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Effect of Surface Characteristics and Welding Method on
Weldability of Can Materials

Akio MivacHI, Kenji YASUNAKA, Tsukasa FUJIMURA and Nobuyoshi SHIMIZU

Synopsis :

An evaluation of weldability has been made on new materials used for welded cans.

And the relation between the electric contact resistance(Rc) and, the surface characteristics of these ma-
terials has been studied.

Furthermore the possibility of welding of tin free steel by improving the surface characteristics and
the welding method has been also discussed.

The results obtained were summarized as follows :

(1) A lightly tin coated steel with the nickel preplated layer, when the nodular metallic tin layer was
formed, had a low Rc and a good weldability.

(2) A tin free steel, when the granular metallic chromium layer was deposited, showed the lower Re¢
and the better weldability than the tin free steel which has flat metallic chromium layer.

(3) The improved welding method, which applies pre—pressing on the blank edge before seam welding
or uses tin coated copper wire for intermediate electrodes, also showed lower R¢ and raised weldability.
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Table 1. Specification of test samples.
Average Sn i {?cetal— f:l{:;
(mg/m?®) (Ni chro- | oxide
Sample X1 %2 (m% mium | as Cr
m
Total Free | Free (:§§ (2%
A | Tinplate 2800 | 2400 | 1810 0 0 6
Ni preplated
B-1 LTS 800 380 60 15 6 6
Ni preplated
LTS
B-2 (Nodulated 600 310 60 15 6 6
tin)
Ni preplated
B3| LTS 800] 400| 140 | 15 6 | 6
(Nodulated
tin)
Ni coated
C steel 0 0 0 | 600 0 6
D-1| TFS-CT 0 0 0 0 100 15
TFS-CT
D-2| (Granulated 0 0 0 0 100 15
chromium)

%1 As received
%2 After baking at 210°C for 20 min.

9 %, A&HT 1.5~3 FOEIXEFE LT,
TT&Grmomfm,%ﬁ%ﬁﬂﬁbt@%,an
AR ERE LB ORI DBBEIET T, B =
ABUME LB 0T, &8 7 v 2 BilRIRE Y
BT HHHZAR (granulate deposition) & L =% D-
2 L, VERFTHEREC LR D-1 L 2ERL 7.
ZZTC D20&E s v ABOKRZ v aFBE IR
v AOBE I EHWRE % A, Cr-Ke o HIER
ECHELcE 25, RUIRBIIBRIEOK 4~8 fFofHE
Lot HOEERICIITRT, 7 v T-4CA,
RE 0.21mm, FHEX 0.2pm i EFi- 714 3%
A NERESEM R A L. 7k, AERCKSWTUL, §
~NTOEERFIL 210°C ¢ 0 min DZREEXE KD
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Ni preplated LTS (B-2)

(D-1) " TFS-CT (D-2)

Ni preplated LTS (B-3)

Photo. 1. SEM and TEM
images of surface layers.
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Fig. 1. Measuring device of contact

resistance (Rc).




B RETHHOREE L HEROKE 1151

Cu electrode

4

Sample

=N

&)

Thermo
couple

Conduction
heating

Fig. 2. Measuring device of contact resistance
at high temperature (R¢).
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(BEfE 2mm) e, JIS 6 S5RABRICITHH 2
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MRRE Y b5 387, A ETERS » 7HCER
I0A 2BELCEBRHEELXZRE LT Rt ZRD% &
L, BTy 7ORGRERHE L. ks, b
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ALT, BT v 7OEROBE L RHEOBE & O
BIfRE RD TR &, HBRE, EERF . 7ORED S
DIRE X HEE L.

3) AMMEROEMESEN (LT, Rp LEET) o
BizE

Fig. 3-(a), (b) WRITHBEMAEEBDO AT v LA
TAY %V A Y-z, LTy 1 v —HE
W 10A ZWL, MENE Rp LOBEFEERD .

2-2-2 BEMOAE

BREN Y — 2 BBEETR, TORBESMEYED
DHERERRE R 900°C LiEEIh, ILREETO

(a) (b)

Alr Force
S |[s00kg-f

/Scmple

Pressed area (4mm*)

? ESCII'I\Dle
\

Stainless wire

(c)
';g;Somple
@Tension

Fig. 3. Measuring method of forging property.

