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Symbols

T : Torque of the triangular thread surface (kgf-m)
@ : Normal load (kgf)

o6  Tensile stress (kgf/mm?

©4 ° Angle of thread friction (* )

A : Lead angle of triangular thread (° )

#  Coefficient of friction

@ . Flank angle of triangular thread (° )

p : Pitch of triangular thread (mm)

d, : Pitch diameter of triangular thread (mm)
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A Study on the Corrosion Behaviors Related to the Load Stress in

Welded Zone of Al Alloy(A5083-H112)

Bong-Pyo Hong

Department of Mechanical Design
Graduate School of Industry

Pukyong National University

Abstract

This research is on the study of the corrosion behaviors related to the load
stress and the effects of heat treatment in a welded specimen compared to a
general one of Aluminium alloy(A5052-H112) in natural sea water. The results

from the constant-current stress corrosion test are as follows.

1. In the case of a welded specimen, in 9kgf/mm® of the load stress, the
highest average electrode potential and the least corrosion weight are
shown. Generally the more load stress is applied, the less corrosion

weight is shown. And the average electrode potential and the average

corrosion current becomes higher.
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2. In the case of a general specimen, in Gkgf/mm2 of the load stress, the
average electrode potential is the highest and the corrosion weight is the
least. As the load stress increases, the corrosion weight becomes less,
while the average electrode potential and the average Ccorrosion current

becomes higher.

3. As to the corrosion pattern of the welded zone of a specimen, the base
metal rather than the welded-metal zone shows uneven local corrosion

and pits. The more load stress is applied, the less the corrosion degree

becomes.

4. As to the corrosion pattern of a general specimen, uneven local corrosion
and pits are shown, and the more the load stress, the less the corrosion
degree. At the side of the specimen severe corrosion is shown in the

area of residual stress in the rolling direction.
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WE/HES HEol 010 dFuE 449 EHEMENY ERS Clolxn, 1
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2-1. A8 H

A Bzl EHY ABE T2 100mme) A AS083-HI12 LF0)F4 &4
°Ith. Table 13 Table 2 A5083-H1129] {bEB4y K4 L #HRAY #4S by
A0l Table 3& BN BIFRFS) SHEMEMEHS Yebd RHolo,

Table 1. Chemical compositions of A5083-H112 (weight, %)

Division Mg (Mn| Si | Fe | Zn | Cr | Ti | Cu | Al | Remarks
A5083 45010701 0.401040 1 02510.15|0.15| 0.10 | Res
Weld metal | 49 !0.12 0.10 Res
Table 2. Mechanical properties of A5083-H112 (20C)
Divisi Tensile strength| Yield strength Elongation R "
ivision emarks
(kgf/mm?) (kgf/mm?) (%) -
A5083 31 19 16
Weld metal 22 12 30
Table 3. Welding condition of test specimens
. .. | Welding wire Voltage | Current | Speed
Division (mm) Face W) (A) (mm/min) Remarks
A5083 | " (% 52?6 F 2% 220 340 | MIG welding*

* KEMPPI MX SYNERGIC (FINLAND)

AEAEA AS083-H112 & wE&eH RAXE 1 Zo) HEe BEHEH S5
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=5 HEERM AN GERE g BRYILA F4 ololAFB(inert gas-shielded
metal arc welding, MIG welding)2.2 el Lol71&#£e dQ). ofzasba
T (CHY MIGH#ES AL ot &%y XEY BILWe Khists B
H(cleaning action)°] Holutx, #AL T Zo] Wi H& WO o]Sme (5
BEEZF 7] "WEojth1d) £ AN #EEe HEBEE /s Bige #gia
ol k3ol ggEs o

~Setmen

Welded buttl joints in aluminum plate

P
//j
=

Weld metal zone

100

60 , 5

2
25

Al
/
[

Fig. 1. Dimension of test specimen



ERH(AS083-H112) A HERA & $JE e ¥ o Ad ME) (Machining Center)ol
M SEEERET(WS © Welded specimens)?t FE# B (NWS © Non-Welded
specimens)®] ET RES MIsR, HERARNS DU7%E o)L 2IERR
F KS B 0833-1995-1A (ISO 4136-1989) #itgol w30} mifFaigct.

