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Nomenclature

T Torsional moment (N-mm)

Normal load (N)

&~ o

Length of rod (mm)

T ¢ Loaded torsionai stress (MPa)
o Angle of torsional (°)

D Diameter of specimen (mm)
mpy :© Mils per year (mpy)

w - Corrosion weight of specimen (gf)

A ¢ Exposure surface area of specimen (cm?)
d  Density of specimen (gf/cm?)
t Immersion time of specimen (hr)

n : Revolution per minute (rpm)

Py . Frictional forging pressure (MPa)
P, © Frictional heating pressure (MPa)
4, ¢ Heating time (s)

t, © Forging time (s)



Corrosion Behavior Related to Various Torsional Stress in

Dissimilar Friction Welded Zone of IN713LC-SCM440

Sun You

Department of Mechanical Design
Graduate School of Industry

Pukyong National University

Abstract

The effect of the loaded torsional stress on corrosion characteristics in

the dissimilar friction welded zone of IN713LC-SCM440, in the seawater
was studied. The corrosion experiment was performed for 120 hours on
the specimens In the natural seawater tank with four steps of the
loaded torsional stress. The supply voltage, corrosion rate, electrode
potential, current, and corrosion pattern, etc. were examined for the
specimens with the elapse of the time.

The main results derived from this study are;

(1) The surface corrosion pattern of SCM440 area are showed global
corrosion and narrow pitting, that was cause by galvanic

corrosion between friction welded IN713LC and SCM440. But



(2)

(3

(4)

corrosion does not proceeded from IN713LC area.

Initially, the average relative electrode potential and corrosion
current are decreased suddenly, by and large, it was stabilized
gradually tend to decreasing with the elapse of the immersion

time.

The corrosion rate was decreased by increasing the load stress.
But 200 MPa specimen was showed most large value in the
average relative electrode potential was higher and the average

relative current was lower.

The corrosion pattern of the dissimilar friction welded zone
indicates that the depth and width of the pitting become

Increasing with the increasing loaded torsional stress.
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2-2 Alg el Faly nEyso
A% -EY8w A SCM440 91z INTISLCS] A BE #29

erol A ohaegstel 35% NaCl Hald 589 ZolM uEY e
S@ WAAFS Poluglth SCMA0T INTIBLCY #¥Pws} 2zt
1000 MPa, 702MPa °o]2= IN7I3LC-SCM440 o]Z 4 &% 7]AA
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F71E s, WEHSHS oY F U Hold ZE(rod)E HEEY
oo AlE el GARE W B4EFS Retsly] fetel, AFgHEy =9
ol A2lE =4dsted 8N, o AeF FE vido}l HaFg RapstE oy

& AEstdck. Al@H] 0MPa, 100 MPa, 200 MPa, 300 MPa 9] 32

olel MEHEHE Faksty] Sdstd, 4719 14 F(fixture)E F7) 10 mm
ol Fos AHEste], AFSAT Fig. 12 HER Y BANFRR S A}
B8 Aga 2T g3 Aes ved Aol

Ag el Fetek vEHSH @A A AdAe ey 2o go
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Fig. 1 Detail of corrosion test fixture
Table 1 Relation of torsional stress and loaded distance

Specimens No. SP-1 SP-2 SP-3 SP-4
Torsional stress(MPa) 0 100 200 300
Loaded distance{mm) 0 172 344 515




, UREZV Al &E A}

= A% 13mme SCM440

Table 3& Algd A zhel] AR&3H Q5@ IN7ISLCSF SCM440 §HE 77 o

Table 2 Chemical compositions of SCM440 and IN713LC materials

Division| C | Si [Mni P | S | Cr|Mo 1\?; AllTi|B |z |CulCo
SCMA40 (040810234 0778 looisloonsal Lozl o1zs | - | - | - | - | - louor| -
IN7I3LC| 014 [ 050 | 025 | - |0008[1300] 150 | 230 (600|075 | 0011010 | 050 | 100