Stainless
wire

Table 2. Welding conditions.

Item Electrode

Freq. | Speed | Overlap force Wire
No. (Hz) | (m/min) (mm) (kg f)
A w00 | 325 0.4 50 Cu or Tin
B 60 15 0.8 45 Cu

MRORESMOBS LML 5 &, BELL IO TRE,
Wb B AT Ty v a NRETHOT, BEORENE
PRS2 900~1500°C DEFA T TV 59, $E
DT, TOBEEIL, BAEL LU RBEEEABCETS
LEZBR, HHBOBERYHRE L.

BEHOREL Fig. 3-(2) WRTEBEXAVTEE
foofe. 18 2mm WEELE W IC EACKEIR - E
T2ARDODATvVIVAYA Y-, JIS 6 S5ERERK
BRI 2RO A—H 2 ERGhb® UR3 &R, #
BAHYHEE IR, EBENBCI ) HRoREY
Bt

HEREA~ZEE, &%, BHEPOMBCERAL W
% LHETE Shn P mET) 90 kg/mm? % pHhc iz C
R B ook, Fig. 3-(c) KWRTHE THIRR
BafTv, BETREYREL .

2:2:3 BEER

LR Table 2 iRt 28EO AV A v —v
— A EREFER L.

R A X E OB E A L,
Table 2 WRTHEESRLE O b & THRERRY 2o
foe Fl, BEFSVAD2RHAIC e Fraf i
BALCHREERLHE L.

BBk X BETREEIREE  (Available
Range, LIF, ACR LBE) o R/NCHE L. T
b, BEBYARTHELT, HERKbILOT RN
0.5mm Y EDATZ, Vo BEDBRK W BRRER
Umaz) &£B51XB &5 A} (Tearing test) L kD> Tv—
AMEHER P E T WRADER Unin) EDZ%E (Tneo

Current
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Recovery unit
of current wave

-

Electrode

Welding
trans.

Sample
Electrode
Hi-speed ||
Micro . lap
computers  ieonversion

A/D conversion time : 1ps

Channel : 38

: 50kbyte/channel

Fig. 4. Measuring system of welding
resistance (R).

Memory storage

1001
DCU electrode

/] Tin coated
10+ GCu electrode

Rc (ma)
ot

0.1}

0.01 J:%ﬁ
f1at jodularjnodutar| Ni

Tin |(B-1)] (8-2) | (8-3) | coq-

plate [ Ni preplated | ted
LTS steel

Fig. 5. Relationship between surface characteris-
tics and contact resistance (Rc).
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SEHEEHL .

3. R R &R

3.1 EMESIER

3-1.1 HREOEMERIEN (Ro)

Fig. 5 WEE AR OERD D & H i L icSElo Bk
v —AEHWT, RO Re #HE LR ER L.
GEBe — A BEALLEE, S E, =, FURERD

¥ Lic LTS o Re iZHBHENELRTHS, =v 7
ndO XK, TFS-CT O Reix@m MERR L. Lo
L, TFS-CT <%, ZOHER 7 » 203 FRO %R
EETHEAE N Re 2R L. Z2hi, Re JIEER
C&RB 7 v A BREH OB 2 v 2 KRB % In
FRYXopEL, SHOBEEMEAPLE LD EE L
bihb.

=y F VEEDDE LIz LTS o Re X, £§20F
—THOThH, BHMBRELDHK B-1 & B3 LiiE
ot EER L. —7, &HESRIOTH, X
BRELL-4EBEENR—oME B-1 & B-2 L1 Re
DEXL, BER—OfEEZRL .

i, 5% BRSO X ok R B-2 2 B-3 T,
Table 1 WiRT X5k, EREXEERS H©EKRL
@, Re pME T L7A=Z &% ;R LT W5,

DX, LEHEDOLE VHEIIEY Re RO
3, BOCHENBEBOMENTEHL, FmMDOZ v 2 — b
B, B XOGREYRE EQBRE IR EE 2
bhs. v

—7, BRir — NGO OZER T LI X &AM
D Re 3 kEETL, e, R NEGHEHE CBEE
Thotc. TORRE, MEORELT ChIMEE#
T 2 BREROWHEC L OTH, ReIFEINDC
ERRL T 5.

