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I ' ract ieat  Welding Data Table

CON'TENTS

lspot Weldlngl

P.2&3 -  Mi ld Steel  Sheets

p.4&5 -  Carbon Steel(0.  l5 -  0 '6% C)

p.6&7 -  Austenl t i .c  Stalnless Steel

P.6&7 -  Zinc Coated Sheets

P.B -  Alunr inunr Al loys (on slngle-phase)

P. I  -  Alurninum Al loys (  contnterclal  use )

IProi  ect ion ! ' le lc l in[  ]

p.9 -  Low-car,bon Steel(on slngle-pl tase)

Pu 10 -  Punctr  & Die Dimenslons

P-11&12 -  Pract lcal  Note For Welding

p.1 3&1 4 -  Austeni t ic  Stalnless SteeI

,P.15 -  Ring Project lon Welding

P.16 -  4-spot ProJect lon Nut Welding

P.16 -  3-spot I ' roJeet lon Nut Welding

P.1 7&1 I  -  Mi ld Steel  Cross-wire

ISeanr WeldingJ
P.19&20 -  Mi ld Steel  Sheets (pulsat iug l teat)

P.21&22 -  Ml ld Steel  Sheets (cont lnuous heat)

P.23 -  Mt ld.  Steel ,  Di f  ferent Thic l tness Pair

p.Z4 Low-carbon Stee1, l lernret lcal ly Weldl f lg (cont inuous heat)

p.ZS&26 -  Austeni t lc  Sbalnless Steel  (on s lng;1e-phase)

P.27 -  Zinc Coated Sheets

P .27 -  Alunr lnutn A11oy, l lermet lcal ly Weldlng

,p.ZB Spot l le ld lng

Electrode Mater ia l  Selec[ Ion Table
P.29&30
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ISpoL WeldingJ

Mild Steel  SheeLs

Fig.a.

For tnaier ia l  th lc l tness of  3.2rnm or Iess.

r I This mild steel shall be treated with plckllng and ltghtly lubricatirrg
afterl hot rolllngrwhich has a tensrre strength-of 30 --32k;n/nrn . 

--'
'llaterlal shatl be free from scalergrease,oildes and dust.*2 Electrode material shall be used of clss 2
(conductlvlty:7St hardness:7S rocls^'ell "8").The tip shape of the
eLectrode ls shor,vn in fig.a. rhe tolerance for the-dimention "d"
shall be t4nm.

*3 l{inimum weld spacrng ls a rimltatlon of which shunted current,
effect, of adJacent welds ls negrlgible in practice. rn other words,
for a shorter weld spaclng' EIn adeguate wel-d current has to be increased
as a cornpensatlnal to the current effect.
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mm mm nm + ksf A mm kgf
0.25 3.2 l0 o 0 4 90 4 ,000 3.3 t05
0.4 3.2 IU o 0 i l5 5,200 4.0 tB0
0.5 3.5 l0 I I 6 135 6,000 4.3 240
0.6 4.0 l0 IU I 7 t50 6,600 +.7 300
0.8 4.5 l0 t2 I I 190 7,800 t r? 440
1.0 5.0 l3 IB 2 l0 225 B. BOO 5.8 6t0
1.2 5.5 l3 20 + t2 270 9.800 6.2 780
t .4 6.0 t3 23 l5 t4 305 | 0.600 6.5 930
1.6 6.3 IJ 27 l6 l6 360 I 1.500 6.9 I .060
l .B 6.7 t6 3l l7 IB 410 I 2.500 7.+ |  .300
2.0 7.0 t6 35 IB 20 470 1 3,300 7.9 I  .450
?.4 7.8 l6 40 20 24 580 I 5,000 8.6 1 ,850
2.8 8.5 16 45 2l 28 700 I 6,200 9.4 2, 380
3.2 9.0 l6 75 50 22 30 820 1 7,500t0.2 3, 130
3.6 r0.3 22 100 57 29 +1 930 I 8.200 l t .2 3. BBO
4.0 i l .1 22 100 67 32 50 1,030| 8,900 |  1.9 4 ,450
+.3 i l .1 22 100 76 3B 6l l .  t20 1 9,600 12.9 5,250
+.7 l l .9 22 r00 o? 4l 73 I ,26020,200 t3.7 6.000
si t I 12.7 22 t50 89 45 B4 I ,320 20,900l+,7 6.690
5:5 |  3.5 22 150 qX 4B 95 | ,460 2l ,800 rs.5 7,300
5,9 |  3.5 22 r50 t0B 54 t06 |  ,560 22,30016.5 7,980
6.4 r5. l 25 150 i l4 57 i l6 l .7rc 23,000 t7.3 8,570
6.6 l5. l 25 250 t2l 60 127 I ,950 23.600 tB. c 9,200
7.0 t5.  I 25 250 t33 67 140 | ,960 24,400 t9.  I 9,850
7.9 15.9 25 254 r46 73 t62 2.20025.70020.2 I  0,900

t-t -Jt - t
Fig.b. '- --

For rnater la l  t l r ic l rness of
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Class B(medlum condi t lon) Cla s C(o :dinary condi ion )
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3'6i l
ksf A lI|'n kgt 3+, kgl A mm kgf