Table 3 Mechanical properties of SCM440 and IN713LC materials

Tensile Yield |Elongation| Reduction | Vickers
Division | strength | strength of area hardness

0,(MPa) | o, (MPa) e(%) 5(%) (Hv, 500gf)
SCM440 1,272 1,000 10.2 35.2 320
IN713LC 809 702 3.0 34.4 355

AIBA



A& AATIR AAskdnh Fig. 2¢]

() wh g7
HE AEAe WA A5LE UEd Aoln, (i HEPLAS el
st AR AAF A AdHe) @4 A58 YEun Ao

SCM440 iIN

(a) Friction welding specimen

o))
]

(b) Corrosion specimen loaded torsional stress

Fig. 2 Shape and dimension of specimens
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ED-330TD, ED), & 23 %5 4 7] (electronic balance, model MJ3000, range
4.0~3000.0g, d=0.1g, YMC Co. Ltd.), pH Meter(benchtop model P25,
range 0~14, resolution 0.01, EcoMet), % %z}7(digital oscilloscope
DS-1150, probe HP-9250, 250MHz, ref/x1/x10, EZ digital Co) <& A&

stk

Dgital
Voltmster

&

Beaker

Seawater = -
ischarge bucket 3

oaded Weight

Test Apparatqs Table

Fig. 3 Experimental apparatus of corrosion test with various

torsional stress
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ST e

- FEeguiated sower supply

Fig. 4 Schematic diagram of corrosion test with various torsional

stress

Table 4 Properties of natural seawater used in the experiments

Water Specific Spemfxc Total Chloride
temp. ravity resistance pH hardness m(Cl)
(C) gravity (Q-cm) (ppm, CaCOs)| PP
20 1.0231 215 7.2 3.555 115

,17,



Fig. 404 A5t sbd g8 Abgsted, gl2 Ao "ol 32V7t

HEE 2dstA, 1204 Sk AARAAES Aaystet o] AgEo|

|8 L

oo ddel B F AFHEL AYAANAM BejAste, B2 A
U 60 T2 7FE3 20% HoSOs &0l 1417F Eek AXA A, THo|
A ArstE S AL dAl AR aen A gHe) RN
& A HolZE AAY vg 4F2 AHsd, TE%S AZsg

A& =S Hie mils per year(mpy) @91E Hol A4l B AR

ARINE mpyE AHgSton, Fagde FALEz fusts 4o

c A EH e WX(gf/em®), d¥rH 0@ ol A= 7.87 gf/cmo] t}.

2142 & British Aluminum®] #2194 220 uwlg} Table 59 7to]



Table 5 The classification of corrosion pattern in british aluminum

Division | No. |Corrosion pattern Remarks
1 Ge even general corrosion
General 2 Gu uneven gerneral corrosion
corrosion | 3 Le even semi~local corrosion
4 Lu uneven semi-local corrosion
5 WY wide pitting(dia+depth<6 mm)
Pitting 6 M medium pitting(dia+depth<1 mm)
7 N narrow pitting(dia+depth<0.25 mm)
3 K corrosion bulge
9 Y Intergranular corrosion
10 Ex exfoliation corrosion
11 P perforation
Etc
12 B blister
13 S leakage
14 T splinter
15 La layer exfoliate
gEn R g sebsty] jatel, HatAzE HaE e Al
& Abgetel, bR Y Y B Y wUe oy BT AY §HEA
©2 $H INTISLC-SCMA0e] &H%% AH ko], stolojzl WA %
7l S%e 2d B FAE APUS AFste] 85 500 gf$) thol
obZE APAE AMEStel, AEAYS ) ol 4 YA A FH

19 -
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Fig. 5 Friction welding zone
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Table 6 Various conditions of dissimilar friction welding of SCM440 for

IN713LC
Rotating Heating Forging Heating Forging Total
speed pressure pressure time time upset
n(rpm) P,(MPa) | P,(MPa) £ (s) £,(s) U(mm)
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(b) IN713LC-C2 (c) IN713LC-C1