3-1.2  FhRbmBFREo BMESIER (R)

WroEEE Rt LOBRERAEL o %% Fig. 6
TR,

100

50 TFS-CT (D-1)

10}

Rt (ma)

TFS-CT (D-2)

0.5FNi
preplat
LTS (B- .l;B -2)

0.1

0 100 200 300 400 500 600
Temp, (°C)

Fig. 6. Relationship between temperature and
contact resistance (Rf).
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S EERBROCIMOMBHIERE © kB, o
Rt - ThiREJETT % HAEXR LI —F, &
h EOHERBRED ER o dk LA Rt
Tl b A EME R L.

ThboiERE, MoBKERORERFME LMD
BEMAEOREEOTHINEE LD LEL DR
5.

3:-1.3 @minErEAROBEMESEN (Rp)

FTRTOMED Rp 2 IEN OB BT S
9 MH 5, X5, TFS-CT(D-1) %\ T IE
Tix#ms etk BE, BPIeiciEo Ry 0Z{by
Fig. 7 iR L. MEHOHIM I E>TET LA Rp
3, MENEREL S2TL R, BREMEBO Rp
DEFTHOL. TOZ ki, MECX Y BESERD
FEFBEAIET YA BIE IR L 2RE L T 5.
3.2 |

£ O MBVRE & BB REKORE & © B Ry

0.6
Sample :
0.5F TFS-CT (D-1)
< 0.4f
1S
e Increase of
o applied
= 0.3r pressure
Decrease
0.2 __Of applied
*“I pressure
0.1f
0

030 60 80 100 120
Applied pressure (kg/mm?2)

Fig. 7. Change in contact resistance with
increased and decreased applied pressure.
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—

g’i‘, Breakdown at base steel

100

Q

:é’ Ni preplated

s M oooted_ LTS ((B -1) (B-2)

5 50F steel

S TFS CT

= / (p- 1,D 2)

w

i il

§ 0 N T1nplate
500 600 700 800 0 1000

Temp. (°C)

Fig. 8. Relationship between forging tempera-
ture and peel strength.
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L&y FRHENMEEXR L. ¥, Fig. 8 ofo
BN & I BEEAROE T RN THRER X b
NIBFT O R B U7 REER - 5 .

ORBRNS, MWHAEIABREES IhIRIEORE
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PR RE S Ih 3 BEORE XM Lo TH
700~1000°C DER DD Z EEHRBL T 5.

3-3 BEIARER

Fig. 9 CEEBRERBRE  s\WC, v A Y%
Wi bR ACR LD Re oBfRERL .

Fig. 9 kv, #Bo Rc L ACR L3k X%+DHES
MNRDLNDED, =y rLDOEHFHKD ACR 1% Re p»
LFHIhi-rh B EERR L. ¥, TFS-CT
(D-1) oBEMRIRDS Y, HEO RepxbFRIZH
ACR r3i8—% L.

—75, BIROEIMEREBEO Rp JIERRILMEDTE
e Lo T B O RERIENFETHCHEEIR S Z &
Rt ¢, TFS-CT(D-1) 2\, B#E 75
V7 OREFERY, ET—xoEETIMBEIMER —
MBI EHRCEEE ¥ ¢, B 0.6-0.8mm, FHE
100 kgf CHEMENIE L o © BEABRER % Fig.
10 iRl

Re b @\ FiMEMAED I TFS-CT (v 7
AD) 1, BEHFEIRELIRL, 2WTLEEER —
FEMEAR L TFS-CT (v 7/ 1®), THEER
— B FEIEAR L TFC-CT (v 71®), T

600
/Tinblate

400y Ni preplated LTS
(B-3)

~(B-1)
2007 (B-Z)/q

Ni coated—

S~ Steel 1
o 0 -
ot TFS-CT 1
ot .
(D-2)
-200+ \\\\\*{
-400} TFS-CT—0. }
, , 0-1
0,01 0.1 1 10 100
Rc (mo)

