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A Study on Sticking Prevention of Turming Vane Bolt
by Dissimilar Friction Welded Joints(STS316L/IN X-750)

for Nuclear Power Plant

Ki-Suk Shin

Department of Mechanical Design Engineering
Industrial Graduate School

Pukyong National University

Abstract

Nowadays, according as the machinery industry develops, an opportunity to
use of stainless steel and inconel alloy steel has been increasing in various
mechanical elements such as heat exchanger, bolt materials in nuclear power plants
and RCP(reactor coolant pump) components, etc. Especially, the stainless steels(STS304,
304L, 316, 316L) are used to many parts for RCP of nuclear power plant.
llowever, sometimes they have sticking problem for long-term operation at
high temperature and acid condition. So, this study tries to prevention of sticking
problem of turning vane bolts by better improve material by dissimilar friction
welded joints(STS316L/IN X-750).

Dissimilar friction welding was produced using 10mm and 1lmm diameter
solid bar in Inconel alloy{IN X-750) to Stainless steel(STS316L) to investigate
their mechanical properties. The main fricion welding parameters were

selected to endure good quality welds on the basis of visual examination,
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tensile tests, Vickers hardness surveyvs of the bond of area and HAZ and
macro-structure investigations. The specimens were tested as welded. The
tensile strength of the friction welded steel bars was increased over 95% of
the STS316L base metal under the condition of all heating time.

This paper deals with investigating experimentally the effects of the weld
qualitv such as strength, toughness, hardness and macro-structure of the
welded joints in friction welding of TV (turning vane) belt materials STS316L
and IN X-750 bar to bar.

The results of this experimental investigation are summarized as follows:

(1) It was possible that saving of working steps, cost, materials by
dissimilar friction welding of very good quality strength at weld interface
of STS316L and IN X-750, also it was possilble that prevention of

sticking problem by better improve material at a defeat area.

(2) The heat affected zone of STS316L was fractured because of sirength
lower than IN X-750 and it was experimentallv confirmed by considering
more than joint efficiency 95%, weld strength, toughness that the
optimum welding conditions were n=2,000(rpm}, P1=220(MPa), P»=260(MPa),
H=4(sec), t-=4(sec) when the total upset length is 7(mm).

(3) The quantitative relationship between heating time(t|) and upset({h, Uz L)
of friction welding was obtained. Those Ur—#; relationship empirical

equation was derived Ur=2.16¢-1.44.

(4) The macro-structure of the base metal, HAZ and weld interface(W.I) of
friction welded joints at the optimum welding condition consists of the
same structure and fined at W., resulting in increasing toughness as
well as strength, and no macro structural defect has been found at the

friction welded zone.
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RCP

Nomenclature

. Reactor coolant pump

IGSCC : Intergranular stress corrosion cracking
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. Turning vane

Friction welding

. Base metal

: Weld interface

Heat affected zone

. Tensile strength (MPa)

" Yield strength (MPa)

. Breaking strength (MPa)
: Elongation (%5)

. Reduction of area (%)

i Vickers hardness

: Diameter (mm)

. Coefficient of determination

. Rotating speed (rpm)

. Frictional heating pressure (MPa)
: Upsetting forging pressure (MPa)
: Frictional heating time (sec)

. Upsetting forging time {(sec)

. Heating upset during t; (mm)

. Forging upset during £z (mm)

. Optimum £ zZone



A14
Al S7h AAT A gFeol

=
s, w2, 23, BYY 59

LR R Ty

FAo A AL ol HY BAREY
gelubetol = o2l g ou | Age] wlEo
1= Aelm, olelg oA A FulE

2pxjstn ik whebd ojeh e oA

Aol whz Azt Aok, el A Ak A

dol Awken], s AR el 40%°] %
AAE B AR WTA Hol

W FRE lzadelth oled dHe
=

B

& -
L0E] oAtk sifel A diREe)
= =

Atk Ty

A}l 2]

Fo 2o k. wElA o] A=

FRE ¥ AR WAL el

Fapnlgo] A Frisial glew, 7h Aed AuEA $ 4 O/Hlover haul)
FrHEE B oy g2 %ﬂ'f—%%’}lﬂ] R TN
A= a4 A7l FATE AR fabme|vh AR