(a) INTI3LC-C3

IN713LC

SCM440
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Fig. 8 Micro-structures of IN713LC-SCM440 dissimilar friction welded

zone (%100, x400)
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Table 7 Results of corrosion test using various torsional stress

) Torsional | Electrode I Corrosion i Weight | Supply .
Specimen . ) Corrosion
No stress | potential | current |corrosion | voltage Attern
o Py | (V) (mA) (mg) vy | P
SP-1 0 -104 0.019 4619 0.800 Ge, N
SP-2 100 -216 0.010 4.784 0.792 Ge, N
SP-3 200 ~242 0.014 4.808 0.797 Ge, N
SP-4 300 ~224 0.012 4.765 0.839 Ge, M

APE BT AR 200MPadlME 4808mgo.w b wkon
sk AElClA = 4619mg o2 b A gkeh A e e} e ok
300MPa -kl A= 0800V, 0.839VE A2 £ @S viehyon
Ch Aol A 079V AR Has Bl

Fig. 93 A Azke] Aol wel wistshs ddd=a 198 depd A

ojth. Hdsf g Ae] INTISLC-SCM440 o] E A whahg7 o] Ay

- 29 -



A=y ool vlEsE el fHAIgle] 100mV Gl 7] A3 3k
& Rk 124k - 200mV kA sk A s] Atk alth 604 TR =

0~-300mV ®solM et shds whEahs wekddt s w4 skl

b2 FoliE 2200~ -400mV H Yol A giAlR AT e FAE

FT7loll = ERAH £ e x2E5F AAdEEe AW Soll ¢S 2
ol A A7E A vERom) Alghe]l A atebil A, A=A e kA st |
. v ER o] gk AuolMiE v%d RAAAES dEiond

200 MPaoll A 71 vt A9 s vepd AR, RS el oA H 2

1, 1 #pale]
SHeh A9l e spzIeh INTISLCSE SCM440°0] %4 ol 59 ol &4
£ 7k SCM4400] 3 A AHexcess electron)
E @ RAME 7FW INTISLCE o] 53hAl gk Zdupy dx] oA
AAAE 7H INTISLCE 5] Hol FA&w7 Hadsta, SAHAE

&
Q
=
<
o
o
)
o]
o
=
<
e
>
ra
o
it

170 SCMA40L %Fo] Elof MM o Zrupy 2o oa] Ralo] 1
Ao

Fig. 10& #AAzkel Za3ol uteh Wabs AR S vebd gl
AAshe B0l A INTISLC-SCMA40 ol F 4] vha-g3o) 27)9 A

P

A

= 300 MPadll A= 0.12mA A== 7b =21, & §H3lolA=

i
~

0.10mA AHEez dAsF o 12X 774 = 0.04~0mA A2 543 1
2Bk Aeke melon] fr F 0~002mVe #HelodM s S wi
S At giA 2 dAg s dERY. dnkor BAx

el Awhe} o) adt HES Wl

Fig. 112 FAAAIZ el whep o83 AgHd 5 FetdhS ve



LN

o
o
1
-
N
-,
t
—1—4
-

AladAlNE 300N Pa vl & 8-

MR 0IVIe] w2 #]to]l iyl o vhepubcoh




700

& 0MPa ® 100 MPa
A~ 200 MPa ® 300 MPa

500
= 300
E
o
z
IS
S 100
(0] <
ko) Tt
2 . . R
[8]
] |
i ~100 VAN

a .
r /.
o/ ¢ s *
-300 " o R
-500
1 12 24 36 48 60 72 84 96 108 120

Immersion time(hr)

Fig. 9 Electrode potential as a function of immersion time with

various torsional stress

- 32*



012

0.10

S d

008

006

004

Corrosion current(mA)

002

000

'
S

-002

-004

¢ OMPa
A 200 MPa

| S —f 4

100 MPa
® 300 MPa

1 12

24

36

60

48 72

84

96

108

120

Fig. 10 Corrosion current as

various torsional stress

Immersion time(hr)

a function of

- 32 -

immersion time with



120

110

o
o
(@]

o
o]
(@]