5 60 3,700 3.0 90 l5 30 3,000 2.8 .70

I 75 4 .500 3.6 160 20 40 3,500 3.3 125

l0 90 5,000 4.0 210 24 45 4,000 3.6 175

t2 100 5,500 4.3 280 26 EA 4,300 4.0 225

t5 t25 6,500 4.8 400 30 60 5,000 4.6 355

20 t50 7,2C0 5.4 540 Jb 75 5,600 5.3 530

23 175 7,800 5.8 680 40 85 6, 100 5.5 650

26 210 8,500 6.3 850 46 100 6,600 5.9 780

30 2N 9. 100 6.7 1,000 50 i ls 7,000 6.3 920

33 275 g, 700 7,1 l , lB0 54 t30 7,500 6.7 l ,  100

36 300 |  0.300 7.6 1,370 5B r50 I  ,000 7.1 1,305
'44 370 I I ,300 B.+ |  ,770 65 180 8,600 7.9 1,685

52 430 1 2, 100 9.2 2,300 72 220 9,400 8.9 2, lB0

60 520 1 2,900 9.9 2,940 7a 260 I 0,000 9.4 2,790

72 560 | 3.600 10.7 3,600 t02 280 I 0,600 10.2 3,380

BB 640 l4,  100 i l .+ +,200 125 320 I  1.000 10. 7 3 .900

107 720 I 4 .700 12.2 4.780 152 360 I 1,400 I  l .+ +,t20
I28 800 l5,300 12.9 5.460 t82 400 'l | ,750 l l .9 5.030
147 880 I 5,900 r3.  7 6,pgO 2r0 440 I  2.200 12.7 5,600

t66 970 16.450 |  4.51 6:680 237 4s0 1 2,500 t3.2 5. 120

t86 I ,040 I  7,000 ls .2 7,350 265 520 1 2,900 14.0 6,700

204 l .  t40 7,600 t6.0 7,940 290 570 |  3,200 r4 .5 7.240

222 I .230 8.100 16. B 8.500 3tB 620 |  3,600 t5.0 7. 780
2+s I  .300 B. 700 17.5 9,250 350 660 14.000 15.7 8,370.

28+ |  ,480 9.800 l8.B I 0.400 40s 74a 14,800 I 7.0 9.440
overlap ls the dlmention"L" nFi*4 Minimum overlap ls the dlmention"L" 1n Fig.b.

*5 Ttre weld time ls shown in the power supply freguency cif gOttz.
Tlrerefore, in the case of SlHz,the weld tlme is 5/6 ot the weld time in
60H2.
*6The sharing strengrth is per one spot of weld.
*7 For welding two different thickness rnaterlals, apply the electrode
on the thlnner side. (thlckness ratlo:within 1:3, convex electrode set,
at the thinner material side. )
This table is applicable for 4-sheet overlapped welding with the surmarl'
of the thickness of 4 times of a sheet.

Condi

lELerjal Class A Class B Class C

3.2mmlj T +14% l l7o/o -L20%

3.6mmlj t, + 150,6 t t5% !17%

Table DeviaLlon Rate Of Tent lon-Shear Strength.
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carbon st""r(0.  |  5"-r0 ,6% C) [spob lveldins]

r l .  This Table shourd be appr led [o the equaled t t r rck
double sheets lapped carbon steel(C: 0.  lb _ 0.001),
Tensl le strength:  S0 -  BOkgf/rnmz).

r2.  contact  surface of  mater la ls srroul t l  be f ree f rom
grease ,  rus t  ,  scale and dus |  .

r3.  Electrode nrater la l  shal l  be used of  c lass 2.
' Ihe dlnrer io ls l l  t t4r t  of  lhe electrode is the c l lameter or

l l re contact lng surface.

-4-
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Welding Condit ion

Time (  Cycle )
Elec t  rode

Force f tgf)

Weld Coo I  ln
I

Anne a I
lng

To tal l lass A
Weld'

lass t
We ld

l lass C
Weld

0.23 3.2 3 6 3 l2 100 73 48

0.29 3.2 3 6 3 12 110 BO 52

0.35 3.4 4 7 3 t4 125 90 5B

0.40 3.4 4 7 4 l5 l4s 105 65

0.50 3.8 4 I 4 l6 t90 .|40
90

0.60 4.0 4 l0 4 l8 250 185 120

0.70 4.2 5 l l 5 21 330 240 160

0.80 4.8 5 l3 6 23 390 295 200

0.90 5.2 o l6 6 28 465 350 235

1.00 5.8 6 20 6 32 535 405 275

1.20 6.8 7 30 10 47 685 510 340

t .40 7.6 9 4'l l5 65 820 620 4ts

1.60 8.6 l l 52 21 84 965 730 460

1.80 9.5 l5 56 28 l,160 840 555

2.00 t0.5 l9 87 36 142 | ,250 940 630

2.30 12.0 26 112 48 lB6 | ,460 1 ,100 730

2.90 14,2 39 205 75 319 ],BBO I ,420 950

3.20 15.2 46 244 92 382 2,030 I,580 I,060

4.00 16.0 64 352 145 561 2,300 2,000 1,380
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Weldlng Condlt lon Dianreter Of
Fused Zone M i nirnurrr

Tens i -_qn-shear
St reng thCurrenb (A)

