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MIG Spot Welding Aluminum to

Dissimilar Metals

by Yoshihiko Sugiyama

An investigation on MIG spot welding aluminum to dissimilar metals was carried out using
A 4043 WY electrode wire in a combination of an aluminum bottom sheet and a dissimilar metal
top sheet. Dissimilar metals used in this experiment were tough pitch copper, mild steel and pure
titanium respectively. The main results are as follows:

(1) Tensile shear and cross tensile strengths of a MIG spot weld increase with increasing of
a diameter of a pilot hole made in a dissimilar metal top sheet under the proper welding conditions.

(2) The mechanical properties of welds correlate well with the behaviors of intermetallic
compounds formed between weld and dissimilar metals.

(3) The intermetallic compounds formed in the weld between aluminum and titanium seems

to have little effect on the mechanical properties.

(4) Intermetallic compounds formed in the welds between aluminum and dissimilar metals

were estimated by X-ray and electron diffractions.
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Table 1 Chemical compositions of base metals and electrode wire.

(1) Base metals

Base metal Thickness  (mm) Typical chemical composition
Pure aluminium (Temper: H18) 1.6, 3.2 99.8% minimum Al
Tough pitch copper 1.0 99.95 % Cu+0.04% O
Mild steel 0.8, 1.6 Corresponds to SS 41 (JIS G 3101)
Pure titanium (ST-40) 0.5 99.6% minimum Ti
1.0 99.3% minimum Ti

Pure titanium (ST-60)

(2) Electrode wire

Chemical composition (%)

Mark 5 .. PRI
Cu Si Fe Mn Mg Cr Zn Ti Al
A 4043 WY 0.01 5.25 0.21 0.01 0.00 0.00 0.02 0.01 Rem.
Table 2 Welding conditions of MIG spot welding in various metal combinations.
Top Sheet Bottom Sheet Pilot hole Welding Arc Arc
Mark g diam. current voltage time
. T hickness Thlckness
Material (tnm) Material (onm) (mm) (A) (V) (sec)
A Copper 1.0 Aluminum 1.6 None 280 32 1.2
B Copper 1.0 Aluminum 1.6 2 280 32 1.2
C Copper 1.0 Aluminum 1.6 4 280 32 1.2
D Copper 1.0 Aluminum 1.6 6 280 32 1.2
E Steel 0.8 Aluminum 1.6 None 280 25 0.9
F Steel 0.8 Aluminum 1.6 4 280 25 0.9
G Steel 0.8 Aluminum 1.6 8 280 25 0.9
H Steel 1.6 Aluminum 3.2 6 320 29 1.3
I Steel 1.6 Aluminum 3.2 8 320 29 1.3
] Steel 1.6 Aluminum 3.2 10 320 29 1.3
K Titanium (ST-40) 0.5 Aluminum 1.6 None 240 25 0.9
L Titanium (8T-40) 0.5 Aluminum 1.6 4 240 25 0.9
M Titanium (ST-60) 1.0 Aluminum 1.6 4 280 25 0.9
N Titanium (ST-60) 1.0 Aluminum 1.6 [ 280 25 0.9
O Titanium (ST-60) 1.0 Aluminum 1.6 8 280 25 0.9
Note: (1) Electrode wire: 1.6 mm diam, 4043 electrode wire.

(2) Shielding gas: 20 //min argon.
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{B) Cross-tension test specimen

Fig. 1 Sizes of tensile shear and cross-tension test
specimens.
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Fig. 2 Cross-sections of MIG spot welds between
1 mm thick copper and 1.6 mm thick aluminum
sheets (< 3.5).
Welding current : 280 A.
Arcvoltage: 32 V.
Arc time: 1.2 sec.

UL, 4oy hk— LOEREDIEK
KighE, MERRZETILIITLE D IO HOMHEZ
&ﬁ@%%&ém@%ﬁyt7ws:@A@%$tm&6
W7V =0 LHlARDETE, POAHDBART
holcksiciEbng. 4B, LOMAGELEDITT S
TR L i By 280A, 7 — 2 BT 32V, 7 — 7 2 4 L
12sec Tdh 5%,
e & 7o T =

Db B,

LOHEFETIR, NA oy bk —DK

WA, BEIR O 4 mm BEAL, Moo i
@ﬁ%ﬁ4nmrﬁ T ORBITEMS RS0, 8 mm
Wb &, FBI3ELEALFIEREED TS,

Fr LTI LOPTETE, N0y bk—LD
HENENFN 4L emm OBEI, O MBICIERM
o, BEEL 8mm OB I, Mgt §UZ%J: EWHT
VB,

1%, Fig. 3 1077 LIs T QU A 112 AL 2804,
7 — ST 25V, 7—% 4% 14 4 0.9sec T, TO&KMETH,
R LS AT S, i

D B0 F 2 OV % I
DOBEDERIL R S, AWHEO HIYW 5 3 5 55,

%) 1



(26) | | RS ER

January:-- 1980

Pilot:hole:

R (G) Pilot hole:.8 mm @
(1) Top-sheet: 0.8 mm thick mild steel sheet.
“‘Bottom sheet: 1.6 mm thick aluminum’ sheet.
Welding current: 280 A.

Arc voltage: 25V,
Are time: 0.9 sec.

(M)  Pilot hole : 4 mm ¢

(N)  Pilot hole : 6 mm ¢

[TPETTT

(O) Pilot hole : 8 mm ¢

(2) Top sheet: 1 mm thick titanium-sheet.
Bottom sheet: 1.6 mm thick aluminum sheet,
Welding current : 280 A.

Arc voltage: 25V.
Arc time: 0.9 sec.

Fig. 3 Cross-sections of MIG spot welds in aluminum-mild steel and aluminum-titanium.combinations (x4).
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Fig. 4 Results of tensile shear and cross-tension tests for MIG spot ‘welds
between aluminum and dissmilar metals.

Weld_metal

(C) Ppilot hole : 4 mm ¢ (D) Pilot hole : 6 mm ¢

Fig. 5 Photomicrographs of MIG spot welds in aluminum-copper combination (x100x%%).
Top sheet: 1 mm thick copper. Bottom sheet: 1.6 mm thick aluminum.
Welding current: 280 A, Arc voltage: 32V. Arc time: 1.2sec.
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Woeld metal

(E) Pilot hole : None

Woeld meta

Titanium

(M) Pilot hole : 4 mm ¢

(F) Pilot hole : 4 mm ¢

(N) Pilot hole : 6 mm ¢

(G) Pilot hole.: 8 mm ¢

(1) Top sheet: 0.8 mm thick mild steel
Bottom sheet: 1.6 mm thick aluminum
Welding current : 280 A.

Arc voltage: 25V.
Are time: 0.9 sec.

(O) Pilot hole : 8 mm ¢

(2) Top sheet: 1 mm thick titanium
Bottom sheet: 1.6 mm thick .aluminum
Welding current: 280 A.

Arc voltage: 25 A.
Arc time: 0.9 sec.

Fig. 6 Photomicrographs of MIG spot welds in aluminum-mild steel and aluminum-titanium combination (><100x%7).
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Fig. 7 Microstructure and hardness distributions
(Hv-100g) of MIG spot weld between 1 mm
thick copper and 1.6mm thick pure alumi-
num sheets (x300%x%41). No pilot hole.
Welding current : 280 A.

Arc voltage: 32V.
Arc time: 1.2 sec.

Fig. 8§ Microstructure and hardness distributions
(Hv-100g) of MIG spot weld between 0.8mm
thick mild steel and 1.6 mm thick pure
aluminum sheets (< 100 %4). No pilot hole.
Welding current : 280 A.