Wi ¥ oA HAQAECA Fig 19 RBHA YA AT & REMK
< RMEMGRES dASA 7] Qste] #400, #800, #1200, £20009) B Fh(sand
paper) 2 BHESITE Fig. 18 e F43 245 vehd Aol Gimtg s
< BUER O3 HEEAHe SBARN HHS Sotstr) dete KRR
Aol % WE EHmskEsln, AsA2YLN0T WHMAA dY U2 ks
& SBEREE(MCB-1, metallurgical microscope)S {#Fistd, £ 10022
BRES ST BEESH (ZEF BES Tukon Digital microhardness tester
(weight=1000gf) & A3l BEs Ak



2-2. B ol AMTE HED

AS083-H112 &Fu5&&H RABNS Ak BREHDS 19%el/mm’ol 1, &
BMR) SEEE(E 5356)9) BREESO] 12kgf/mmPol B2 SREMKIS) [EHRHES <)
0%, 25%, 50%, 75%°l #1Fsti= Okgf/mm” 3kgf/mm? 6kgf/mm? O9kgf/mm?2e)
Rt LANSl SIRMENS fAfstr] 98t F4 30mme RS (HHstY 67
ol AEAE AFEAY. 2da EEAY TFuimel otz Y(acrylic)z A=at w

HAdl(block)E M X 3ta ABKS o, AN BEm) Fdd B—5H
RS AR f18td N’y B oladz AR FYAS REaK T 4

$BEAT Aboldl Wo] #38HS A, BIEENS AR %n 23
e AT olfre Ak 5IEREBE AM EZAA (torque wrench)S &4
she AgoRe HAYd "ed |EMNES AMY £ Q) WEod. FINE

n_]Io

e FEAE JEAES VI EES EMEES 7] g2 duksme a|
BN FERS7) ekl o] Fe mESA

Fig. 2= BB MMM KRESE EHY AR BEL(ixures 941
A4E ded Rol.

ABA Y FIRES(o)d O E3dX9 Ea( T)9 #HERS g3

T}.13)

Azt dabel GARe] ol £3E 7, BEMES Q ohu s,

T = Q%gtan(pdﬁ- A) (1)
olty. A7IA o, At ZZ YA nlatzia g = zbo|t)



o048 Ae z}z}

_ 1 ¢
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A = tan '—2_

7Td2

°ltt.

- (2)

3

Uake] vtd AL o= 015013, ERAL o = 307, WK p = 1.75mm, &2

i

o) vhE7 o, = 98267, =2t 4= 2935 7} "}

w2} A

T = 12380
o]},

dy = 10863mm°) 2 2(KS B 0201), ©12-¢ K (29 X (3o AT A}

4

EEWMES ¥E H(beam)olA 3 29 E (bending moment)?} BiEAE 9@ &

NS BMEKLS O 2y
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Z= 3
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A BN REEfl B BEFNES

2
Q = &k @

olE2 K(OE Rl Azt

2
T = 1.23 "bl" (10)

o] @t}
WEABKF(WS) T FEEERABRIINWS)AN b = 0mm, h = Smm,
[ = 60mmelm2, AN e B35 K (1002258 kaQu)
Table 4= 2R JFGEARS ) 2o B2 B35 ey o)t

Table 4. Stress and torque of specimens

Specimen No. 1 2 3 4 Remarks
Stress
( kgf/mm? ) 0 3 6 9
Torque
0 30.75 615 92.75
( kgf-mm )
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Fixture
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R
SRR
ORXK
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135
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|
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Fig. 2. Detail of corrosion test fixture
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2-3. HindcE 2 EBEG

Fig. 3& EER MK KREEES Jeld Aot Fig. 19 & R®HM 9
HRHE 71FELR o XKEHES 1400mm’ T B0 EEHE 4 Holx
2 & g aeln EEA Tikd ol2d BAUE Mxsi:, R
°f LU dike] EFES LAFS U EINANE ALsd Fmo &5
w7 2EE FHo| RS AR &% Okgf/mm’, 3kgf/mm® 6kgf/mm?
9kgf/mm’7} %2 &gt