Weld Anrreal  lng
Dm: N "/T

ml||
N rB

kqf
Sbress

ket/nd

0.23 3.2 |  1,900 g, g0o 1.9 3.96 r40 49.5

0.29 3.2 12,200 10,200 2.2 4.03 160 43.0

0.35 3.4 1 2,400 1 0,400 2.4 4.07 190 42.0

0.40 3.4 1 2,600 1 0,500 2.6 4.13 205 38.0

0.50 3.8 I  2,900 1 0,800 3.0 4.23 250 35.5

0.60 4.0 13,200 l l , l00 3.4 4 .36 300 33.0

0.70 4.2 1 3,400 I I ,400 3.8 4 .56 370 32.0

0. B0 4.8 l3,600 I I ,600 4.2 4 .68 450 32.5

0.90 5.2 l3,800 I I ,800 4.7 4 .90 560 33.0

I  .00 5.8 I  3,900 1 2,000 s. l 5.05 690 34 .5

.  1.20 6.8 I  4,300 12,200 5.9 5.33 975 36.0

1.40 7.6 1 4 ,700 I 2,500 6.7 5.68 1,320 38.0

I  t .oo 8.6 15, 100 1 2,800 7.5 5.95 I,675 38.0

l .B0 9.5 1 5,600 13,200 8.3 6.21 2,100 39.0

2.00 t0.5 I  6,300 1 3,900 9.2 6.52 ?,525 38.0

2.34 12.a 1 7,500 1 4,900 10.4 6.94 3,300 39.0

2.90 14.2 20,600 I 7,400 |  2.9 7.56 4 ,875 37.5

3.20 t5.2 22,400 1 8,900 14.1 7.87 5,650 38.0

4.00 16.0 26,300 2l ,000 17.3 8.65 7,750 39.0

r$.

r$.

The starrdard s l rape of  t l te electrode shows the fol lowlrrg

l l lustrat lon. ' the radlus type electrode 1s al lowed.

The tensl le elrengt l r  1n t t r is  Table s l rows typlcal  data

because t l re ' tensl le strengt l t  ls  c losely relabive to the

strengI l t  of  basq ntuter la l .

' I l re nr ln lmuu lnpped wldt l t  and welr l  npacirrg shoulr l

corr fornt  to t l rat  of  t , l te t t t l ld stoel .

* ' l
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^ ,l f ; f i8
lg t .,g i
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*L,2,3,41
.nm I

Elect rode

Elec t  rode

Fo.rce

kgf

I{eat ing
Time

(60l lz.P.sI

t le ld ing Currentg .  Tensi le
S t  rengtt

1001<gf / r r r r
or  less

ensi le
;  t  reng th
( 100ksf7
or more

, l inirnum DMaximurn c
ln|n A A

0.23 6.0 3.0 t00 3 2,000 2,0000.25 6.0 3.0 105 3 2,000 2,0000.30 6.6 3.3 t is 3 2, 100 2,0000.35 7.0 3.5 130 4 2,450 2,1500.40 7.2 3.6 145 4 2,900 2,4500.50 7.8 3.9 t78 4 3,800 3,0000.60 8.4 4.2 215 5 4,700 3,7000.70 B.B 4.4 2s5 5 5,500 4 ,3500.80 9.4 4,7 300 b 6,250 5,0000.90 10.0 5.0 350 6 7,000 5,500
|  .00 t0.4 5.2 400 7 7,700 6. t001.20 r  t .4 5.7 500 B 9,000 7,200t . . {0 12.4 6.2 600 I |  0.250 8,250|  .60 13.4 6.7 700 il 1 1 ,400 9,200
I .80 14.4 7.2 790 t2 1 2,550 10, 1502.00 15.2 7.6 855 l4 1 3, 700 | | ,0002.3A t6.6 8.3 1,040 l6 I  5,350 | 2,3003.20 20.4 10.2 1,510 20 I B.800 15,6004 .00 25.5 12.2 1,830 ot l

I t
OFF , vl"l

20,7Q0 I 7,5001 This Table s

_( Spot Welding )
Austeni t ic  Stainl

;,:5ffi , ji35, ;:3i+:,f i?9l*::. to -
, 31 7, 321, 347, and34g. 

-p"i"i-.ia"n;JJ":

li ff TS,:Hffi A{r*:i$^:s*. -r- #l Tff ?ule,,u"r,
i;ffi I::i:r"HH,,Tiffi f +"iFi'T"'r#?iHtrl''ff i,l'=n.ut.#"T:*3H-1-'3!"+;L ;;;ii' ;";1:':i:l ffi:pe_1n'xlmum ratio 

"r 
tne n.I"ii"rT 

ever 4rt'.

"s Brecrr&L_iliiJriur shat.t ,.,-,,-Jhlly::l oI u pair shoutd be 3:1.*5.Electrode materiat;;"fi ;:.i="J.."*.ss 
of a pair_shoutd be 3:

rnthe pri""tr"i *rdino rnr - . .*t :Lll oA class 2,class-t;1i:rnthe pursailon 
""raing' iJ; ;:;ff ;;r:il?.#iX i;!lil"*j"%ll;,

S

n,,n 2

or 11 should be applied.
Zinc-Coated Sheets

lass *4
Coat 1ng Galvaniz ing * 1

lckness Of plat ins(
lv later ia l  Thic l inessr (  mm)

Weld Current (KA)

Electrode Force (kgf)

Heat ing Time(cic le)

Tens i  on- s he.a r
St rength (  kei /mmz )



.|--Mlninun

.:ontact lnr

lHp
|  { t - l -
IF
l l l
IP
t | | lm

M{n' i

u1arue t e r
Of trrrsed 7.one Minimum'l 'ension-Shear Strenrth

Base l later ia l
Bulk
Fus ed
Zone
Shear

S t  ress;l'f#";
mm

49-63

kg f/mnl

63- I 0s

kg f/mnl

l0s
kg | /mnl

r)l-b
Dn

(- N .frl
mm N

;t7
kqf .zmol

Dn

5.5 5.5 1.5 3.1 EN 65 BO 28.5

5.8 5.8 1.7 3.4 60 72 90 26.5
6.3 6.6 1,9 3.45 75 95 l l0 26.5
6.7 7.0 2.1 3.55 95 l15 l3s 27.5