T
r,
i
=2
2
N
-
= O—‘—l

d
$-ohg @ﬁi?ﬁ}i%aﬂw—@%

B
Hoew, o]zl& BAG A3t

N

SAbAE 5], O/H7I7 % RCPAl 2 fdRa) #3750 we
=]

aﬁgh—_, ﬂolq‘ 7 glata el Adn] 2 WAL 2 AR RS
T

Fe doA AUANE BAsE A

g
| Hed, o] nde 2B WAL @

ol #x 7} vt2 RCP(reactor coolant

aHbAbA 12 el A2 R ol

O

1

U}ﬂ%ﬂﬂ =

%Eﬂﬁhﬁiﬁ CERE R L

o] IGSCC(intergranular stress corrosion cracking)® g ¥ ATh, o]

o) 2 09AE RCPR Ao Elyul BE(EII7) A 9R6A1H) AdA] A Aol v+

WHARYE eldu BEe Aol ue

IGSCCE S Felstd o, ma
e A e A AA 7 DA A FX

93A3 RCP7} 2x¥ Takahama,

i

ox
d ¢
©



Ohi, Genkal, Mihama, Ikata 2@

A
X-750 QA Byl BER de W

=i

of Bl gl BES A HA AR dad
F aAstden, GA 28 @ vdu 229 YA
Ay 7h%0) el EEA Fdo] BAY R, £ m=e] 4% Comanche peak,
Meguire, Zion %2 45 2 2o A WIIALlA A= A, A2 Bl £ E
(STS316 A2E wAs 4e 7H«ar glo], e df olF wdsteq 2
93A3 RCPYl New TV bolt(STS316 Az w A sk B3 tF3 oletel &
O F Ao a3t& A7)+ DACS(diffuser adapter cap screw : AISI 302, 303
304, 305, 384 STS) oA IGSCCel| 2l¢e =l 9 Hdg= Al37} North-anna,
Ohi, Maansgan, 2123, 931 SolA 2dste] &4 A2 #Az" DACS
(STS316 A2z wATd 482 7 9ol mue A¢ oF we s
STS316 AR wA spdvtk eyt L 93A% 9] RCPerd R = 3 &,
New TV boltoll A =27 EE Hef A4 3 FH(stuck) &40l
s e, oz dd AAAMLEAA FE RCPEAFAEY @2 A
A%e 2" s Qo
wepA] B ATte A gl BEA] HAHT e wEREAS ofF A AFY
F /FF o) He wwlog oAy iy Q¥ vk H(friction welding, FRW)=

qgste] mAAMel WANE Folol AW ANE TR FANTL AT

fad

e

PAE RS, =9 EEd ¥ AN FESY vw L dud 23
AAbE B AYzde mEan



A2 g g o]&H WA
2.1 vpzhgH el e

22 A4Ave] A4S PeAreE A5ue 94 AL FHAZ Qo
2 do) Badd Fig 21 a8y 9 4Pss] A% A7 Aol
Aelst gake] A% deam AT AR 19 ALt AhEEs dge
S Agan] Ae X=0old #THe Bgow LPEMD% S ogA XE
gleta yhgelel o] 09 wel §lxlelth Fig. 2-19

g AA R o SHAE Wyl rlEgHel e, od ol
o) ol el AEIL 24 WMEE Qo &

s S|, BAlel WA ARG ARAAA FoM ssdd, ¥y AL A

A7 e e 7tEYg s 2oz doh oAy nR AL N BEE olget] MY

Fig. 2-2¢ w2499 71249 7% (mechanism)™& e Fig. 2-2
A AnE AR F9HH(hydraulic chuck)el x5t d4% A5z 54 o,
e ANEHe AR {94 (hydraulic chamber)®] #Heol 14 dXx&tu], A4
of ejatel ArE el FHFANC I AR YEHRL F
el ofsle] dHA T tdRoRM FE o FriEof AHE

Oé]

7ol werew Ao AEPa FAG) & ool WA, ue



Potential energy

A Aol Aol Ao

*
ekzto] Al o] gy}, B o] ALggh £H7|: 9&7F Helo] 38 (continuous

Repulsion energy

Total energy

X

Interatomic dislance

Attraction energy

Fig. 2-1 Transformation of force in the atoms at distance
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Fig. 2-3 Schematic mechanism of friction welding machine