Arc voltage: 25V.
Arc time: 0.9 sec.
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Fig. 9 Microstructure and hardness distributions
(Hv-100g) of MIG spot weld between 0.5mm
thick titanium and 1.6 mm thick pure alu-
minum sheets (< 100x34). No pilot hole.
Welding current : 240 A.

Arc voltage: 25V.
Arc time: 0.9 sec.
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Fig. 10 Hardness distributions of MIG spot welds in various metal combinations.
B.M.: Basemetal. W.M.: Weld metal.

LL.: Intermetallic layer.

Table 3 Estimation of intermetallic compounds in MIG spot welds between aluminum and dissimilar metals.
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Fig. 11 X-ray diffraction pattern of weld metal
in MIG spot weld between aluminum
and copper.



Vol. 21 No. 1

TN =T AERBEEOI S ARy M IEE (31)

NIREF R D OBMEE 269 %,
@ BESEMNI/ 4Oy Fh— VBRI TS, &
HBRAETH 505, BMAREREULGEHEEANT, 240

vy MR-V OEENKEVE Y, ST OB IR K X
W

(B CHhEEESRELBESEOBRICERINIER
BEWEOREIEEZET 2, T48bb, fny hk—
VOBEENKEL B BHEE, BRINIEREISYE
HgY, INBESBOBALDE 3, COEMIZ
BELOMBBEENIE IAHC L > TR HN B,

(@) KERTHOILEESBEOMTHE, 7viovhld

F 4 v EDEFTRNT, SBRLEY» T OB
BRI THENEEALBD N -1,

(5) MFREXRINZ2GBEELEYEIEFORIELTA
Wim kb b, +FEERIRKESHETS,

6 rrizvirrlRESELOBESERINGSE
BREEW 2 XBECEFRITCL VFEELIL, Z20KE
BASCF® Table3 D E 50 TH 3o

X [

1) R.A.Stoehr, F.R. Collins: Weld. ], 42-4 (1963), 302
2) BLEE : BE¥aE, 33 (1964), 654

— 31 —



Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Titte No. F—=311)

HEIEBEAHE 7L I =y 25640 P5

FH R £ F 1§ 5 e

AR SR T2k & 5l BF 58 i



Q@Ei@ﬁ?ws

=V A5 EORRE

R g~ B I o5

S

1

Development of Aluminum Alloys for

Auto Body Sheet

by Teruo Uno and Yoshio Baba

Four new aluminum alloys, 30-30 alloy, CV15, 282S and GV10, which were developed for auto-
body sheet are described. “30-30” aluminum alloy which is of Al-Mg-Zn-Cu system was designed
to obtain excellent tensile ductility and fomability. The most prominent characteristics of 30-30
alloy is its excellent formability over the other aluminum alloys for autobody sheet. CV15 and
GV10 were specially designed to improve the stiffness and dent resistance of autobody panels by
the marked increase in strength during paint bake cycle. 282S is free from Liider’s Lines because
of the development of stretcher strain free temper. Technical data for these alloys are presented

and discussed.
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Ry & 4 3 IEBLEER &4 (5182, X5085) & Cu, Mg, Si &
BERS & T HEIBR &S (A-U2G, 2002, 2036, X2037,
6009, 6010, 6151) IKAHWET X %,

Table 1 (i3 MEHEOREN LA F 4o — 7L =D
LaE DR & AT E 2 B BT BT & i
UCRYT, BEORF 4 v— MAT VT 29 LB IIHE
RS & ERBETH D, A EAERLVE
EZALNBD, FF 4 RFNADT L 2RI 20T
BESFE L O LRI BELONBRTH B, 21271 2ARE

Table 1 Chemical composition and typical tensile properties
of auto body sheet aluminum alloys?®.

Chemical Composition Tensile Properties

Alloy (wt5)
Temper . S. Y.S. .
PETSi Cu Mn ME wpuioind) MPake/mi) (5
2036-T4 — 2.6 0.25 0.45 340(34.6) 195(20) 24
2037-T4 — 1.8 0.25 0.55 310(31.5) 170(17.4) 25
5182-0 — — 0.35 4.5 275(28) 130(13.3) 21
x5085-0 e 6.3 294(30) 147(15) 30
6009-T4 0.8 0.35 0.5 0.6 230(23.5) 125(12.8) 25
6010-T4 1.0 0.350.5 0.8 290(29.6) 170(17.4) 24
Steel — — —  >275(28) e >36
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P A CRENMNUEBOREET, ALMgRESHE
MOSS~—7E0OMELD B, ZLTHELE LR ETOM
BERZEET2ORE 21750, Table 210 RUIZ4E
FO A “30—3077, CV1Is®», 282S, GV107™® »E%
Ulz,

CV156& iz A-U2GE &L 2036 5&OBEE E sh Ty
SRR N FOREET 201ELIcA&THD, &
R %RE L, BEREMUBBORY 4 7 ViCk 35HED
BWinzidbh, €543 VOHIERR~C ABZEDR L
RRF A NRAINDTF—~CFT 2RO TLEETH B, A
BaBAX b GVIOASMBFR I NI, TE, KERS
WTHGVIO BEFICEHLI U2 60095 BBEZIN T B,

282S &4k AASIS2 HIMAEETH B, BlxEEs
EVicXh AlFMg REEBEMN 2 7 v A RIE T 3 Bick
U5 S.Sv—7DRERFIELTWL Bz CV15, GV10,
30-30 DA EFRICT U & — 20 ~OHEHEBTRET
»Hbo

CV15, GV10, 2825 H0E/ /€0 7 L 2R REED
KF4 =~ ET7NVIZ T ARG LBERILEELLNRS
Y, HBRRI-TRBILRBREEICENTZSSHNEE
dhbd, TV AR EEET3EESRFRBOETH
b, MOBENIEGE R TV 2AREESEIFTH
55, Table 2 RANBTEHEOR T+ > — FHT VR
Y LAESOMIREIIEDEL R,

IO EDEED S5 b X5085853 5 b O RILEN
THEbH, WRNEFSREE>E T 288 T 508, X5085
A& Mg EFRPENZDICEBICI T 3 INTEMEC,
TENBRBETORBICIMEDOZVAETH %,

Table 2 Alloy and properties of newly developed
' Sumitomo’s auto body sheet alloys.

Alloy Temper Characteristics

“30-30” alloy T4 Excellent tensile ductility (30%

(Al-Mg-Zn-Cu system) elongation) and press formability.

CV1s T4 Marked increase in strength by
(AL-Cu-Mg-Si system) paint bake cycle.

2825 H110 Corresponds to AA5182 alloy.
(Al-Mg-Mn system) Free from Liider’'s Line in H110

temper.

GV10 T4 Marked increase in strength by

(Al-Mg-Si-Cu system) paint bake cycle.

Table 3 Chemical composition of auto body sheet
alloys (wt%s).