7,? 8.0 2.3 3.65 l lB t36 165 28.5

8.0 9.5 2.7 3. 85 162 190 2?0 28.5

8.9 l l .0 3.0 3.85 2t0 2A 280 29.5
9.7 |  2.5 3.4 4.05 260 305 350 29.0

|  0.6 14.0 3.7 4. l5 320 375 435 29.0

I1.3 t5.  s 4.0 4.25 380 445 5r5 30.0
12.0 t7.0 4.3 4.30 445 525 6ts 3l .0

13.4 20.0 4.8 4 .35 585 7C0 840 32.5
14.6 ?2.9 5.3 4.50 740 890 | ,085 33.5
15.7 25.8 5.8 4.60 900 I ,090 1,340 34,0
16. B 28. B 6.3 4.70 I  .070 | ,2-o0 1,600 3+.0
17.9 3t.B 6.6 4.65 |  ,240 I,500 1,270 36.0
19.3 36.4 7.0 4.60 I,500 1.800 2.260 39.0

22.8 50.5 8.0 4.50 2,250 2.720 3,450 45.0

34.0 48.0 i l .3 5.65 3,500 4.555
iltillliinminurn weld spacing 1s a limltatlon of whlch shunted curren'-

of adjacent, welds is negligible in practice. For a shorter
pingran adequate weld current has to be lncreased as a

to the shunLed current to adjacent weld.
lffi case of triple overlappedra 3OEincreased weld current is reguiredl
'ilfrrc idea is for a shearlng strength of base rnaterial.
Wtm a 3.5nm or more thlck naterlal, $te pulsation welding should
mmqplied.

'tmS tu the tip of the electrode,a 120"-140otop angle frustum should
M neccnrnended
"0mm Lip dlameter ls given by :5tv T:rnaterial thlckness in nun.

20- 30'

a t 50llz
Hot Dlp Zinc Coat ing *2 At loyed Zinc Coat ing r5

l0-  t5 l5-20 20-25 8-12 8- r2 B- l2

0.8 1.2 1.6 0.8 1.2 t .6
l0 t2.5 t5 t0 i l .7 t3.5

9 i l .5 l2 8.5 |  0.5 r t.B
270 370 450 270 320 450

170 250 350 200 ?50 370

B l0 l2 B l0 t2
l0 l2 l5 l0 l2 l5

500 900 I ,300 500 850 | ,300
480 870 | .200 480 800 1.200
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Elec t  rode

1t
O0,
kO
! l i
Oo
otL

4

Hea t l rrg
Tlne

tde ld

Currerr  t

Tenslon-shear Strerrgt l r

0 Dase l later la l

l : l - -10 20-.4t1 40
ft[l 0mn Bmnt tsf lvc lb A lnf lcf lc l
0.+ t6 2$- F t60 4 | 5,000 1l 65 72
0.5 ' ,  l6 25- F 170 5 | 8.000 67 n 95
0.0 t5 50- F 195 6 2 | ,000 97 lw lu
0,8 t6 50- F ui 6 26,000 140 n t75
t ,0 t6 75-F s0 I 30.700 ?ffi ztl ZN
1.2 r6 76' F jn 0 33.000 n5 2s5 320
1.6 t6 75F 3r5 l0 35.900 3n 307 460
1.8 ' t6 r00 4oo l0 38,000 437 4s0 s85
2.0 a t00 4e0 l0 4l ,000 517 577 7M
2.3 .22 150 4?E t2 46,000 587 ffi7 850
2,6 22 r50 5U t5 56,000 6J5 800 I,025
3.2 22 150 650 l5 76,000 700 I ,085 | ,+t5

[Spot Weldlng On Slngle-phase]

Alumlnum Al loys ( t r l lL Specl f lcat lons )

Alumlrrurn Al loys (coMMERCtAL USE)

Note: l r . l .  T lme 1o slrown-in BQl lz,r2.  The terrs lo, ,  
"1,"o" 

et* , rg. t l r  ot ,  t l re(A ) Arcrad-75s-T. 75S-w. r 4s-T.' r 4s-w. 24s-T. 24S-RT. n3or.r. ]ss.i. R30r.w
14S.1 R303 24S.T, Ctad R303 24S.RT,

(B) 52S.1/4HroH, 53S.w, 53s.T, 565.r . ,4HroH. 6lS.w. 6ls.T.  635.75.(C) 2S.Alltempors. 3S.Allrempers Annoaled (0)
r3,  Dlanreter of  fused zoni :  d:2r+t .6(Fn, t -Thlckness

n tto".r,il

CF type

R TYPe Electrode pacl ius in mrn.

fo l lowlrrg matcr la l
' ls  showtt l

b0

!,|
o=

L

,9;
-o.
@o
:t
io
u1

3a
| , rE

E
a

I

-0.5 0.5* 0. R 0.8" 1.61.0-2.42.4.-J.  ?,{
nt

d
!
o
!
(t
r

(c) 50 7' 100 100
lJl l
(^)

50 75 75 t00 100
25 50 75 100 loo

CF Type Electrode
0=130'-100' ,  d=t l t3(mrn) ,  t  j  t tater la l  Tl lctr r ress