Welding speed : 32.5 m/min
Fig. 9. Relationship between R¢ and ACR.
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Pre- .
Pressed Wire
P |Inside
No Cu 1K
, [Out-
side
Inside| Cu
Tint d
. . lcoate
Inside Cu +——— Photo. 2. Longitudinal section of
Wire 0.5M0° yelded part of TFS-CT (D-1).
- Tinplate TFS-CT (D-1)
ool = L L -1)]
[
3T
S
S
T 2 |
= £ =
o -
(&)
-on0l- Half cycle
< -200 (83 ms)

-400}- { {

Sample® | Sample@ | Sample® | Sample®
Pre- 7
press-
ed
Part | None |outside| Inside | Inside

Tin

Wire Cu coated
: Cu

Fig. 10. Relationship between pre-pressing
and ACR of TFS-CT (D-1).

B = — AR FRIMELE L TFS-CT Lgwnox
W7 AY— L (v 7 1@) DIFECEEMEILE L
L.

Photo. 2 &iX, ZOBICIE bR = TG EHE A
ARLTc. FRMEAED v TFS-CT(D-1) 41, 4
v PR OREIC X TET S 7 r—sh— 5D D
h, ZoOMEFOBRESSOR S Le ERE LT Wie Ll
EIND LA, F5 .y b EF 5, b OFEIISRE
RO D 5T, BEFAOREEN A X
W EERTREL T,

34 BAEPOBESIIENRITERE

Fig. 11 &2, 175y AR kv 1 270) o 1/
40 =L oBMARRN © BT %, BEESIERLORE
MRER L. BEMESEN OB TFS-CT i, &
DEDZTHEHELT, ¥v 1 27 VAR 2BEBES
BHOBIEBKRTH D, 2D, FOEHLATEHD
oo Tk, BEMESEMOB\ TFS-CT i, R
DEEHRFEEIKRE e, BEHFCESERNAZ

Fig. 11. Resistance calculated from welding
current and voltage on each 1/40 of half
cycle.

FhL, SHEDFRERELOBLKERBIL AR L
LDTH2T, M L oTC, 1 27 LHOBKES,
BILOBIL A% — VIECH DD Z LD I D
7o, '

4. = =

WO REHREIL Re CEBEIEEY 52 5. —fF
W, 2HOWEERTHINE L Ao FiE o sk agz,
LSHE—RE T < RER O MM 2 M FE MU O R EE
E ORI ESEOBMIcEMTEE TS & &b, B
DEBITEETRE A A T CEMEERLARTLEELS
ha.

BRI ORE, OLBBLYKIE, 7 = 2kFBE
MRERR EPEEI R CERSBR LA E B E A L
Wy s, OQLBRILWKE, 7 v s KAE LY EIESY
LTEMLITEr DT bR 5.

SRBBILYEIEE, 7= s KFBEYRED &K IE bt
12, £BENTEBCE VD, BHREOLEIZODH
SEW|IA. COEMAmMCE L SERIBIUL, £PIE
PERC I VB, SBEMTORERE & Sk SE
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LELBHDT, HOAN, NEORBMEL SV AIE
%It i NEE O MBI D Re /&L THLERD
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—7F, BERFOBKEIUL, MR X o THENRD
b, TFS-CT RE#EPes\WTh TOBRERILE
pote. TOBEMBRELT, BEPCECTEL, 2HOH
Boo RABESEN/ S VCE THE SR, £y 2kt
NTHBERMO WA 5 Hik GBERS) rdhvcen
EZzbhb.
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B E 2 HEBCOVWTY « —VAIRESEERLY B
Teo7.

Ky — 2B, BEBMPIAESBES L, Fv
AT NVTER Y — A BAT T o Y2 BRBETH.

Splash weld zone
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melting point
// of steel sheet

=

.,C_," /. ’ ~.

.:I: \ / \\\ 4 N e’
g 1 N — 47 |(ACR)
[

Z T min.
. forging
( Stuck weld zone temperature
|
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ted LTS [Tinplate
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Fig. 12. Relationship among minimum forging
temperature, 47 and ACR.
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