F—RBH CHEOD
TAZABEMbokBE, TRODLAOHECEORERBES NSV I 12 BET
HROARL oo RIBDF B RAFBETY, HOES00kg BEOHELMb b, 8
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Co- 15¢Ni - Cr)iWCODA-ALW—IN-40HXOWTRB LkoB « OHE L VET
TZ¥HTy v EF (BF)OdDL, 27544t Ly (G F)oyow, B.Fr
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ﬁ%E<&%oC@%%:E%ﬁﬁﬂﬁ@&b?ﬁbhﬁkb,%R@%@B(é%@ﬁké
o XAS0°CTH, X COBWABEDSAZNWEFMEINLA, F b Y v ad i
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5_2—w)susmsﬁ&ﬁﬁor3y$,4y:$»718ﬁ®§§%&

BHCr 2y x5 LUA 24271803 L3 CFBRAMKNE L CRESL FH S ho
%k%@fééobﬁb,Ch6@&ﬂﬁﬁ?é§§%ﬁ@?ﬁ@—ﬁﬁf®é6%%?@@
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COCEEBEMMBEAC A v+ H THILCICH TIRDLLI D, TRICRLTER T,
WEOBME IR LADERABD S .

LD WwSUS3 146 L EFHIFBEBAHHOESGLE TR, BB 450°CArF) 2T
EFLAEESERAEON, cO02p THERTHRAFHALC-1CH O & & & bENEER
HEEL(018), 450°COArFTEA1 234207 18K LHBELENALORRFTH
7 o

— R e OEGHLETE, SUS316AERABRE LKA MIELFED . X, HFH
AREOCT 7V HBHEVEMLANT LSRG, HEXNKLCEZ LR LAN W, BEFAHIECE
BHERTFEING '

3—2-) 4> 3FrREEO BRI

REprs, A—HBEETEHIEL L (12 I DEFnEvnbhTik, SO0RKRTY,
SUS3t1é=xFrvAAETH, #AFCENBEZEEGERT CLBEDONL. L LEEKC
IoTd, MMOBADELARAHRECEI 5D, ch LOBMBR, I UEE%R
TR BLERD L,

GE, 41 >23%a2718, 432 52X750XUNAS40—2 (N1 558 4& ) HTHEBEL
ko @—38, 3904 a5n7 1804 axrX750 HAZOEERRESE
ﬁ?a4y:%»x750nm&f4y=$w718u§§%&%ﬁ<.Lmﬁﬁﬁukﬁﬁé
BHEBOLN TG 4350 X750 @ESUSS16HID, DEBERHTR. BRERHE
RLTWwhde X, 13 4#aX750 HOBERPTH, BREEGHHKEC, 222, BWHEER
Lio M— 4 0IKNASA4D—2#D450°C Ky ARMEBOBEFRELEER LAk, TO
b, cOMBTRERA Y I 22 X750 LERTBCHELEMT DIC L AN T BEEEH
REEL., X. BEGHEIE Aok, B, 200kg BEOEBWHMETHER K & 215
Bib s L, CORRAMBOHMRBEELETIRDLOR A (R-3728), LAL, 2
BTRERLALOSHEEEHLET, CORRERD LR EZ W,
m—41w,ﬁzmﬁ?é¥%§ﬁ%géﬁukot®§#5%4y:$»x750ﬁ&mm
B0 2HOEBER AR bOERTC LR br b cORREHES . SERISDENLL
EAbOLTEIhLE, —BICEBEHREZ V. L CHBMHEEOEREH L, —RE
CEWER I Z AR, —BOHE (Fisid, NASII—2REDO450°CArPEER «» « X
-2 2 DHKBEONBRAE TS avv ] HERBLEAFA, BESHIAFETFHEILL)
T, BREEMETAVWIONB bk,

% THENEFH ATEEO0° 60° 80° 100° MEEAER ST BEEREOEETS
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M—3 804344271 8HRALOKESLL, BHTHICHC-BEFRIGC XD, X, 1
A2 DOFRTIERADI120° MEBOHNEVWEEZTFLTWE, cDER. Z ORXBRB O
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Fig—6 External Appcarance of the

Hquipment for Seli—Welding

Test
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Zirconium Wheel for
gettering material

Hot —trap

Hot—trap Heater

Fig—10 External Appearance of Hot — trap
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Fig—12 External! Appearance of Test Piece Section
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Fig—18 Variations of Frictional Torque versus Rotational angle

on the Non—Load Test
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Fig—19 Variation of Frictional Torque and Normal Load on the
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Fig—20 Self—Welding Equipment and Electrib Furnace for High Temp

Test in Argon
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Rotor Stator Rotor Stator

Specimen # 1  After Tested under 750kg at Room ‘Temp.