F Type Elect  rode D (n ' r )

39991 or less,  B- spors or less, /Mtn.  . - - - - -3500A-or less,  lb to , lO -"poi"-Z' f i i " .
Over 35004, over Ao spotsTi i ; : " '

-B-

I  Jrnm
I 6nrrn
22 - Sltnn

T'fi l3lii,$ [ 
-

l',e I d
Crr rrp n t l {e ld ' l ' |ne Liregcggf,el 'euslo.q Shear Strength

(r'rrrr) (A) (  cycle ) (tnf) (A) {B) (c)
0.+
0.5
0.6
0.s
t .0

14,000
16,000
| 7,000
| 8,000
20,000

+
G
6
I
I

90- 100
l3s*230

a

rB0-n0

49
6l
04
ilB
156

32
45
66
95
t36

a
34
50
75
102

t.3
1.6
2.0

22.000
24,000

. 20,000

0
0
2

n0-3n
+

?70-360

2t8
313
46s

186
256
34s

136
t8l
236

z.i
3.2

92,000
35.000

2
5

360-450
360-550

693
e60

+30
475

3t0
355

F lype
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IProJecLiot t  ! let t l ing J

Purrch & Die Di tnetts lot t r i For Group-D & Group-C

-1 ;;
q;;

: i (  F

Tq E
o' l

- -F

Proj  ect ion Punch Die - l@ct Ol
.A ra
pEE
oo E
+r.'{
qT

t le lght
t2S

mrn
Dlameter

rffist
Dianreter

A
mm

Tlp
Radl us
10.05 mm

llole
iameter

mn

Contac t
Diameter

mnr
D me l'yp S t  andard Proj ct ion

0.6 0.62 2.3 l0 0.78 1.85 2.3 0.6
0.8 0.75 2.6 0.95 2.10 1.O 0.8
1.0 0.90 2.9 I  .10 2.35 2.9 r .0
1.2 1.00 3.3 1.2s 2.60 3.2 1.2
1.6 l :  l5 ?q t .56 3.20 3.9 1.6
l .g 1.20 4.3 1.70 3.50 4.3 1.8
2.0 I  .25 4.7 1.79 3.80 4.7 2.0
t .J 1.30 5.3 1.95 4.30 5.3 2.3
2.9 l .4s 6.5 l3 2.22 5.30 6.5 2.9
3.2 l .s0 7.2 2.50 5,80 7.2 3.2
4.0 1.65 8.8 3.30 7.20 B.g 4.0
5.0 2. ls 10.9 4.35 8.70 10.9 5.0
6.0 2.70 13.0 l5 5.15 10.20 13.0 6.0

4.0 1.5 6.9 l5 2.75 4.90 6.9 4.0
5.0 1.7 8.6 3.20 6.20 8.6 5.0
6.0 1.9 9.6 3.80 7.60 8.7 6.0

Froject ions And Punch '& Die

PNOJEC'I ION DlE

Wt.'Ttm
'1 |}Tg:i].

Dimensions lo" Group-A( th in mater ia l  )

. i

PnoJECTIoN PUNCI
;:L -ci#';.,

PUNCII

l -^-v,,.
f lFape 0f  ProJect lon

SPIIENI CAI,
NADIUS

NIICKNEST' OF PRO'ETION
$oJr^o [E 70t on ]oRE
I'IATERI'\L T IIOq|ESS'.

WELD SPACING

'nTg5-
lm'T"
TF

DIE

T001 S' IEEL: nc E0-b?

-  10 -
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Pract ical  Notes For Weldl t tg

thln s l teets,  a l le lder should be provided wit l t  t l te

smal l  shocl< ln squeezing and excel lent  fo l lor . r -up

(1) For welding

electrode giv ing

character ist lcs.

(2) Notes for  4

a) Pressur ized

porosi ty.

b) Double step contact  pr 'essure should be appl ied or a

project ion wl th a rel ief  groove should be used.

The extruding pressure for  the project ion wi th the rel ief

groove ls 16 to,  l7 tons for a 4 to 6mm thlck sheet.

c)  A s lope control  should be used because welders become large,

whlch decreases the fol low-up eapabi l i ty ,  resul ted ln easy

splashing

(3) Di f ferent th ickness of  paired mater ia ls

-  Thickness rat lo I  :  l  to 3 :  1

a) Ei ther s ide proJect ion ls al lowed. For the th ick rnater ia l

s lde proJect lon,  the welding condi t ipn' is not so severe.

b) The proJect ion dirnenslon ls determined on the thinner sheet

basis.

c)  Weld current and heat ing t lme should

lncrease of  the rat lo of  the mater la l

th ic l<ness/thin sheet th lchness).

d) Select lon of  welding condl t ions

l low to determine t l te welding condl t ion for  welding a 0.9mm

thick mt ld steel  s l teet  to a 1.6mm mlld steel  sheet wl th two

project lons.

i )  A welding condi t ion ls given from the welding condl t lon

.  Table.  This case ls equivalent to the schedule-B sett lng

-  6mm thic l t  mater la ls

contact  shouLd be appl led because of  prevent ing

be lncreased with the

thlckness (  th lck sheet

-11



Fs
v,

!i[ s'
i  i tV: ' r l

Jl: s
olS
ErH

the weldir tg current in

t l  cyc les and e l  ec t  rode

i i )  ' l 'he t l r lckness rat lo

' i l re current constant( fc)

52004 per a spot,  heat ing t inre in

force in BTkgf.