Element

Alloy

Mg Cu Zn Mn Fe Si Al
30-30 4.5 0.38 1.46 -- 0.18 0.09 bal
CVi5 0.48 1.95 — 0.25 0.53 bal
282S 4.6 — - 0.22 -~ 0.17 0.10 bal
GV10 1.1+ 0.60 — -~ 0.22 0.50 bal

Z L THRIESIR s A OBE (B1BH330keg/mm?) &
NIROER B0% M) 2HL, U b EEOLRNES
BHEEEUVTHRELIZOB30-30868TH b, 30-30&5&
BEEDORF 4 v~ E7P VI o9 s8R~ THRER
KEATHNEOBEMTH 5,

2.2 S&MRRL & RILIBRE

2.2.1 &£

Table 3 T30-30, CV15, 282S% % *GVI0 0&E& S
OB 2R T 2825 B4:13 AAS182 & &1 Y D IERIL
HRSETH 55, 30-30, CVI5 ko GVIODRA&EIX
ZOMERSEDELLE L 5K, BREE T4 CHERT
HESNBEEEETH b,

CVI584 B X UGVIASIT DV TRSES L MILEE&
£ThHD, HELC I DRER2BL24ETH 525, 30-30
A& Mgic X 2EBEARFEAE Ins X ot Cu ORINIC X 5
FHELEZEERIIAETH B,

HEIERF 4 v~ MHEE&E U TREE L RBEEDL
L b BEDES S CENERENE Y, FAGOMRE
RO REZERMUTHREINTTLDTH B,

30-305@ e 7L 2 RO LIt BEA 2 BV CMg,
Zn, Cu EQXETRINTCEROFIME 2HE LIz, KOMBA
T® Mn, Cr, VEOHERNIBHRNOMML R
BEA LB R OBREET O ILCENTH %,

CVI5&4E L0 GVI0 6813 7 L ARG H OB EA
BO A7V IDBEEORMEZE»BL E2ERNDL >
EUTEERS BBE LI CVIS 41 A-U2G, 2036 i
L X270 R EEERMULCuRERSETEIEETH 5
D, CNODREERTVSINERMTESE LTRME
TOEOPEMTH B, SIORIMT L b 7 v AR 2%
TERB &L BEREAEROHEYT 1 7 Vit & b B
Wlhae, BEEZELU(ALIEICENTELLS,

GVI0E&IR 7V ARE 2174 5 T4 R BT 3R Ik
CV15, 30-30 D &EIch<TEL 2, CVIE 48U
CHBERAEG 4 7 vtk b U RSN 5 EEs
H5, ' ;

CVI5&&E L HEGVIOE &~ DR OEBNTOMEAV D
TR FERG Rl O P b <0 B B AL BH R IR T D B
LIRS D 5, '

30-30, CV15, 282S, GVI0D &G d B @Eh T

B h, KEISHEORE, s X OB RIEE, RKTHES

BEBTHY, REEFETHL T 5,

2.2.2 BINIB4EME

30-30, CV15, GVI10 HOHMMIEI K 5 1 >~ b fEE
R TARBETHE s h 555, TAMBEELUCRIET S
I EFEAIC X bR L (AT 5 T & MBEER
AR CH %, 7D DICRIEHHOEKRLEIT X b Ek
B ASTIBE © &, BEAMEICEN TV 3 & & SAER S
nbe
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| Fig. 1 3B enmEsE oBBo 15 LT, 30-30

&4 7% 680 ~840K (D755 BE TO0RDIE AR LALE BRI KFEA L,

238 3 2 SERIERI Utz T4 S OBIREOEEE & iR
BEOBEZTRT.

30-30 &4 ERRMEA 2T S BAT S b RHEH
400 40
U.T.S.
300F 430
S
Q
=.
=
i
o
>
&' 200} 20
T T T TR T
- /‘
|~
100 . . . X 10
680 720 760 800 840
Solution temperature (K)
Fig. 1 Effect of solution temperture on tensile
properties of 30-30-T4 sheet.
400
3001 U.T.S.
©
©.
=
= 200}
i
S —
S | T v.S.
&
100
0 . . ,
1074 10" 10! 10%

Average cooling rate (k/s)

Fig. 2 Quench sensitivity of 30-30-T4 sheet
quenched from 800K.

R EEECEERGLESTRETH D, Eﬁaﬁmmﬁﬁe
B ENTERTH D,
mg2mm%@&ﬂ@&m%ﬂﬁ&m%ww1%abt
30-304 4 T4 1% DIRE & BB S OWHHBE OB 2
Fde 30-30 @ REAMBEN T S12Y, BERLE
BED 6 RKBO L 5 RBEGH 2FEIBERSL, ER
BEOBHHEEI L > TH IS PASOPHEHTD
%, Fig.1 Xk ¢t Fig. 2 R Ul CVIs &8 & OF
GV10 &4 20T b &L AkicEE s h, 30-30, CV15,
GV10 D& &4 @R O E R MET & b HHGLEE D
HEETH b, WEAMI L BN TV 5O THEEMAFIC LD
Shig kS HIF T B CEHNFRET D 5o

Fig. 3 1243 30-30, CV15, GV10 O& &k % Mt AL
12k b B B 75 - 12 B A DR EREEE 2RI,
AN 2 BRETIHITEEBYRKT U, BELICTE
Ma@Eohskowiss

2.3 HEHEHE

Table 4 =iz 30-30, CV15, 2828k 0 GVIODE &R
oW TR R O 2R T,

2.4 HHEIME

Table 5 i1z 1% 30-30-T4, CV15-T4, 2825-H110 % & ¢

400

300t

200}

Strength{ Mpa)

100+

01 1 10 100

Aging time (day)

Fig. 3 Room temperature aging characteristice of

30-30-T4, CV15-T4, and GV10-T4 sheet.

Table 4 Physical properties of 30-30-T4, CV15-T4, 2825-H110 and GV10-T4 sheet.

- Average Coefficient of Approximate Thermal Electrical Conductivity
Thermal Expansion Melting Range Conductivity at 20°C, %IACS
Specific 20°C to 100°C
Alloy Gravity oy o &) (C.gs) (Equal volume)
30-30-T4 2.70 23.4X 107 565—635 0.31 33
CV15-T4 2.72 23.2X10° 570—650 0.38 41
2825-H110 2.66 23.9%x10°¢ ’ 580 —640 0.28 31
GV10-T4 2.70 23.3x10°° 570—645 0.38 42
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5 Tensile properties ‘of 30-30-T4, CV15-T4, 282S-H110 and GV10-T4 sheet in all three directions.
(1 mm thickness)

Longitudinal Long Transverse 45°
Alloy T.S. Y.S. EL T.S. Y.S. EL T.S. Y.S. El
(MPa) (MPa) (%) (MPa) (MPa) (% (MPa) (MPa) %)
30-30-T4 305 155 30 300 ‘ 150 30 300 150 31
CV15-T4 310 160 25 305 153 25 305 153 28
282S-H110% 284 140 24 275 135 26 275 135 27
GV10-T4 240 1135 25 235 130 26 235 130 27

* Variations of O temper not susceptible to Liider’s line formation.

