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Relation between Equivalent Contact Resistance and Resistance Seam Weldability for Beverage Cans

Nobuyoshi Sunuzu, Takahivo Hayasuna, Nobuyuki Nisunoro, Jun Fukarand Osamu MiyATAKE

Synopsis

: Welded cans for beverages amount to over 1 million cans/vyear and take an important role in the field of steel package

industry. Under the intense competition among other materials, can cost reduction and high productivity, which usually
lead to the worse weldability, must be overcome steadily.

Until recently, several authors reported that the static electric contant resistance between welded materials strongly
influenced weldability. However, the static contact resistance could not be the index of the dynamic high speed

welding. The weldability using high speed seam welder was hardly experimented and discussed quantitatively because
the dynamic electric resistance could not be divided into the contact resistance and the bulk resistance.
In this report, the effects of the main parameters on weldability, namely tin coating weight, steel thickness and

welding speed, were investigated in connection with the equivalent contact resistance by subtracting the calculated

bulk resistance from the measured total resistance during high speed welding.
It made clear that the contact length between material and electrode correlates with the available welding current
range. The weldability deteriorated with the decrease of tin coating weight and the decrease of steel thickness because

of the increased contact resistance and with the increase of welding speed because of the increased discontinuity of

HAZ pattern.
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Table 1. Specifications of specimens.

Tin coating weight (g/m’) 1.0 03, 1.0, 13, 28 1.0
Thickness 0.15 0.18 0.22
Hardness (HR-30T) 73 66 60

Table 2. Welding condition of FBB5600 welder

Electrode diameter Upper 85
(mm) Lower 49
Weding speed (m/min) 35, 70
Welding force (N) 450
Overlap (mm) 0.40

Upper
electrode

Lower
electrode

Fig. 1. Model of voltage measurement.
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Fig. 2. Cross-sectional illustration of welded part.

THEMMECIRE L 72, WE L ERMES & CEREOLAE
DFENDG, HEDOAL X2 7 R PRIE L TIEDUE 2k
B 12 ARPL DR E M RIL B I EE D~ v 2 3R, & ERREHE
PR 2 67 %, 8 612, ReEAEE EARM O MIEHIR,,
FHEL B EHE O R o 35 & DR O B IR, 22 6 12
o LIZH o T, £FMIKIIR (=R, +Ru) XK TH 2
Lils,

Re=R;y—Ry=R—R,— Ry --eeeereerrrerreessmiunereniins (1)

SIE, RBFUIINEBBRL TS 2T R Mok
ELTZ,

HAZ» RHARGCRAET 2 2 L 6, BB L B
FEE—EF 52 LTRSS N, @BERCIGE TR 5 b
Hr s, BAHENOBREAI WK C LT 5 2 LS
TR 55, EEBERIISC THEYRBT 2270 %
FELBORNMETH DT, MRIORRmEM P —F £ L,
MR 2 BT ER L, EEC L > TRESGPEL 2
EIRGE L T, Fig. 2 (a) R & 5 LA PTG 2, &l
PR P I, Fig. 2 ORT L S5 Cfmgib L, T4 b
b, IERMOMMBEY O ERES G 2 HE L, RPOER
TH RIS 2 S MAE QR B 2 8 LT, FMHEPR
o1 & AR BRHEHT (5 A 5 1 O3 ok % SR A2 5 TR &
e U7c b & OIRDL) B o BE U 720 i1 O ML 2 F s 5]
ERECHIET 2 b DTH 525, IEHBEBE DI LS
CERALL GO LRE LT, PR LIEM T8 L1, #
LR EATTHAZE (H), SR (L 1) 3 & 0 S il i
AL 2 ) ISR PTG 2 2083 2 b, B0 BEiEE
DALY CIRET 2 2 2T S, 20EECWET 2
BUURD AL, pus pr1s p B KD G B, 20060
TLOMED & BRI 2 351 U, 505 0 5 5P % B AHE
DLBCOT b, 350 L O HE Aotk it %SS4 0 0 B et & L T
AL 72 L & OB MR S El L e, I AT




3o T, HAZSEAET 2 S E A, 2 0L 2B E T 0UL,
ZAIRDR, B & URgBRKRTH L 605,

Ra=(p2 (1 —¢) +pugp)t/(Se)
Re= (pra(1 =) T o) t/{S(1 —g)} sormememeeess (3)

2L tRBIRETH b, BERIEROREDFEME L L 72,
IR HAZD AR EMAHAL = L IZHAZD W » 2814, i3tk
Bkt L THAZD S D B EIATH 5, & 72, SIEEMR L AE
OEMERETH v, B/ MEHOEME S LA ——7
o FERADWET Y 2 12, BV HESAS & UBEEFZHN
B LOCET RIS, BEMHEPTIZ

Rb:RA'RB/(RA‘+‘Rg) .................................... (4)