ls 1.0/0,9 = 1.75/ l

and t i rne constant( f t )  are given by:

fc = 1.07 ft = 2.2

:5200 x 1

B x 2.2

spots

2 x 5500

: 2 x.B7

6

q

4

3

2

l2

t .0 t  . l

4
Value
t.2 1.3
Value

fc
l .s t .6 t .7
, fc

Correct  current

Correct  t i rne:

Project ion:  z

Weld current:

Electrode force

l leat ing t ime:

.07 = 5500A

= 
.18 

cycles

11000A

= 174kgf

I  B cycles
of

1.4
of

- ' l 'h ickness rabio 3:  I  to 6:  I

a)  l f  t l te th ic l< ntater ia l  is  d l f f icul t  to.be provided wi6 t le
project ion,  the proJect ion is al lowed to i l re th in s ic le.

b) some prevenLion slroul t l  be arranged i i r  f ree f  rorn dust,  foreign
matter and oi l .

c)  Class-1 or Class-2 mater la ls are recomrnencled as an electrode
tnater la l  because of  tendency of  rnueh burnecl  surface of  sheets,
I rowever,  the conrbinat lon of  e lectrode nrater ia ls should be
determined in considerat ion of  l reat  balance.

d) A tr ia l  welc l ing should be reconrrnendecl  to f ind out nrore

accurate data to be set wi th the reference of  t t re above t lata.

-  12



IPFoJect lon Heldlng]

Austenl t ic  SLuirr less Steel ,

*1

,k1,2,3,4 x5 *6 , f7 Punch & Dle Dimetrs ions

Mater la l
' I l t lckne s s

. .Trt
IT
ts
O.)E' [o i l
4mm

. :p

cl b9
oTl

.g H't
t lnm

H' h
He +
$ E "H{ . r i .d. .
i l  =tsrc

d=2YO
mIn

Type
+0.05

C

lnm

Dr

lllrn

+0.025
tr

|Ilrn

+0.025
F

lnrn]nt|| U.S.S
Gauge

0.35 29 '1.40 0.33 3.2 I 1.40 0. 85 0.35

0.50 25 1.70 0.34 4.0 2 1.70 1.10 0.45 0.50

0.60 24 2.10 0.50 4.0 3 Z. UJ ' l .30 0.50

0.80 22 2.40 0.55 4.8 4 2.40 1.60 0.55 0.75

0.90 21 2.40 0.55 4.8 5 2.40 I .60 0.55 0.75

1.00 l9 3.00 0.70 6.4 6 3.00 2.00 0.70 0.90

1.20 l8 3.00 0.70 6.4 7 3.00 2.0b 0.70 0.90

| .60 l6 4 .00 0.90 8.0 I 4 .00 2,70 0.90 l . l0

l , ;80 l5 4 .00 0.90 8.0 I 4.00 2.70 0.90 I.  t0

2.00 l4 4.80 I  .0s 9.6 l0 4.75 3.25 I .UJ 1.40

2.40 t3 5.55 I .20 11.2 1l 4 ,55 3.75 I  .20 1.65

3.20 il 7.15 1.50 r4.4 l3 7.15 4.90 I  .50 2.15

materir I :309 17 ,347 ard 349,non-hea treated carbon
cont;iln:0. 1 58

*2 Material should be free from scale,palntrgrease and oil.
*3 The projectlon dimention is determined on the thinner sheet basis.
lhe projectlon should be extruded to the thlcker sheet as much as
possible.

*4 Ttrickness ratio of double sheets overlapped should be 3:1 or less.
*5 Material Ihickness For Diameter 'D'

-1.27nrn or less :O.O8nrn in tolerance.
-up to 3.20nrn : 0.20nrn in tolerance.

*6 Mater ia l  Thickness For l fe ight  'H'
-1.27mm or less:  0.05mm in to lerance.

-up to 3.20mm: 0.13mm in to lerance.
*7 ErLctrode Mater iar :Malrov 100 or Elconi tetJ, lJr in."_l

D

-  13 -



Puncl t
& Die Dlnrenslons *8 x-9 ,f't o

+0.025
H

n'n

Jr

tnm

oro
Oc|
ol
!9

U
o

rJ
ld

kgf

l lea t

Tinre '

qo

l lo ld

Tlme

qo

ut a
t rHx
-5F3
or: 'X=uE

-t
AI

M I n lnrurul
Slreur I

;  t  reng t l j
(  base I
r iater la. l
l0 k g t / rnlr
4 l€s$I

Nugge t

ula.
2

mII|

in lmurnl
ontact ;
iver lap

"L" I
Inrnl

0.90 0.13 140 7 15 4,500 125 2.9 3.2

1.00 0.13 na l0 l5 4,750 200 3.6 4.0

I  .10 0.13 270 12 l5 5 ,200 270 3.6 4.8

1.30 0.13 320 l5 l5 5,750 380 4.3 5.6

I  .30 0.. l3 320 l7 l5 5,900 450 4.3 5.6

1.60 0. l3 320 20 l5 6,000 590 4.3 7.2

I  .60 0. l3 450 22 l5 6,500 770 5.7 7.2

2.05 0.13 540 25 l5 7,500 1,020 5.7 9.6

2.05 0. ' t3 720 27 30 B, BOO 1 ,260 7.2 9.6

2.65 0.25 860 30 30 1 0,000 1,440 7.2 11.2

2.95 0.25 860 30 30 I 0,000 1,800 7.2 12.7

3.90 0.04 1,260 30 45 1 4 ,000 2,560 8.6 17.6

l leaCing t lme 1s based on the I  requ

t lg '