GV10-T4 & E&@IT 2T L, LT 68X 01 45°0 3 5D
BHAEE 2R 1, SASHICBIIERSIEEORT £+
—bPHTVI Y LAEGETHRESKEIZELTHD, W
BRBLTEAS s v~ MRS L U TEMNEMER 2V,
{HORIC DT 30-30 BB MLOERICH~NTHIZH E

= {, TDT&iZ30-30 EROMBUESMOESEL b ELT
5 VBT EERELTY 5,
£ KP4 N Z00 RELET AR T L R TR, WAL
3 BED L 5 CAROREICK S 20 X T TREE
“ 200 AT ' gN TV A7), Table 5 WRLICE 5 wEHE LTOM
g FECIA T, BAIAOREC FROTENSED L > 2
gZV O 30-30 o 2825 WA JIET ORI LT BB D B,
© oI5 ® GVio Fig.4 i 30-30-T4, CV15-T4, 282S-H110, GV10-T4
ol ? . : . ) D& EE R IHARI0%BIHEINT U IcHA OMIEZEL 2R T

DB 7 A NI & b MBS U 3ER 28RN T
WEbREBIRITIDTHBH, MTICE HRE, &L
AP EEEcE L CWNT 5,

Fig. 5113 7" v 2 BRIPHR OW BB AT & 2 BEZE(L
PRELLERE LT, SR KRI0% 08 ENT 277
i - 1281 448K T 3.6Ks g U 125 & OB L 2R ¢,
30-30&4 % & 0% 282S 44 14 448K T 3.6KsDINEIC & b 1
B TR L CIRBE DS T 9 5 2%, - 30-30 A DR
ETENS0, chitdUCVIS4a8 L0 GVI0 540
BE BRI X b RSN T 2B D B,

B, &ETHERMNNIEROMY 1 7 VX D IRED
AhzhsocgebERHINTEY, {AEH TR ERD
AU2G A& fl> T CP485 (AA2002) Axds, KE T
Al-Mg-Si 32 @ 6009 &4 ¥ & of 6010 &E:2BAFE I hTLy

Tensile strain(9)

Fig. 4 Effect of cold work on yield and tensile
strength of 30-30-T4, CV15-T4, 282S-H110
and GV10-T4 sheet.

Strength(Mpa)

200k - 5%, CVISaE 8 X GV-10 aRicsh b s & 5 ki
g T e BEATAVERIT & 3 BRRE O b R BRI R 3 B B A8 5 >
,,,,, Al e BA%o |
" 0 30-30 @ 2825
@
100 © CVi5 ® GVl(? : 3. B OB o W
0 . 2. 4 6 . 8. .. 10

K54 o= NHT V=T AREORIEE O ML,
=y e fHE, nff, r i, SACHIEORBHECET
BRI O L & SRR R A IR OEEiIc L b bk
k7 OWENTTRETD 5,
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Tensile strain (%)

Fig. 5 Effect of paint bake cycle on yield and tensile
strength of cold worked 30-30-T4, CV15-T4,
2825-H110 and GV10-T4 sheet.
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Table 6 = Formability indices on 30-30-T4, CV15-T4, 2825-H110: and GV10-T4 sheet (Imm thickness).

Alloy
Formability Indices
30-30-T4 CVI5-T4 282S-H110 GV10-T4  Mild Steel

Total Elongation (%) 30 26 24 25 >36
Uniform Elongation (%) 22 20 20 20 23
Strain Hardening Exponent (n) 0.29 0.25 0.27 0.25 0.23
Average Plastic Strain Ratio (r) 0.68 0.70 0.76 0.70 1.50
Limiting Drawing Ratio (LDR) 2.14 2.14 2.14 2.14 2.20
Erichsen Cup Height (mm) 9.8 9.2 9.3 9.4 11.0
180° Bend Radius 1/2t 1/2t 1/2t 1/2t —
Eearing Height (%) <2% <2% <2% <2% -

Table 6 iz 30-30, CV15, 282S &k 8 GVI0 & &
S ORIEHEE 2R T nECH—MOEER & 13EAT
Thbh, £, =972 fE, r HECOVTEER
Y h BB, 485G0%» T 30-30 FEHE b RE
HIZENRTWBEELLN .

BEHED TR Sh 3 BRI TrrEaRtic 2
%BLTTHbD, BEL /) VAV —— N ThHEILDRFHE
DPEEEIC I B ¢ LI, 30-30, CV15 85X 8 GVI0 0%
BEHOVTIE TV ARERC S.S v~ 7 1ZHEL R0 H,
282S S S MBMIC DV TIZEE L S.Sv— 7 BET 5129,
S.S =— 2V OFERFHILT 2 RHHLHEERER2ERE LI
5 T2828 a4 o T $30-30, CV15, GVIOZEDad &
BUL T T4 -2V ~DERAPTETS %,

AA5182 &> T % SSF (Streacher Strain Free)
MBEOBBEER I NI EMBBL STV 3,

Table 6 /R LI & 5 RIERHE M INA TR 2 3
W AHEEE LTV ORBEBEHA SN S EMBE 0,
Table 7 123 30-30, CV15, 282S, GV10 O& &S &M
(Bi3EsR s 300MPa) o/ UHBRIER 2R T, F2H5
HOEEE2EL 3EN LS EEEBREVEERE 2
HU B SLVS ETIRIEMNEZ 2, 4BEO Ve
U ABEDS L TH0-305EMBEL SV EIMNEL,

3 ST 2 BT A 4 EEOT T L =Y
SEE LR OW TR RAMER 2 ER U 2, Fig.6i
BEOFBRBERUICY, S CHBKREARC4ERD
TN AEEDS B Tid 30-30 A5 b RIEHE I E
NTHNBEELOND,

P EOE 2HBA 9L 30-30, CV15, 2828, GV10%
DEBGED S b T 30-30 A5 L R HEL TN 3
EEALNDY, WIEMEICEBLTEL» D HE B0
BRTH» 5,

RO L > LEBRENRBEC S 2 EBOREICI s
BLZORBHEZFHMET5C & HNTUETH B, 7ri =
TAEE I D HEERT 4 2B EOBREREIRED

Table 7 Hydraulic bulge tests of 30-30-T4, CV15-T4
2825-H110 and GV10-T4 sheet (1mm thickness).

Bulge Height (mm)

Alloy ~ " Circular (100 mmg) Elliptic (94 x40mm)
30-30-T4 30.0 15.0
CV15-T4 28.6 14.0
282S-H110 28.8 13.8
GV10-T4 28.8 14.4
Mild steel 19.0

36.0

Plane strain

= Draw + Biaxial. strain. ‘J

Major strain

Mild steel
504 A
ol 30-30-T4
GV10-T4

20+

=

CV15-T4

2825 -H110

L 1

-10 0 10

20 30 40

Minor strain(9)

Fig. 6 Forming limit curves of 30-30-T4, CV15-T4,
282S-H110 and GV10-T4 sheet (1 mm thickness).
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R= TV AR BT > LGB AEONEERER2RT,
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T2XXX, 5XXX % L 0 6XXX RAEONET X 2%, A
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hELLENRTWARY, BRCETHIERPHAIER
B EELON S,

Table 8 izt 30-30, CV15, 2825, GV10 Oo&&&ID
T ASTM B117 ic# 1 T 3600Ks D /K B 25571
- 125 E& O At R 2R T,

BEECHTETHALCESREY b 325, &b Ak
WH B CVIb 44T LMERPERORADRIZNI L, FEH
ED b OOMAER SV TR EEILER EMER
LEALOND,

(b)
5. & H v [

BEERF 4 v — MHE&E L ThFE L 7230-30, CV15,
2825 B L ' GVIOD 4 T DA EIT OV T ORI % &
hEEoiz,

(1) 30-30A& ML AHOME (B13EMR330kg/mm?)
EENIMOE B0%HY) 2HLTHD, HEOXF 4
Y= MHTNT 2V AEE L Y B ENTY 3 O8E
WTH 5B,
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Fig. 7 Full size stamping trials of 30-30-T4 sheet
using production dies designed for steel.

(a) Tailgate outer panel.