Specimen #% 2 After Tested under 750kg at 450°C

Specimen % 3 After Tested under 250kg at 720T

Sm

Specimen 418 After Self — Welding Test under 750kg at 650C

Fig—21 Appearances of Specimens after Tested ( SUS 316 vs SUS316 )
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Carbide Materials
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Rotor Stator Ro tor Stator

Specimen 4 7 SUS314 and Inconel 718 after
at .450C

under 1000kg

Specimen 4 11 SUS316 and Hard Cr Plating after Tested under 1000kg
at Room Temp .

| —
. 2 » 2 mm
Specimen 4 12 SUS316 and Hard Cr Plating after Tested under 100 0Okg

at 45007

Pig—-23 External Appéarances of the Specimens after Tested

{ S8US316 vs. Inconel 718 and Hard Or plating)
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BRotor Stator Rotor Stator

Specimen 4 4 Ineconel X750 after Tested under 500kg at Room Temp.

Specimen 4% 5 Inconel X750 after Tested under 500kg at 450C

Specimen % 8 Inconel 718 after Tested under 1000kg at Room Temp .

2mm

Specimen 4 10 NAS40—2 after Tested under 1000kg at 450C

Fig-24 External Appearances of the Specimens after Tested
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Coefficient of Friction (a)

-
04l gfacecnr--=- '""n Lt
~~b. "'
. L.
S
0.3
O
-
- \\\
L -
0.2 - \\
- SO
P T ~—.p
n

D._.-"""'——.—.El.------"'-"m--.

O—0 Forth 18t cycle of
@—& Reverse friction test under 1000ke load

friction testunder 1000kg load

0

=N Forth 3rd cycle of

A—--H Reverse

) O-~-0 13t friction test under 250kg load
oLt | | E""BI 3rd friction!test under 250kg| load
2n° 40° é0° 8o° 100° 120°
A'ngle of Rotation

Fig—246 QRelations of Frictional Coefficient between

Rotational Angle on SUS314 vs, SUS316
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1.0
0.9~
08—
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) 0.6~
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t ¥
e
Y
=) 05 I~
-
=]
[ H]
o i
" aak O——0 Forth
G i leycle
e @ —® Reverse
(&
A—-A Forth
2cycle
03 - A—A Reverse
O—0 Forth
3eycle
B—=8 Reverse
0z -
01~
s L1 ‘ | ! | 1
0 250 500 750 1000
Testing Load (kg)
I | i ) I |
0 {00 200 300 400 500

Contacting Pressure (kg /em?)
Fig—-27 Variations of Frictional (Coefficient on SUS3146 vs.

SUS316 Friction Test under Various Testing [oad
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_1®

Load Cyecles (kg)
2.2 @ 250
@ 250 — 100
@ 250 — 100 ~» 500
20
@ 250 — 100 —» 5060 — 100
@ 250 -100—-500—100—> 750
18
@ 250 »100— 500-5100->750->100
16
o el ©
3 —
=
o
=
[+]
~ 2
St
9
Yt
Q
+ @
=
© 1o —
(4]
-
S ®
(=]
O s} ]
el Q
04
—
02 b
01

2510 100 500 100 750 100

Final Load (kg)

Fig—28 Pre-Load effect on Priction Testof SUS316 vs. SUS314
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30

\

(€2))

Coefficient of Frietion

NOM INAL Orientation of Sliding

LOAD force

Or——0 Forth
o '00ke Reverse

o———0 Forth
B———8 Z50kg (#1) Reverse

B— 2 y50kg(42) Forth
Reverse

g Lo 1 1 I [ |
20° 40° 60° Bo® 100° 1z0°

Angle of Rotation
Fig—29 Result of Friction Test on SUS316 vs. SUS316 at

720°C in Ar,
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NOMINAL LOAD 250kg
30
Orientation
of Sliding force
O———0 Forth
teycle
@ ——@ Reverse
LH——=A Forth
2cycle
fH— — - Reverse
o,
2.0 —
a
[=]
-
(=]
I
[
Yt
Q
-
=
@
‘s
.
S
Q
<
&)
10—
o b b4 ] | 1 ) |
1] 150 3na 450 600 750
Testing Temp . C)

Fig—30 Relations of Frictional Coefficient between Testing Temp.

on SUS316 V8. 8SUS316 under 250kg Load
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Load tkg)

Tensile

PNC TN941 75—13

Strain (Stroke)

/

1460

Rupture
400
300
200
100
0 L L] 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140
Time (Sec.)