BEO 2 SUFS WMBERE HEMko RABAY FEEH 24 1400mm?7t
HES UMA 858 #F HolZ2 22 #HAA RBAS ol 25mm Do
A ootad Hid Yo EE ZESUY 283 FEHe) AMY RBAY BYE
Bs dRE2 RIS F 40 8% BB FRo Fig 39 (b)9 o] %ES}
AR WEEEECE HRBWAS MY

Fig. 3. Experimental apparatus of constant-current corrosion test
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Table 5= K& FHY BRWKY #HEL UYegd Aoy,

Table 5. Qualities of natural sea water used for the experiments

Water Specific Sgeaflc Total Chloride

temp. ravit resistance pH hardness m(Cl) Remarks
(C) gravity (£2-cm) (ppm, CaCQs3) pp
20 1.0231 215 7.2 3.555 115

Fig. 4= EB/M MHEeh HWEE) HRES Jed Ao REKe BE
(anode) .2, WBIEM S B(cathode) 02 3t EH BT BEEEE, HHE T
Bf, TRMEMRE EIE A8 A EER EHEME BEol /5A 3

A T} 14)15)

I & REAF WHEE Alold BMEHE WIE AA%d HHEES
fZ3 HEERS s fiEstdd

HEe EEN EABHERS FHY WK AYe Yed Ao,

EfRREL BFEERE : DC Regulated power supply, Range 0~3A, 0~30V,

Model ED-330T (ED),

EVLE M Z£ET © Digital DC Voltmeter, Range 200mV ~1000V, Model DV-101A

(ED),
BV EWET - Digital DC Ammeter, Range 200uA ~20A, Model DA-101B (ED),
ATEAIE 8 ¢ Slide Rheostat, 187502, 0.8A, Model N-2791 (NEWTRONIX),
HEBBEAER © Electronic Digital Balance, Range 310g X0.1mg,

Model AP310-0,

pH Meter : Desktop Dual pH/ISE/mV Meter, Model 750P (Istek, Inc.),

._14_



Digital Strain Meter : Strain range %10 Model MS-1120,

Torque Wrench : Range 1.0~20.7kgf-m, Model OP-150 (Onion ins. America)
& FRI

OC Voiltmeter

~<q ST

| [ P SSSN—

! Fixt |
Specimen Cathode Ixture Test tank Electrolyte
{Anode) (Sea water)

DC Ammeter

Slide rheostat

Volt

OC Regulated power supply

Fig. 4. Schematic diagram of constant-current stress corrosion test

_15_



2-4. HEk

Fig. 39 HEEEAN —# HRBAT HERRA S BEA s arpm
N& &% Okgf/mm’, 3kgf/mm’, 6kgf/mm’, Skgf/mm’E =€ E3AX2 A ghe,
87Ho] HEMEA BEAA EFIZ NIt 28 BEGRRLS I BRERHHE
@)rtele] WA EES 8V, BB BHREES 06/mA/cmY7t 952 HEERET
EfLiEE S MEEHBE EAS 2ARPA 24007 B TER EHEHE
#e dAAT 23 ERgchd u 124 @92 RBA(BE)S BTG
(afE)whel MEEHEERL 2 MHUERY BLE gEstao

Pllbe) mEge]l B9 Fo] REHI HHEES HREBNN H8std Az
e, RBOlA MY 70% WEAEO 387 BEAA RBE HEd 229 &
E%e BEdt 283 & RBRAD ALY ©& HolTs Bid go
FLER Kl Az T EMES HwetA

a2 British Aluminum®] EAMER ) H¥E Wl Table 63 2o] 4S¥
39l Th1e1m)
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Table 6. The classification of corrosion pattern

Division | No. | Corrosion pattern Remarks
1 Ge S o] 2EERL
e 2 Gu Mol e 2mEat
& il 3 Le R R to] Fi4H
4 Lu e ek ko] [y
5 w W2 (R F 301 L6)
FLEK 6 M phre] (XS +dolL])
7 N TS ABMAE+20120.25)
8 K fEetE 3
9 Y PR Y
10 Ex &
11 P ZF L
HAth
12 B TES
13 S g
14 T B 3 vl
15 La JE AR St
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3. HEBRAR 2 B