(b) Ventilater panel. £3,
() Door inner panel. (3) 2825 At AASIS2 ARAEM D AMg RAE T H
595, FHlLHEROBRBIKK LD 7L 2ARERDS.S < —
Table 8 Corrosion resistance of 30-30-T4, C15-T4, T DOFERHIELUIZONERTHY, 7942 -3 0~AD

2825-H110 and GV10-T4 sheet by 5% salt

spray test (3600 Ks). BB S RET S 5,

@) ERASOEREHECOVCTRERIME BEZAST

Alloy g;s:;lination ‘l;/eetiﬁf:lttion étorsesnzltileld b, 703 =T LBHRTR & RPN T 530-30
(mg/cm?) (%) BHEVAEIBRERF s RAVCERIN T 2BES

20-30-T4  Mild pitting attack 0.7 20  BREETIEDUDEZOBBRTS 5. S8AF 4/
CV15-T4 Severe pitting attack 1.0 3.0 ANDT NI REPZIES S ICRERCERTHED
282S-H110 No visible attack 0.35 1.0 BAZE & T AIE, A, RELIRSE O THEAT ORI E

GV10-T4 Mild pitting attack 0.5 1.5 ERFEHEELLNS,
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Electrolytic Etching Techniques of
Aluminum Strip for Lithographic
Printing Plates

by Toshio Suzuki and Yoshikatsu Hayashi

Aluminum strip was electrolytically 'etched by alternating current (1¢, 3¢) in two different
acidic electrolytes ; hydrochloric and nitric acids. Morphology and distribution of pits on alumimum
strip was studied by scanning electron microscopy and the stylus traverse method. Pits pattern
was essentially a function of the electrolytes used and was independent of current density. On the
other hand, surface roughness was primarily a function of current density and was less affected by
the electrolytes. It was found that more uniform hemispherical arrays of pits were formed in nitric
acid electrolytes than in the hydrochloric acid. From these facts the mechanism of etching proce-
sses is discussed. Etched surfaces were covered with thick layers containig anodic dissolution
products and materials deposited from the electrolyte.

During the cathodic process in which hydrogen gas evolves the layer is incompletely destroyed
and at the same time materials might be deposited from the electrolyte. Alternatively,when potential
of aluminum is over pitting potential in the electrolytes bared or thinned layer sites are dissolved
anodically and is also covered by anodic dissolution products. The simultaneous film formation and
incomplete destruction of the layer tend to roughen the surface and thus etched pits are produced.
In order to obtain uniform pattern, it's necessary to control the layer formed during etching processes.

1. #
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MR E LN AMRARBETH > T2, Bl KEAE
BE, 72 MERZEOEN» S ORI LTI PSR
(Pre-Sensitized Plate) e ->ThhHoNd LI 1HE-
1o

HHMORERBME NS BEP L eA b E, REDH
HEIT W THEE O MBAYMIRIL N v FRO KR — VIFEET
»y, HEmmGE (Ha=0.9~1.2pum) %E->TE b,
%2 O TR ONREMEZ A by » TREHK DT
S URMEETC, 7ok (BKT Ha=0.6 tm 7
) BIALNTWVWAEZ EREBEND S,

PSIR#HE LTEREN B T &k, (DEOEH & OB
HABREFTHICE, QBKESRFTHZCE, (DW
HAOBBRMEMRIFTHECE, D) HWEBESREFTH S
CERETHD, 7T =0 LREHEORENIEOM T
Toh b OHRERILIEINAZ M T L ENTE S, TLb
LHEREMEDN D B L Wb b, 2 U T Z 0K, H—727
Y CHELMMN 2R OMELETESLETHE, b5

i

&R 30 (1977), 541, Fek
B AT T

207 DHEI X 27 53 OERERENEH & O EEIT
BOTEETHLLO>CHLDLONDH B,

— NIRRT BARACIERR 7 7 OhSVE
M, $rEREMEcE T SYOREN S OMBHEND
BTV 5o

AR 7 v 2 = v AR O ME LS UTER >
F U FEMNERT Sy FORREHE, 7o 9OEHKE
WThDEEL, TRKBEESRCEMETS LEALD
HEBERATIC B3 % SERERRSE 21T > T Bo ,

R 7 Ve = v lfOERT v F v JIEC 20 THEL
NECIEXOEAMBEFEINTY S, ZOEKLTS
CEREMET Y NS — 2 218512 OB
EERAM O AT OMETH Y, FRLEINEBREET
%12 DLEHIFEOMIETH S, UhrLehnbidvdnd
U o NURIBY BT b LR T 5 ARSNIR
Vi EAE RS ST, DEPREHFEERSARSNT
WBITITH B, UL civh TRERMBEE & UTHE
s s LTVEH, MEMLULZEDOLEYy b2 — 1%
7 I O T ORI W,

7 ¢ TEECHYT 5 TRLEHIREE U RBRER 2 HE
T 595, MR & Ui, M bEBK IR L e
BEEE [T B O T DI LB s ) & — b ALBE ALY

— 39 —



(40) ’ BE XA E & B & #® January 1980

BFvw4 MR, HB30EFNDL BPEEGE NS TS P, AW TR ECIKANT, HEAGHE U TOBEBRL »
- THEFE U, ERCIR, HIREERZET, BARE, F o TEDOARTDNTIRN D,
FFHEHRE, MREOBEN, MEDKE TEREBZ NS

(7)

(16 (6) (

e (9 e 51
Fig. 1 Schematic representation of electrolytic etching

cell with single phase A.C.

(1) Rectifier (9) Guiding roller

(2) 1¢ Transformer (10 Rinsing chamber

(3) "Switching terminal (1) Drying device

4) Electrode (1) Heat exchanger

(5) Orifice 13 Pump

(6) No.1Electrolytic cell (19 Storage tank

(6" YNo.2 Electrolytic cell (15 (Electrolyte) feeding tank ——Feeding tank
(7) Aluminum strip (16 Coil
(8) Strip supporting roller (i Re-coiter
(n 2)
> 5o -
b 3o -—
' ]

(1) Switch )
(2) Induction regulator -
{3} Transformer i
{4) Electrode 7) ) (4) {4) @)
(5) Oritice 8 8
(6) Celi
{7} Aluminum strip (5) (5)
(8) Roll S L LN

Fig. 2 Schematic representation of electrolytic etching
cell with three phase A. C.
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Fig. 17 5 HOERICHW R EBROBEM 2R 4. &£
EBORMITEEFE SO THEA OBERESIE A HK
THETE2CETH 3D, FARIZE 2 MKy 5 HER
WEMR, T3 70—%% Fig. 22 WRTIH REELE
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1) BkAbY v T 300 mm
@)y Bks4 WE 10 m/min
(3) BARAFWER 2000 A

2.2 EEREER

&5 UHITIE - T L b, BHBREHERY, B &
O RSERSRAEARY 2 VT (PUTFIC I HERIE, MEB&I8d),
AERCHOW I BN %2 Table 1 WRT,

Table 1 Bath' composition for electrolytic etching.

Electric conductivity

Electolyte Composition

py/cm

HC1 solution 3.0 wt% HCI 2.2% 105
0.2 wt?s H:S0:
0.03 wt% W.A.

HNO: solution 1.6 wt% HNOs 1.1x10°

0.1 wt% HCl1

remark, W.A.; Polyethylene glycol octylphenyl ether

2.3 B
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TE U, HERE CHER L I 18Iy 2 #1851 % Table 3
DEBREE2 .32 Fig. 4 KR U,

3.2 THBMAEE

A1100 #4 23R 1.6m/min Tl U, HEAEE 225~55
ViELSETEMLRTLERER LI, AV 74 AT
HE 6 o &R EC I 200mmif X 125mm £ & OEE %
EUIZ, A MYy TOEIPRETEEL, SXEAER
OWHEMS= v F o FEIN TV IO TEREE XERTE
HERIEHER Uz, T DR % Tabled iR T,

wic A1050 # % v CREBR, BEET 30~40V T=
BB RIS -7, C OEAIEERZ 200 mm 1 x 150
mm E 3 2EH U, BREEOFHEIFL < BREER
BEAME Uz, FEE % Table5 iR,

Table 2 Electrolytic etching conditions with single

phase A.C. in hydrochloric acid electrolyte
on 1100 aluminum strip.