THZLiLA,
25 ERRSORAIE

R OMEEE LR CFR T OMBIEER ¥
Wb, BEEMATEEYHR L TN L IERRORE 2K
12, Fig. 2 (a) TPk ERRE O IR 3 L3 2L

ToRizk b EMLI
Qe=r+@=r-cosH{(2r—4t)/2r}

I, QIMEL S ERROEMBILL S L BRE TOL T AR,
AL EBER SR OWEE, rid b FEROFEFEEZERT,

BORH DS > — 2 A & Sl A R T O IR

3. RBRERLER

3-1 BESOIERENHTE

S D BFMHEDL 2 3K ® 5 1018, SRR SRR DHEE
DB TH L, £IT, HANN—FITL Y FiED G HRD
Bl 2 TH#I100°C T b onsh, 28 Lo v 7 v O % T
HFE L, HETOMBOTEBELHE L, FRET
DB E D —Fl % Fig. 31287, 2 DEBRIZIZ, 4 0IEH
RG2S O L E-OFE GRUF D 0.18mm, #HREE
0.04%) #fERA L 72,
FIRECMBL 2 I DOFERREE A X —2 b
X DRk 795, 600°C~1200°COEIPH 2 30 TIRRITR &
b & R DK DEALD F VN L DT, kD7 AR
7 N R AER Lo, EESHE R 2 Fig. 4 (2R T,1200°CULET

12

o -
o ©o

T
[ J

Aspect ratio
=}
3
T F T
o
[
[

0 500 1000 1500
Temperature (°C)

Fig. 4. Relation between temperature and aspect
ratio of grains.
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Fig. 3. Longitudinal cross-section of heated steel at various temperatures.
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Table 3. Presumed maximum temperature during

welding.
Aspect ratio | Temperature (°C) |Resistivity (4 Q mm)
H - >1200 1250
L1 0.75 720 900
L2 0.83 780 1000

Table 4. Calculated contact length obtained from
cross-section of welded part.

Welding Steel Tin Welding | Thickness | Contact
No.| Parameters current | thickness | coating speed change length ACR
(kA) (mm) | weight | (m/min) | At(mm) |Le(mm) | (A)
(g/m’)

a | Highest current 4.69 0.18 28 70 0.104 1.870

b | Lowest current 435 0.18 28 70 0.098 1.811
¢ | Thicker steel 5.06 0.22 1.0 70 0.122 2,020 546
d | Thinner steel 421 0.15 1.0 70 0.058 1.392 638
¢ | Heavier coating 4.69 018 28 70 0.104 1.870 393
f | Lighter coating 3.08 018 03 70 0.071 1.542 -352
g8 | Higher speed 397 0.18 1.0 70 0.080 1.637 88
h | Lower speed 375 018 1.0 35 0.107 1.889 498
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Fig. 5. Effect of contact length on WCR.
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resistance.




KEx AT LT 5, fERIZEIN L ERIEPIR, DFV I H°
VIR T T 2 L Eb T U, RE LEHEEOBIE
i, TOLIURDIETRHMTE L, L L, RexH
il EEMOET LIEPEOMMEEE-T Y 5 2 D
T3 2, HHAEIZ L Y RO DIEINT 3 DX, Table 4 {28
FEOUEMESPIRD LI EF L LN D,

IR T, EHULCRECIERESR T T 5 2 LR
WTRERI N TV, ZOHEEE, Mk ERkH O il
E 3O & 3 MK RO EHOERE PRI 2
VARG E o 2. 12150, 2 ORIHEL R D
S Oz, FE MBI O S 2, BEFRKOE
L bR LS THE LEHEL LN L, AR
69130.5~2. 3mmDHUE DGR EFM D > — 2 FEHME 2 1
~95m/ 7 DVEHRIE THA L, AHXI 7 TR B REI T
S4B b, EHALT 212 E SO Y — LIBEHEDVARET H
BT 2, 208BE LT, WEOHCHVERD
MBS~ DIRDT b 23 7w 2 b RMUEH 1 O BE BJBE % 1
hRF LDl LTw s, RIFZEMHEED NG OHEm & R
ST 3D, AR K REFH50.15~0. 18mmDRIED
ERCEERTH Y, o, 35~70m/FDEHERETDH Y,
WA S ORI L CACALRERPREL > T AI2D L
FrLhb,
3:3:2 Sn® o 3 ROME

Sn® - 3 80.3g/m?% & 102.8g/m*D &+ v 7V OWCR
O FROFFWRGE»Fig.8 (@)% S M) RT (@ T
i3, HAZD Wik CHUE HINCTE , EHEARS LU AT
SyrakAEURTuiey, HEHREVERTT 2, —4, (b
DHAZL, (a) & H#ET 2 LSRR THIZ RN C, 5%
PEDS BT H 5, Fig. 9 12SnE 2 Z{L 3 ¢ I2ROR, & Hk
HOBME % RT, Snd - T BOID -, Rod®ms 2
PR LA ERIE TR 5,7277L,1.0g/m?Ll EDSn® -
S BREC I G T, SnRORA L 2 WCROBAM TN
MO THbDIL L, SnEy DL CHEIF T IR SnE i 2
PRI 230 R T %, SN D & - THE®RNE
PRERECETT 2 BEAE, 7Y —HROED L bR
I DI A AN T 5 S HH 9 D, S DRI £ 9
EEEGRAIET S 5 25T, oMK, HMmEIP3L

0.40mm

Fig. 8. Longitudinal cross-section of HAZ at differ-
ent tin coating weights.
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Fig. 9. Effect of tin coating weight on WCR and
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Fig. 10. Longitudinal cross-section of HAZ at dif-
ferent welding speeds.
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Fig. 12. Effect of contact resistance on WCR.
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Fig. 13. Effect of total resistance on WCR.
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