SRR ASOS3-H112 Q70§ &b SERBH (WS, welded specimens)sh 3
$5 5308 (NWS, non-welded specimens)ol HFARENS 27)5 wan A £4
240 BERI(I0HR) $9 MENBMERS AN ota RBH T BHEEN S YT
BN 9 EHERS B 193 RBN REO) BMEAS MK £x sq
o,

sl WEDST RBAMN i

Fig. 5v ghgseamel (B BEAHE Jebd Aol LLuwadM H
el MEDME HHELBHIL SHHLT o e BES Yehiln, supm
AME G e BES MfFss @S Boln U o)k ojmmsia

il

5 MIGH#ZS 2~33)°] A dAstd A4S a7 Yio Hige
B PR BN BElugol d45o EEI A =A YU Rez
BREY. My BN BELBREY 450 BLES ¥487 yEd @mE
7t =A GERT, o] RN fEE@EMe]l 4 RASAY gl Asted

18)19)
Fig. 621 (a), (b), ()& HEARF HEM MEHESS Yl Holo, £

o fige Al afo)w, KA F#im Feol o8 ol X3 E(etch pit)7} A4
SHAME A DA ZxEo] glu}20
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Fig 5 Distribution of hardness at welded zone for specimens with
microvickers hardness tester (weight=1000gf)

(a) Base metal (b) Weld metal (c) Bond zone

Fig. 6. The microstructures in welded zone of specimens( X 100)
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3-2. ARSI we SERRA RaBH

Table 72 SHERABS HEXS) CEHE ENEUERAN RBN T HEED

o AR 27ld we BeE, FHHHER FLOMNERTA, RHEME
A& YEHd Aol

Table 7. The stress corrosion test result of welded specimens

. Weight | Corrosion | Electrode .
Specimen Stress . . Corrosion
No (ke /) corrosion | current | potential pattern Remarks
' (gf) (mA) (V)
WS-1 0 0.918&83 0.031 0.225 Lu W
WS-2 3 0.9157 0.033 0239 |Luy M, W
WS-3 6 0.9189 0.044 0.234 Lu M
WS-4 9 0.9134 0.037 0.262 Lu W
0.920
0.919
o 0.918
"@ 0.917
s 0.916
K 0.915
5 0914 |
° 0913 |
© 0912 |
g 0.911
0.910 : x

Fig 7 Relation of stress and weight corrosion for welded

Stress(kgf/mr)

specimens
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Fig. 7& AMEHN 27ld = HERisd BMES dgd oo
Okgf/mm’e} NS RAE WS-4 REMS WMEL 09134gfo 2 MHS AR
A Fe WS-1 RE o) BMEET A e Uehiln 93, 6kgf/mm?o) KE
NE& AT WS-3 REHOIAM M B mas e Jein g

Fig. 8 B3I 73t we MYERS) #BLEE Yed ol HEER:S =
= RGN TAA %R E F248 BAss @B Holtr), 1 gy
Be 8183 WMAste] 14450 R EE A9 BMErl 9eg BaEg 1y
ol 7bd 2 6kgf/mm’e) FENS AFY WS-3 REH NS Ty Eis)
004mAZ th& REgHol ¥l 0007~0013mA BE 24 vgun dwgos
AEEDE me RE)rol NS AMA &e ABHEY ga B4 Yeiuys
firmol ek,

Fig. 9% KR Ao W MYEHEMNS #EE Jetd Aot AHEE
EAE BE ARMES T BAMAE 343 BMAstarl, 144470 o] Re =
WAZ dgstoh gkef/mm’e] FEHS B WS-4 ABFANE FHRUEHE
BALZE 0262VE 7Hg A Uehton), 25 AKMEH T SERABRANMS
AGIENE matA & HBAET 32 =& HEe HAT 6kgf/mm?e] KEH
< A WS-3 R A$oe 3kgf/mm?®, Skef/mm?e] FEHS AFFe RER
FEG EHTEEM 2o BN EHRMS AES 2 $5 A%