Exp. NO 1.1 1.2 1.3 1.4
Line current (Amp) 700 840 960 1120
Line voltage (Volt) 59 67 74 79
Current density (A/dm?) 58 70 80 93
Line speed (M/min) 2.4 2.4 2.4 2.4
Etching duration (sec) 30 30 30 30

Average roughness Ha (¢#) 0.45 0.56 0.65 0.8

remark, Current density; Line current,“etched area

Table 3 Electrolytic etching conditions with three
phase A.C. in hydrochloric acid electrolyte
on 1100 aluminum strip.

Exp. NO 2.1 2.2 23 24
Line current (Amp) 280 420 560 710
Line voltage (Volt) 20 30 40 50
Current density (A/dm?) 42.4 63.6 84.8 108
Line speed (M/min) 2.4 2.4 2.4 2.4
Etching duration (sec) 30 30 30 30

Average roughness Ha (#) 0.21 0.53 0.66 0.95

remark, Current density; Line current “etched area

1.0

o8k © Single phase A.C.

a Three phase A.C.
0.6}F

0.4}

0.2+

1 1 1 H 1
0 20 40 60 80 100 120 140
Current density (A/dm?)

Average roughness{Ha), ()

Fig. 3 Relation between average roughness (Ha) and
current density for hydrochloric acid electrolyte.

Table 4, Table 5 > 5 BN EE Y b OEE & (A-sec/dm”)
BT v ERGE RS Fig. 5itR 7T,
MBMBRERTEB LNy P2 — U RHEIERZ L
HBRTEINIZYy & - REBLT, fB40Ey
FASED S THD, BHRREVI XD BEIREZELT
Wize RYERR THERR U Tz SUBRY 2o A1 @] % Table 4 DEER
FHE 34 woT Fig. 6 IK/R LT,

Table 4 Electrolytic etching conditions with three
phase A. C. in nitric acid electrolyte on
1100 aluminum strip.

Exp. NO 3.1 3.2 3.3 34 3.5
Line current (Amp) 250 300 350 400 450
Line voltage (Volt) 25 40 45 50 55
Current density (A/dm?) 100 120 140 160 180
Line speed (M/min) 1.6 16 1.6 1.6 1.6
Etching duration (sec) 14.1 14.1 14.1 14.1 14.1
Current charge

(A-sec/dm?) 1410 1692 1974 2256 2538

Average roughness Ha (2) 0.31 0.58 0.70 0.83 :0.92

remark,
Current density ; Line current,/bottom area of elect-
rode (2.5dm?).
Current charge; Current density X etching duration.

Table 5 Electrolytic etching conditions with three
phase A. C. in nitric acid electrolyte on 1050
aluminum strip.

Exp. NO 4.1 4.2 4.3 4.4 4.5 4.6

Line current (Amp) 235 270 300 330 360 390
(Volt) 30 33 36 39 42 45
Current densily o 70 90 100 110 120 130
Line speed (M/min) 1.6 1.6 1.6 1.6 1.6 1.6
Etcing duration(sec) 16.9 16.9 16.9 16.9 16.9 16.9
Current eharge m» 1823 1521 1600 1859 2028 2197

Line voltage

Average roughness )
Ha () 0.28 0.36 0.40 0.46 0.54 0.66

remark,
Current density ; Line current,/bottom area of elect-
rode (3 dm?).
Current charge, Current density X etching duration.
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T

(&)
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Average roughness (Ha), (u)
(]
B
H

O I t 1 ! 1 Il
1200 1400 1600 1800 2000 2200 2400 2600
Current charge (A sec/dm?)

Fig. 5 Relation between average roughness (Ha) and
current charge for nitric acid electrolyte.
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Fig. 4-a Scanning electron micrograph of pits configura-
tion on 1100 aluminum strip electrolytically
etched with three phase A. C. for 30 sec at 84
A/dm? in hydrochloric acid electrolyte.
As etched. (x<3000)

Fig. 4-b Scanning electron micrograph of pits configura-
tion on 1100 aluminum strip electrolytically
etched with three phase A.C. for 30 sec at 84
A/dm? in hydrochloric acid electrolyte. After
immersion in phosphoric-chromic acid solution
at 60 °C for 30 sec. (x3000)
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Fig. 6-a Scanning electron micrograph of pits configura-
tion on 1100 aluminum strip electrolytically
ethed with three phase A.C. for 14 sec at 160
A/dm? in nitric acid electrolyte. As etched.
(X 3000)

Fig. 6-b Scanning electron micrograph of pits configura-
tion on 1100 aluminum strip electrolytically
etched with three phase A. C. for 14 sec at 160
A/dm? in nitric acid electrolyte. After immer-
sion in phosphoric-chromic acid solution at 60
°C for 30 sec. (x3000)
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Heat Crown of Work Rolls during
Aluminum Hot Rolling

by Kiyoshi Nakagawa

The crown of rolled strip is occured by the rolling force, the roll bending jack force, the
machined crown of rolls and the heat crown of rolls.

In this study, the heat crown of work rolls was measured by the aluminum bar method, and
using the numerical method based on the partial differential equation for the heat conduction of
the workroll, effects of the strip temperature, the draft, the idle time and the heat transfer
coefficient between roll and coolant was calculated and estimated.

The results obtained are as follows ;

(1) After 10 coils rolling (5052, 18t x 1085W—4.0tx965W), the heat crown is still in process of

growth.

(2) After 10 coils rolling, the amount of the heat crown per strip width is 75 #m on radius.

(8) The ratio of the heat crown per strip width to that per roll barrel is about 0.6 to 1.0.

(4) In the estimation of calculation, the heat crown is most controlled by the draft and next
by the strip temperature and next by the heat transfer coefficient between roll and coolant.
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Table 1 Specification of Aluminum 3 tandem
hot strip mill.

Type 4 Hi nonreverse

Screw down type

DC 2600 KWx 3

Roll gap adjust

Main motor

‘Work roll diameter 733 mm
Back up roll diameter 1380 mm
Roll barrel length 2286 mm

Rolling speed max 288 m/min

Roll balance force max 93.6 Ton
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Fig. 2 Measurement of roll gap and measuring devise.
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Fig. 3 Relation between minimum thickness of
Aluminum bar (1050-O, ¢5) and compres-
sion load.
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Table 2 ‘Measured heat crown (zm).

thichness X width
number F1l stand F2 stand F3 stand
. (mm) of rolling
material
‘ when er strip | per roll - | per strip | per roll | per strip | per roll
entry exit measured | © .
width barrel width barrel width barrel
5052 17 1485 | 3.6x 1365 1 22 36 - 17 29 21 30
5052 171485 | 3.6 1365 10 82 120 90 140 74 112
5032 181085 | 4.0X965 10 93 156 73 121 74 148
5082 171035 | 3.2%<915 5 59 93 58 92 51 92
i i

Table 3 Standard condition of calculation.

Thickness of entry strip h; 5.2 mm

| Thickness of exit strip  ho 3.2 mm
Rolling force P 700 Ton
Rolling time tr 180 s

B.U.R Idle time ti 120 s

Str’ip temperature Ts 315 C

]

i -

o o sl | o e
I
Heat transfer coeftticient an 15 W
between roll and air

Table 4 Rolling condition of Fig. 9.