Fig-31 Tensile— Rupture Cunrve of SUS316 after welded
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Materials | Testing Temp
(vs. SUS31¢6) (°C)
Oo——-0 LC-IC Room Temp
® ® | rLe-1c 4350
A-—=—=—D | Inconel718 | Room Temp
&H—— — -4 | Inconel 718 450
O-—:-—-0 |Hard Cr platingl Room Temp
14
B@—-—-8 |Hard Cr plating 450
12 -
I:' 1o
o
b od
@
'Z
ﬁ -
w 08
Q
-~
=
@
- 06}
Yt
[T
[F]
©
&
0.4
O—
0.2 )
U I 1 ] 1 I L I 1 1 I I
0 200 400 600 800 10040
Nominal Load (kg)
Fig—~36 Relations of Frictional Coefficient between Nominal

L.oad on Friction Test of Various Materials versus SUS31é
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1.4|—
13
12 L Nominal
load (kg)
O—~0 Forth
T } 250
&——® Reverse
W &H—-—A Forth }
A—--—A Reverse 500
3 [--~-0 Forth }
= 750
1.0 | B—---8 Reverse
: Q=0 Forth }1000
— &~ Reverse
L]
L
" 09
<
Gt
o
el
&
e o0sf
9
-
Yl
QO
Q
&)
07
/ ) ____o.._________“
0.6 §__ R 8"" ..... Quvnemn oo uitllli e o=@,
051 "‘
.-——--'_-_ '-‘—-
04 L n"'-—-——ﬂn——--—-::."--'B===—'-'=ﬂ_"'——_é"\
B — — e —— ~
—n ~
~N
\I
03 L L 1 ] I ] |
20° 40° 6 0° go° 100° 120°
Angie of Rotation »
Fig—37 ‘Resultsof Friction Test on SUUS316 vs, Inconel 718

at 450°C in Ar.
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(&)

Coefficient of Friction

14

1.3

1.2

1.1

1.0

0.9
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0.7

0.6

0.5

0.4

0.3

Nominal
0—O For th } 12‘;“;1
€9 Revese g

&—AForth
""'"‘Revese} 500kg

D==0C porth
a-—& Reverse}75 Okg

Q-0 Forth —
€ --®Reverse 0 g

4

el
---------------------- ;:::‘ "')
. “""w"'
L I 1 | I |
zqg° 40° 60° s8o° 100° 120°

Angle of Rotation

Fig—38 Resultsot FPriction Test on Inconel 718 V§. I.nc0nel 718

at Room Temp, in Air
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Nominal
1.4 1~ E b Ioad
ort 250kg
®&—@ Reverse
D—-—=A Forth } 500k
g
V3 &A—-—& Reverse
o---0 Forth
50
@~--B Reverse 750kg
1.2 =
1=
=
1.0 -
a
Q
-
(&)
T
ch
Lol
o
-3
]
s ol
(4]
Yl
Yl
]
o
L
0.7 [
0.6 —
05
0.4 |
03 |_ l | 1 1 ] |

20° 40° AD° 80° 100° 120°
. Angle of Rotation ]
Fig—39 Results of Friction Test on Inconel X V8. Inconel X

at Room Temp, in Air
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{e)

Coefficient of Friction

1.2

08
0.6 -
Nominal
- load
O—O 200kg
&—® 350kg
®—@ s500kg
@—® 750kg
04 1= O——® 1000kg
0z & | L 1 I ] ]
20° 40° 60° 80° 100° 120°

Angle of Rotation

Fig—4t0 Results of Friction Test on NAS40—2 VvV S. NAS40-2,

at 450°C in Ar.
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(&)

Coefficient of Friction

-

o—0

L e

D= A

- bAoA

16 o—--
1.4
1.2 |

Incone]l X (Room Temp)