&

BA7E RolAs Aoz duja oy & BE) Wamgl s fEo) @i
T E MHEHEMLIL Bmstt —E® AFHENAAE di BOE T oA
EFAse HEE B

Fig. 108 SERARA HERS) @egEe t&std ved Relth Fig. 10
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(@t EHE AR F& RRAOZ, MBS 2@ BUEHLY L Ui
€ AMW)EYE Ko, #FERAME U5 #MIAALS B 4 Y. Fig.
10 (b), (©)% 3kef/mm’ 6kgf/mm’e} MEHS RAHY ABAOZ FHEBY Kol
AA 3 XY= o] FMEL YA, Fig. 10 (d)E Ykef/mm’e] FEHS Anis =
B0z 2 280 At BHMMT FL BN UYelte BHEY @2
WEo) ARA Jerdth  #E RBA Y EBagRe Jdwndoz HmEo
B ¥ % Fo AMlA WS M D 2 BHRMOS #TES % &
o, APEHANE BARd) HREMO TRSA Udedt o= Fo Ik
(No 2R FRmt L 2HEEMOT #THE Aojet Mug

RE WES) WHERS 2mach Bae Mol waA #A9u, Mo
MIESFE R AMMENC) A8t wgoz gdo] = BEEMLY L We
Lol JEr R, e BHmE T BB BHFLEl st
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0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Corrosion current(mA)

—e—0kgf/imr —e—3kgf/ow

—e—6Gkgfimt —e—9kgf/m

96 120 144

Time(hours)

168 192 216 240

Fig. 8 Relation of corrosion current and time for welded specimens

Electrode potential(V)

Fig

0.60

0.50 |-

0.40
0.30
0.20

0.10

0.00

——Okgf/mt —e—3kgf/mm

——6kgffmt —w—9kgf/mt

72 96 120 144

Time(hours)

168 192 216 240

9 Relation of electrode potential and time for welded specimens
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(a) 0 kgf/mm?® (b) 3 kgf/mm?

(¢) 6 kgf/mm?® (d) 9 kgf/mm?®

Fig. 10 The detail corrosion pattern of welded specimens(Xx2)
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3-3. AMESIC] WE —# KA e

Table 82 TEI MENEeE HBUK 5 AFEHIY 270 08 —K R

o iR, FHEHER, TORYEEEN, BUERe Yehd Aol

Table 8 The stress corrosion test result of general specimens

. Weight | Corrosion | Electrode .
Specimen | Stress . . Corrosion
No (kgf. om) corrosion | current | potential pattern Remarks
' (gf) (mA) V)
NWS-1 0 0.9344 0.030 0.177 Lu W
NWS-2 3 0.9344 0.048 0.214 Luy W
NWS-3 6 0.9336 0.037 0.278 Lu W
NWS-4 9 0.9186 0.041 0.245 Lu M
0.940
0.935
5 oem
S
3 0.925
5
o 0.920
=)
© 0915 |
<
0.910

Fig 11 Relation

Stress(kgf/m)

specimens
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Fig. 11& AFMENY] 27 & —f R4S BURe Yebd oo —
e REFE EE N T REHe mme dEol EaiEol mMasta
9kgf/mm’e] FEFH & AT NWS-4 #EFol 713 B3, 3kef/mmie) MHS &
firdt NWS-2 RE&)7o WeES 09344gf2 714 B3 MHL AfsA ge
NWS-1 RE® A3 A9 2.

Fig. 12%& BeR1e) Aol we MHEEHS BMLE Jebd Rolu EHERS
RIS 2714 BAYC) BEMANE 343 Wbsh, 1 LigdE Az ¢
T EHEE A RS wHide FE MEw L FEEHES WMo T4
AYHBM HEHERIE ok AT, 96ROl THE = REME L] %5l s v A
B Aoz BHEY EHS ARHA FS NWS-1 REHoNE Ty
W 7E 0030mAR 7 e ghe Ul Skef/mm’e] FEHS AT NWS-2 %
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(a) Okgf/mm® (b) 3kgf/mm?

Fig. 14 The detail corrosion pattern of general specimens(X2)
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