Fig. 7 Boundary condition of work roll
1 2 3 4 5
@ Coolant cooling zone Coil number
@ Heat entry zone from strip . . . .
@ Air cooling zone RIGIRI G RIGIR]LR
@ Back up roll cooling zone Rolling force
(T 761| — {690 — |6564] — |654| — 654
on)
4000 S
trip
temperature (C) 359 378 387 383 — |383
5 3000 - .
= // Time (s) 177 1128|177 1175173} 47 | 170|180 170.
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0 5 10 sl gl b B b HS— 5 -
Coolant aressure(kg/om? ) ZRHE, ﬁizﬂﬂﬁéiﬁ BE & —HT 5 L dicaseEDIC,
coExOWREHhOE~ b 5T b RHUEEEE
Fig. 8 Relation between coolant pressure and @c'. ek Fig. 9 IWRTIHIICBEL —H LT 5,
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F4 BOSEIB Y 3 EREBEBRIN O
(1956~1977, EREEJ], FPEAE], BATEET)
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A B & B # ®

£7 WEK =25 v X8 CKE

January 1980
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29-4 29 0 4 54.8 66.4 25 >1.0
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Sheet Fabricated Aluminum Wheels
for Smaller Passenger Cars”

by Sazuku Nakamura**, Masao Ito**
and Yoshio Takeshima**

The developed lightweight wheels made of 5083 sheet range from 13x4.5 which weighs about
36 kg (7.9 1b) to 14x6 which weighs about 4.7 kg (104 1b).
These aluminum wheels are from about 15 kg (6.8 1b) to about 20 kg (9.1 1b) per set lighter

than steel production ones.

Each of the wheels is composed of stamped spider and seamless rim joined by shielded-arc
welding and is stabilized by thermal treatment after welding.

Therefore, the wheels not only meet the performance requirements on dynamic cornering/radial
fatigue test (SAE J328a), impact test (SAE J175), push out test and nut fastening test (JASO C603),

but also have enough stress-corrosion resistance.

1. Introduction

Aluminum wheels have been investigated as a means
of reducing car weight chiefly for the purpose of fuel
economy. The weight of road wheels is one of the
driving and unsprung weight, therefore its weight
saving leads not only to secondary weight saving but
also to easiness of steering and high comfort.

Some aluminum wheels are casted, some are forged
and some are made of wrought alloy. Characteristic
of casted or forged aluminum wheel is rather the
styling feature than the light weight, while sheet
fabricated aluminum wheel must achieve considerable
weight reduction and is expected to have about a half
weight of steel production one. Actually aluminum
wheels having seamed rim made in like manner as
steel one are on the market in the United States.

But we have not yet established the techniques for
flash butt welding and rim forming of the welded hoop,
so we have developed aluminum wheels having seam-
less rim.

This paper describes fabricating process and perfo-
rmance of them.

2. Alloy and Fabrication

Wrought aluminum alloy for wheel is required good
combination of superior formability with high strength.
And non-heat-treatable alloy is prefered in respect of
productivity. We use 5083-O sheet modified to have
improved formability and stress-corrosion resistance.

Fabricating process is shown in Fig. 1.

*Presented at SAE Passenger Car Meeting, Dearborn, June
1979.
#*Technical Research Laboratories.

The 5083-O sheet which has nominal thickness of
spider is blanked to sheet circle. Its diameter is deter-
mined by wheel size and rim thickness. The blank is
formed to drawn cup. In case the drawing ratio is

Bianking

Drawing

Flow forming

I Separating & Trimming l

Heop Disk

|

l Spider stamping ’

Rim forming l

Weid joining
{ Surface treatment J

Fig. 1 Fabricating process.
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above the limit, the blank is drawn twice.

Then, the thickness of cylindrical portion of drawn
cup is reduced to nominal thickness lof rim . by flow
forming, as rim ought to be thinner than spider in
the matter of strength, and then the cup is separated
into a cylindrical part and a dish part. The cylindrical
part is formed to rim by conventional forming tech-
niques. On the other hand, the dish part is stamped to
spider in several operations \and is lathed to fit into
the rim.

Then, the rim and the spider are fixed in keeping
the expected offset and joined by shielded-arc fillet
welding.

And then, it is properly stabilized by thermal trea-
tment in order to be free from stress-corrosion crack-
ing.

Finally, several kinds of surface treatment are app-
lied, e.g. buff polishing, barrel polishing, fanodizing,
plating or painting.

The yield rate of material in this process is about
60 percent.

The completed wheel is inspected on external appea-
rances and dimensions. The dimension accuracies are
listed in Table 1.

Table 1 Dimension Accuracies (mm)

Circumference of bead seat +1.2
PCD of bolt holes +0.13
Diameter of center hole +0.5
Offset +1.0

Radial vibrating range of outboard bead seat 1.0

Transverse vibrating range of outboard 1.2
flange :

Height range of pads 0.2

3. Performance

Performance of wheel must be strictly estimated,
as it is one of the most important parts to keep safety.

Performance requirements are provided in SAE J328a,
J175 and JASO (Japan Automobile Standards Organi-
zation) C603.

14X 5.5

13X4.5
Type S2

Fig. 2 Appearance of the wheels.

— 65 —



(66)

£ & &2 & B 5 8B

January 1980

In the following paragraphs, performance of typical 200
wheels shown in Table 2 and Fig. 2 are described.
Wheel sizes are 13X 4.5, 14 X 5.5 and 14 X 6. Nominal
thickness of spider is 6.3 mm(0.25in.) or 6.7mm (0.26 180
in.), and that of rim is 5.0 mm(0.20 in.). These wheels r Stesl
weigh 50-55 percent as compared with steel product- %160
jon ones of the same size. %
«
L))
Table 2 Dimensions of Typical Wheels 5 140
Nominal thickness i
Size Type (mm) Offset Weight _g %x
Spider Rim (mm) (kg) S 120
13%4.5  S1 6.3 5.0 30 3.6 © %
13X4.5 S2 6.3 5.0 25 3.5 Aluminum alloy
13x4.5  S2 6.7 5.0 25 3.7 100 o]
14 X5.5 - 6.7 5.0 15 4.5 <
14X6 - 6.7 5.0 15 4.7
80 | Lo Lt ] L W
Pitch circle diameter; 1143 mm (4.5in.) 108 108 107

Number -of bolt holes; 4

3.1 Dynamic Cornering Fatigue Test

Purpose of this test is primarily to examine the
strength of spider. M - N diagrams are shown in Fig.
3 - Fig. 5, which are results of the fatigue test carried
out under ‘initial nut fastened torque of 12 kg-m (87
Ib-ft) and rotating: rate of 750 rpm.

Reduction of nut fastened torque in the test -was up
to 0.2 kgm (1.4 1b-ft).

Fig. 3 shows minimum life of 13 X 4.5 aluminum
wheels of two types and similar steel ones. Fatigue
life of type S1 is longer than that of type S2 in the
range of low ‘bending moment, which means that prac-
tical life of-S1 is far longer than that of S2, though
there is little difference in the range of bending moment
as high as‘accerelated-test condition provided in the
above-mentioned standards. It is considered that this
is caused by the. difference of spider shape, i.e. S1
spider has no closed bead and its surface curvature
is comparatively: gentle:It is obvious that thicker S2
spider has longer life. Fig. 4 and Fig 5 are the dia-
grams of 14x5.5 and 14 X 6 wheel respectively. Each
of them shows scatter band of several production lots.