# {450°C in Ar)
NAS40,2 ( Room Temp)
NAS40,/2 (450°C in Ar)
Inconel 718 (Room Temp,);

Na
08l RN
~ ,...--"""DH"——.___
o et "'"--.._u
D__—- .."""h.._
\\ S~ .
~ T~
\A ________ A_____-- ~{

06| —_——A
041
0.2
0 1 l r 1 L 1 1 1 1

200 400 600 800 ’ 1000

Nominal Load (kg)

Fig—4t1 Results of Friction Test on the same kind of Materials

( Befractory metal)
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Room Temp, 450°C(Ar) Room Temp. Room Temp,

450°C{ Ar )

Room Temp,

®Inconel718 (S LC-IC(BF) @ ILW—1N—40

®Inconel718 (B SUS314
Results of Friction Test of Various Materials.

® Inconelx750
® Inconelx750

® NAS40,2
© NAS40,/2
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Table—2 QCombination of Specimens

Specimen 4 Rotor vs. stator Testing Temp_(f’cl)

1 808316 v s. SUS31¢é Room Temp,
2 SUS831 4 va. SUS316 450
3 SUS316 va. SUS314 720
4 Incone] X750 vs. Inconel X750 Room Temp,
5 Inconel X750 va. Inconel x750 450
é SUS3146 vs. Inconel 718 Room Temp,
7 SUS3i16 vg. Inconel 718 450
8 ' Incone] 718 vs. Inconel 718 Room Teanmp,
? NAS40—-2 ve. NAS40~-2 Room Temp,

10 NAS4 02 vs. NAS40~2 450

11 SUS3146 v 8. Hard Chrome plating Room Temp,

12 SUS316 v 3. Hard Chrome plating 450

13 8U8314 va. LW-1N—-40 (G- F) Room Temp,

14 SUS314 vs. LW1N-40 (BF) ”

i5 SUS316 vs. LC-1C (G-F) "

16 SUS316 vs. LC-1C  {B-F) "

17 SUS314 ‘vs. LO-1C (G-F) 450

18 SUS3té vae. SUS3146 650

¥ G.F=083 , B.F=10s

Table—3 Chemical Compositions of Materials

C 8i Mn P 8 Ni Cr Mo Co Cb+Ta Ti A¢ W Fe

SUS316 0.06 Q6 134 0.027 00@ 10.25 1455 228
Ingonel X750 |[0023 005 tr —- <0005 BAL 1514 — — 101 256 076 7.15
Inconel 718 0.06 009 014 0.010 0003 5277 1874 305 Q03 484 100 0.45
NAS4 =2 014 046 143 0012 0.9 208 2087 291 ©25 103 226

Hard Cr plating Hard chrome plating on SUS314 stainless

Material coeated by Detonation Gun on SUS316 stainless
IW—1N-40 (85% WC + 15%Co )

Material (85%Cr,C, + 15%4Ni*Cr )Coated by Detonation Gun

LC—1C on SUS316 stainless

# correspond to N155

—_88—
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Table— 4 Changes of Microhardness of Various Materials
after Friction Test
Conbination of Nominal Load |[Surface Hardness | Hardness of | Harden Rate by | Harden
Temp
Specimen of final Testing | of Specimen Base metal | Friction Test Depih{)
250kg 573 190 301 85
Room
m
® SUs316 Temn 750kg 564 190 296 590
® SUss16 450°C 250kg 462 151 305 100
720°C 250kg 3186 1685 .89 55
® SUS316 Room | (BF)1000kg 514 190 270 80
Temp | (GF)1000kg 56 44 190 297 95
(GF)
C~1 450°C | 510 179 284 80
® Lo-1C C 1000kg
0 0In
® SUSs316 R 1000kg 482 190 253 27
Temp
(8 Hard Cr Plate | 450°C 1000kg 521.6 168 LA 120
- o om
® 8Us31¢ R 750kg 52 84 190 278 285
Temp
® 1nconel 718 [450°C 1000kg 48 6.6 178 273 105
R 450kg 5226 29 85 1.75 —
a
(B Inconelx750 om .
Temp
: 750kg 469 296 1.58 —
® Inconel x750
450°C 450kg 491 219 224 290
40—~2
gi::w ) 450°C 1000kg 555 2235 248 405
anel X718
® Incane Room 1000kg 530 393 134 -
@ Irconel 57 18 Temp,
® SUS31é Room | (GF)1000kg 442 190 232 80
® 1W-1N—-a0 Temp| (RF.,)1000kg 4495 190 236 55

—~89 —