' fh lckne.ss l lange

0. |  5-0.74mm
0.76- l .47nm
1.49-2.92nrnr
2. 94 -4.83mrn

r l0.  A weld spot ls put

' Ies t  Piece l i ldth

| 6.Omm
25.4nrn
38. I mm
50.8mrn

on the center

quency

Tenslon-sl lare strength per spot.  weld,

test .  p iece for tenslon-share strengt l r .

over lapped wlthout urry devlot lon.

o f  00l lz .

doubled over lapped

completely

Test Piece. Length

75mrn
' l00mrn

l25nrm
I 50mm

of over lap.

t .

r

1. A
- t ' t



.  Ouber
Dlantefer

'1pe WaI J
hicknes q( r )  

I

,Shee t
hic lcnest( r )

lllm.

eat Tlntd

1"r"f"t I
lec t  rode;

! 'o rce I
lof I

1,,1e ldin g
Cu rren d

A

Tens i  le
Strengt l t

'n |m

t/+' 13.8 2.3

0.8 6 4i6 21,m0 839

t .6 20,200 | ,558

3.0 tt I  9,800 |,678

6.+ I zl ,500 2.?58.

0.8 l2 318 | 7,  100 7e+

1.6 o | 6,300 1,633

3.0 a 4 I  5,800 1,682

6.4 ta Q |  8,900 1,996

l /2" 21,7 2.8

0.8 l0 1,000 33,S0 I ,443

1.6 + 15, 200 2,8l'2

3.0 4 .32.600 s 037

6.+ +' aa 38,200 5,086

3/{ 27,2 2.8

0.8 6 1,600 46.000 1,72+

1.6 6 | ,600 45,200 3, 157

3.0 0 | ,600 ,l{,500 5.180

6.4 l0 1,905 52,m0 5.897

l " 3+.0 3.2

0.8 6 2,01 9 5E,500 2,3l3

1.6 B 2,019 57,500 {,39 |

3.0 l0 |  ,343 52,000 +,?25

6.+ t l 1,687 65,m0 6,769

Ring Projection Welding

.1.  PIpe ls mads of  s lor  corbon eteel  at td

.2.  Tlre t lp of  t l re plpe elrould be nraehlned
r5.  ln Iurger th lcknees of  s l reet  t l ls t t  thst

s l teet  1s a nr l ld 8tsol .

as a projsct lon ahovn
of t l re plpo raI  l .  t l re

aa the fol lor lng l l lustrut lon.

heat balarrce control  ls

Diame ber

-  15 -
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I b""""

i"T;'',
,.4 lh

*q
i *(d '1
EF
fllr|

A B yf;
': ho

; i i
;Tf i

kg f-cnr

Tlme
(cycle)

i lec t  rodl
Force
kgl

Weld.
Curren

.A
Tlme

(cycle)
i lectrot l
Fo rce

kgl

Weld
lurrent

A

l2

1.2 3 450 | 7, ooo 6 370 l4,mg

I ,200
2.3 t/ 480 18,500 ,/ 400 15,m0

4.0 /7 520 20,m0 4 420 16,500

B

1,2 3 300 I l, soo 6 270 .9,500

1,0002.3 ? 400 15,000 21 290 | 0,500

4.0 ,/ 430 | 6,500 / l ' 320 I 2,000

5

1.2 3 300 | 0,500 6 240 g,m0

7002.3 /1 320 | | ,500 ,/ 260 9,m0

4.0 ,/ 350 | 2,500 ? 280 9,500

[4-spot proJect lon Nut l r le ld ing]

[  3-spot I ' roJect lon Nut l r le l t l ing]

l | !
orc
3. .d
oE
uro

E

4O

Ig
stsE

A B, C igI
ta .c
C9

iu
!e c
Stt t t

-q 

L
le

Tlme
ulect

-  
rodo

forna

Held
lurrer

'rt,ue l-"'"t"?rl
I  I 'OrCO

td Tlnre ect ldeld

ig l -m tg l -mIln I|lI :yc I ts l A ryclel  tg l  I  A I tg l A

l0 1,2 3 42016,m0 6 150 13,m0l2 280 10,m0t5.3 5.5

, 2,3 , 450 17,m0 , 3/0 l4,f[c I s0 l l ,m0 4 'l

t 4.0 I 480 l8,m[ a 1t0 15, s0 , 320 l2,rno? ',

6 1,2 I 3t0 l l ,mo I 270 9,S0 t 220 7,m0 4.5 t .5
,a 2.3 I ,3{0 12,m0 , 290 l0,sc I 250 8,m0 t I

, 4.0 + 370 l4,m( t 320 12,m0 , 210 9.S0 , +

-16_



lProject ion Welding On Single-phasel I ' l i ld SLeel  Ct 'oss-wIre

Mi ld steel  cross wire welding

l, l lre
Dla

ntn

CoId Drawing M ld Steel  Wire l lo t  Drawlng I l l ld Stee Wi re

I ' leat ,
' l lme

(cvcle)

I  ec D rodr j
Force I
kgf.  I

We ldtng
Curren

Tetrs l le
S t  reng t l
.  .kqf

leat 'Tim
(cycle)

EI ec b roc
'Fbrce

ksl
P l . leIdtns

lcurAent
' lens t  I  e
Strengt l

kgt

I  5t-swaged 1 5l  -  swa Bed

1.2 4 40 '250 150 4' 45 200 100
1.4 5 45 400 lB0 5 45 350 120
1.6 5 45 600 210 5 50 600 150
1.8 6 45 i50 240 6 50 750 170