200
% |
\ 7 Aluminum- wheel
(04
180E DO
MR 5. ———Steel wheel

. \ \<QF
= )
% 160 NN
X \L))
= ‘0
€ . m’%
“E’ 14O_Type 2 \\\ 7
g z -\,3;) \\\'\Eg/.) . L)

120 2 -3, YRE DL
g AN
2 ) )
S 100 7 @6'))63"7;(0;5‘ )

“ NG DI
%, 07.\\
80 [l oo vy 1 I i 1 1 ! kH O Y
3 X 10* 10° ‘ 10° 107

Number of cycles to failure

Fig. 3 M-N diagram for 13x4.5 wheel in the
dynamic cornering fatigue test.

Number of cycles to failure

Fig. 4 M-N diagram for 14x5.5 wheel in the
dynamic cornering fatigue test.

260
R
8220
b=
f<b) s
£ 180
£
g =
£ e
&
s}
100 Ly aal | bl L1 I L1
3 %104 10° 108 5 %108
Number of cycles to failure
Fig. 5 M-N diagram for 14X 6 wheel in the
dynamic cornering fatigue test.
1400 l
0O 13X4.5
O 14X5.5
A [
1200 A 14X 6
£
%5 1000
S
s]
S.
800
600 | I S S | I | Ll
L4 %108 10° 107

Number of cycles to failure

Fig. 6 P-N diagram in the dynamic radial
fatigue test.
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3.2 Dynamic Radial Fatigue Test

Purpose of this test is primarily to examine the
strength of rim. Fig. 6 is P-N diagram tested using
the apparatus with rotating drum of 1708 mm (67.23
in.) diameter under tire pressure of 4.6 kg/cm®(65 psi)
and rotating rate corresponding to driving speed of
60 km/hr (37.3 mile/hr).

10
Thickness{mm)
Spider ~Rim
g8 Stee! wheel 3.8,3.2
5o Aluminum wheel 6.7./5.0
X
g Steel wheel
26
IS N
T e ©°© ¢
=R T e
3 4 A
; Aluminum wheel
o
£
5z 2

0 1 3 5 7 9
Drop height (in.)

Fig. 7 Residual fastened torque of nut versus
drop height of weight for 14X5.5 wheel
in the impact test.

70
o Aluminum wheel
® Steel wheel
60
3
50—
€
E
40—
2
@
IS
o))
® 30
=3
s
0

o
o
\

10 ZI
/
e
0 1 3 5 7 9
Drop height (in.)

Fig. 8 Displacement of drop point versus drop
height of weight for 14 x 5.5 wheel in
the impact test.

3.3 Impact Test

Impact test is carried out using the apparatus with
main weight of 910 kg (20001b) and auxiliary one of
100 kg (2201b) under tire pressure of 2.6 kg/cm?® (37
psi), nut fastened torque of 10 kg-m (72 Ib-ft), wheel-
tire assembly angle of 30 degrees and drop height of
221 mm (9 in.).

Every wheel didn't exibit any air leakage and any
crack.

Fig. 7 shows the relation between minimum residual
nut fastened torque and drop height of 14X5.5 wheel.
It is obvious that impact strength of nut boss in alumi-
num wheel is lower than that in steel one.

Though displacement of drop point. in alumimum
wheel is almost the same as that in steel one, as shown
in Fig. 8 deformation of rim is larger in aluminum
wheel than in steel one and deformation of spider is
converse.

34 Push Out Test

Purpose of this test is to examine the weld strength
of spider and rim. Table 3 shows the push out loads
of spider form rim. Weld strength of fillet welded
aluminum wheel is 15-25 percent higher than that
of spot welded steel one.

Table 3 Push Out Loads of Spider from Rim

Push out load

Size Type (kg)
13%x4.5 S1 52 — 59
13%4.5 S2 58 — 64
14X5.5 — 63 — 72
14X 6 - 71— 80

3.5 Repeated Nut Fastening Test

The relation between average sinking depth of nut
boss and number of fastening cycles is shown in Fig.
9, which is result of the repeated nut fastening test
carried out under upper torque of 15 kg-m (108 1b-ft)
and lower torque of 2 kg-m (14.4 1b-ft). Though anodized
aluminum wheel and painted steel one were used in
the test, each raw material of nut boss was revealed
by the first fastening. Sinking depth of nut boss at
upper torque is larger in aluminum wheel than in

©
T 0.9r&
£ 0.8+ = Upper torgue 15 kg-m |
709l 55— -
9 ce Lower torque 2 kg-m
L 06FEZ= — .
= =z O
€ 0.5 <2
0.4 1
=
a 0.3
3
DCO0.2
< 0.1
<
s 0

1 2 3 4 5 6 7 8 9 10
Number of fastening cycles

Fig. 9 Average sinking depth of nut boss versus
number of cycles for 14x5.5 wheel in the
repeated nut fastening test.
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steel one and doesn’t show remarkable variance till 10
fastening cycles. Range of sinking depth induced by
increase of fastening torque from 2 to 15 kg-m tends
to decrease in aluminum wheel, but to increase in
steel one with fastening cycle.

4. Summary

An outline of the sheet fabricated aluminum wheels
having seamless rim has been given. Though seamless
rim is inferior to seamed one in respect of productivity
and yield, it is superior in respect of formability to
the configuration and reliability against air leakage.

Therefore, high performance of wheel having seam-

less rim is easily gained. Comparatively high yield
rate is also gained, as both rim and spider are made
from one sheet circle.

But sheet fabricated spider is restricted in the sty-
ling feature. It is one of the future subjects to improve
the style of stamped spider without deterioration of
strength and productivity.

In Japan, any sheet fabricated aluminum wheel has
not yet been employed by the Car Maker as original
equipment. But the above-mentioned 14 X 6 wheel,
which we had produced in co-operation with Y Co.,
one of wheel manufacturers, appeared in the After
Market as the first sheet fabricated aluminum wheel
having seamless rim.
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3 DlEREEOME GEED

B2 ©4 7 FHOMUIKTF 2 b (1.25D)
£1 it W #M I &
| VNI 44 P A K mm
I Iy mm mm 5 oF Wl W B
wow || e x | 0C x o) x o x o)
A08 | 50.8 0.8 | 50.36 | 0.12 | 0.79 | 0.001 | 0.67 | 0.01 | 0.66 | 0.02
BS A0 | 50.8 1.0 | 50.25 | ©0.05 | 1.03 | 0.02 | 0.8 | 0.02 | 076 | 0.02
|50 Al12 | 50.8 1.2 | 50281 0.05 | 1.20 | 0.03 | 1.00 | 0.02 | 0.98 | 0.02
N Ni10 | 50.8 1.0 | 50.24 | 0.06 | 1.05 | 0.03 | 0.89 | 0.02 | 0.79 | 0.03
¢ N12 | 50.8 1.2 | 50.20 | 0.08 | 1.27 | 0.03 1.04 | 0.03 | 0.98 | 0.02
.8 BS | A105 | 38.1 1.0 | 38.05| 0.03 | 0.99 | 0.02 | 0.8 | 0.02 | 0.79 | 0.02
CN | N105 | 38.1 1.0 | 37.77 | 0.06 | 0.98 | 0.01 | 0.87 | 0.02 | 0.8 | 0.01
S SA10 | 50.8 1.0 | 50.72 | 0.04 | 1.03 | 0.02
0 ’ SA1Z | 50.8 1.2 | 50.79 | 0.02 | 1.23 | 0.0l
CN | SNI0 | 50.8 1.0 | 50.75 | 0.04 | 1.02 | 0.02
*BS : 7ov T = AFEEATIS H3300 C6871T-0 (8.4 g/cm?). Y ¢
CN: 10%% = 7u = v # v JIS H3300 C7060 T-0 (%¥8.9 g/cm®). o:
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