Supply Voltage(V)

070

060

050

Fig. 11

* OMPa ® - 100 MPa
A 200 MPa @ 300 MPa
e L ® o
L PY ° B
R S e B
L

1 12 24 36 48 60 72 84 96 108 120
Immersion time(hr)

Supply voltage as function of immersion time with varous

torsional stress

- 34 -




Fig. 1257 IN7TISLC-SCM440 ol &4 whzhg3 Alda S 12041 7HEL 7

MEWSY 2ANY Fol T YRS e Aot YKoz u

el oR y e ¢ uBd el 2~5mm "ol 9o AE 3

Fbell FASHE ¢ dEV 28EA e B pgddeln] 5mm o]

4 gelx A3 INTIBLCS) /1A xAolth 34 224 olst AR Ye)
U3t 8 A58 502 JAFERT WA dolr) upE ded e

ol ddn S o3 &4 dskweld decay)7t WAlAle] 2 gate
TR URNDS 7188 Aol FaxIEc G4AY7 246,
dFe) it Ao ANE 71xz ot azlmz gaaart =463

e o H]Aka ik (nonoxidizing acid)ol Al R4S @A doy|x gron A

Ni(OH)7} 74 A E2x A=Y dioloy, Ni(OH).9 #ue E7H

T SlE Al RE FEdolA REegstEnt 22w ddss mEy
W2 (pitting) & o)A A URgEe wslgo S o3|
AR obde Cr, Mo, W, Nb 59 2431388 M oM E 4%
A (weld decay) @t Zbal BA(knifeline attack)o] wHAlEE 4 9low
Ni-Mo oMz 44 dojdop” 53] Hdsl4 A= 35%9)

NaCle #fsts, Qone 349 $a&us} Ak sjeoae] $454
of GG A A FaY Yt Clel otk Ol ol Fe Cr, Ni

Co 5 ¥EeE A7t 5ee) 44 2 AHNE $aldch stz



3 7+

Lok
S5

i

mu

L
o]
5
ls!

SRR EIEEE

L
o

EReN
o =

N
i

e

&
=

5t

g}

2

&

=
T

Lem

olt. IN713LC

Al
A
2ol

3}

1

SR E R

kY2

X

o] ¥

oh3] gk,
R RE

W) SCM440el v} & # 7 9o ma 3

=

b5

)

|3
T

A, )

1.

T

A7 A Hof, HEE
129] (a)

et =

Fig.

AUt el v golnt,

gloh Cl o] &

=

xZ

T

2
e

el

o

.ZMO

e

SCM440

25}
=

ZAAHANA 2mm

[oNA =]

Q.

=4

(N)o] ‘tebutct of2

Ay Y|
al

[¢)

e}

1

2 2(Ge)¥ o} F &
o2 91274

o

ol v 4

14w
O 5T

SCM4402] 7] A

A
L

o} a3 IN713LC3 SCM4400]
ok deje] FEAX I G4

o, AR IN7TI3LC dHoA Bt} SCM440 & o

s

18

Qo

o) %2 ol

1.

-

o] ZAA WA

T

]}jt}

Q.
5]

H
e
&

T

o

%

= uweh

300 MPa®] H]

jad)]
S

el <

A7)
— 36*

)

=

pas

=

100 MPa, 200 MPa
v

2l

1.

LI,

A=
L

Jelth. 100 MPa®] =z ]

=

y
b WAL 2= e gl o)

R
- g

)

at

Fig. 12¢] (b), (¢), (d)

ol A1 2]
ol A Bk AAE oA

Byt 200 MPal A



A Ape e

]

e}

=5

1.2l

= B

s

3

w

s

T

HE 2 mm7t A 9

1 M

F
RagSs

o

I

&

A

1
1

00 MPaol 4]

8]

O

_,L
=

%

il
Tl

[EA

O &l v A} = 1 O
R R

37,



(a) O MPa (h) 100 MPa

(c) 200 MPa (d) 300 MPa

Fig. 12 Corrosion pattern of friction welded specimens with various
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