(continuous drive brake type)
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Table 3-1 Chemical composition of materials (wt. %)

| Comp. . b .
C St [Mn| P S |FelCu| Cr Al | Ti|NbjTajMo| N Ni
Mat.
STS316L [ 00231048 (1371002710004 - 0271699 - - - [ 2.181(0.0159] 12.20
X-7501 005 10101010 - 10001 (601 0.0411545|061 | 251 | 1.0110.01| - - bal.
i
Table 3-2 Mechanical properties of materials
T
Prop. Tensile Yield Reduction Elongation Hardness
strength strength of area
Mat. o (MPa) o, (MPa) ¥ (%) € (%) {Hv)
STS316L 367 684 42.4 214 293
IN X750 1073 691 28 33 287
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(IN X-750) (STS316L)

(a) Friction welding test workpiece
o,
NG o,
// ” T
> Wl
7 A B s il R VA
=
{
50 .
60

(h) Tension test specimen

Fig. 3-1 Shape and dimension of specimens {unit : mm)

Tig. 3-2 Photograph showing section through FRW specimen
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Fig. 3-3 Appearance of friction welding machine

{(TOHO, TH-25 continuous drive brake type)
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Table 2-3 Various condition of dissimilar friction welding of IN X-750 to STS316L

Rotation Heating Upsctting Hcating | Upsetting | Total upsct
Casc speed pressure pressure time time
n (rpm) | [ (MPPa) | P: (MPa) f (sec) | e (scc) Ur (mm)
80 100 16
100 120 2.6
140 180 A7
1 2,000 5 4
180 220 69
200 240 7.6
220 260 95
o 1 1.1 N
3 47 |
2 2,000 220 260 4 4 T
5 | 95
7 14
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Fig. 3-5 Vickers hardness testing machine(Model : MXT-07e)
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Ha A

(IN X-750) (STS316L)

Fig. 4-1 Photograph showing friction welded specimen

in the as-received condition

Fig. 4-2 Photograph showing fractured specimens after

tensile test in friction welded areas
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Fig. 4-3 Fracture surface of welded specimens(STS316L/IN X-750)
at P1=220(MPa), P:=260(MPa), t-=4(sec)
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Tensile strength, ¢, (MPa)

—&— Tensile strength
1000 -—#— Yield strength I

900 ~

867
- o, of BM.(SUS316L) o R
_// '
800 - o * ;
700 |- / .
- @ l/
'/ .
600 |- . —
| I/
500
400 | Optimum of P1 P,
300 1 1 { 1 | L | 1 | ' | 1 i L

l ]
gO 100 120 140 160 180 200 220 2407
100 120 180 220 240 260 P

2
Heating pressure, P, (MPa)
Upsetting pressure, P, (MPa)

Fig. 4-4 Relationship between tensile strength and pressure

in FRW of IN X-750 to STS316L
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Fig. 4-6 06:, 0,, 0O

of IN X-750 to STS316L
<Welding condition :

vs. 4 in dissimilar welding
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Fig. 4-7 Relationship between strength and total upset in FRW

of IN X-750 to STS316L
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Tuble 4-1 Optimum condition for friction welding of IN X-750 to STS316L

Dissimilar FRW STS316L(211mm) <IN X-750(210mm)
Rotating speed, nirpm) 2,000
Heating pressure, Pi{(MPa) 220
Upsetting pressure, P2(MPa) 260
Heating time, fi(sec) 4
Upsetting time, t2(sec) 4
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Fig. 4-8 ¥ £ vs. ! in dissimilar friction welding
of IN X-730 to STS316L
<Welding condition : as shown in table 3-3(case2)>
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Fig. 4-9 Hardness distribution near the weld interface of friction welded joints
of IN X-750(®10mm) to STS316L{(a#11mm)

<Welding condition : n=2,000(rom), P1=220(MPa), P.=260(MPa), ti=4(sec), t=4(sec)>
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(a) IN X-750 HAZ (b) W {c) STS316L HAZ

(d)y IN X-750 BM (e) STS316L B.M

Fig. 4-10 Macro-structures of B.M, HAZ and weld interface
of friction wleded joint(x200) of IN X-750 to STS316L
<Welding condition : n=2.000(rpm), P:=220(MPa), P-=260(MPa), ni=4(sec), t»=4(sec)>
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