2.0 1 50 950 270 7 50 950 200

2.3 7 50 I,040 310 7 55 I ,230 240
2.6 B 55 I ,500 360 B 60 | ,500 280

2.9 I 65 I ,750 420 I 70 1 ,800 320
3,2 l l 75 2,000 490 l l 80 2,. l00 370

3.5 l2 BO 2,300 550 l2 90 2,4A0 430

4.0 l3 100 2,800 700 l3 l l0 2,900 520
5.0 l7 160' 3,600 | ,000 17 170 3,800 760

6.0 22- 230 4,500 I  ,400 22 230 4,800 .l  
,100

7.0 26 310 5,400 | ,900 26 310 5,800 I ,500
8.0 3l 390 6,300 2,400 3l 380 6,700 2,m0
9.0 37 470 7,200 3,000 37 460 7,700 2,600

| 0.0 43 550 B, 100 3, 700 43 540 B, 600 3,300

l l .0 50 630 9,000 4,400 50 630 9,600 4,m0
12.0 56 720 9,900 5, 100 56 710 10,500 4,700

13.0 63 Bl0 I  0,800 5,800 63 800 I I ,500 5,500

50 -  swaged 3 0l  -  swaged

1.2 4 60 200 140 4 50 450 140
t .4 6 65 500 170 5 60 680 160
1.6 5 70 750 220 5 65 900 lB0

l .B 6 75 1,000 25A 6 .70 1 ,120 200
2.0 7 BO I ,300 290 7 BO I,350 u0
2.3 7 95 |,700 360 7 90 | ,700 260

2.6 B l l0 2,100 ,1.30 B il0 2,080 300

?..9 I 120 2,500 500 I 120 2,400 3s0
3.2 l l 140 2,900 590 t l 140 2,800 400
3.5 12 160 3,300 680 t2 160 3,150 450
4.0 l3 190 4,mo 840 l3 190 3,900 570

5.0 l7 270 5,300 1,200 l7 290 5,m0 800

6.0 22 380 6,700 | .700 22 4t0 6, 400 I ,250
7.0 26 510 B,m0 2.200 26 550 7,900 I ,700
B,O 3l 690 9,400 2.m0 3l 700 9, 500 2,250
9.0 37 860 10,700 3.500 37 BBO ll ,100 2,850

10.0 43 | ,050 12,m0 4, ?50 43 I ,070 I 2,800 3,550

l l .0 50 I  ,230 I 3, 400 5,m0 50 1,270 I  4,600 4,300

12.0 56 I ,420 14,m05,m0 56 I,490 . 1 6, 400 5,100

13.0 63 I ,620 16,1006,[00 63 I  ,700 lB, 100 5,850

--b



Mild steel  cross lre welding

Cold Drawlng Mi ld Steel  Wlre
---1?liT-l=--:----r---::i;::::':-: l ld Steel  Wire

_.. .=oP lEIeCEfOUq nHlulr l l i  I  I  ensl Ig

rJi$f"l I 
t"reie 

I 
curlent 

l"l;?""
I leat ' l '1rn
|  (  cycte

le_ctrode
rorce
ksf

Tefa]i-g
Current

A'

Tensi le
Strer igth

Kgr
502 -swaged 502-swaged

4 /0 400 200 4 70 300 170
5 B5 700 230 , 5 BO 650 190
5 100 1,000 260 h 90 I ,000 2t0
6 l l0 I  ,300 300 6 100 I ,300 230
I tzu 1,600 340 a

I l l0 1,600 250
71140 2, 100 400 7 120 2, 100 290
I  i  160 2,600 450 I 140 2,550 340
9 r  lB0 3, 100 530 q 160 3, 100 380- 3,sso I 600__r I j_ tvu f l lB0 3.500 440

t2 1230 14,m0 I  750_ _.__-r  __j_--  i_. ' : - 12 200 4, 100 500
r r  I  zuu I  4,800 |  950

-

l3 250 5,m0 600
17 . 370 6,800 920

zt 55U 8,000 i  1.800 22 500 8,600 1 ,300
zo s,200-T-2a50 26 690 10,300 |  ,6503l 940 I I ,400 i  3,  f00 3t 900 | 2,  100 2,400
37 !  1,200 |

-

13,400 |--:---+
3. 800 37 | ,200 14, m0 3, 100qJ i  t ,5uu I r5,400 i 4,500 43 | ,500 I 6, 100 3,800

ou I  I ,u5u I-;;---T--:-::r--i- I  / ,300 |
-

5,250 50 1 ,870 1 8,300 4,550
ro t  Z,ZUU I |  9,400 | 6,050 56 2,270 20,500 5,300
63 i  2,600 21,700 6,900 63 2,680 22,X)0 6.100

l 'h is ' l 'abIe s l rould be appl led to
same diarrreter r l l ld s teel  (0 .ZOfr.or less
For a pair  of  d i f ferent dlarneter wlres.
determined in the srnal ler  d iarneter wlre
addi  t ional  .

the welding Joint  of

carbon) cross wires.

the welding condi t ion

basis wi th sorne

giverr  by

spot

spot

A-B
Swaging = ------- - -

A

the

ls

The Table is for  the s lngle spot weldlng.
l . lh l le,  for  the nrul t lp le spot welc l lng,  i l re condl t lon ls
the t 'o l lowing procedure:

l leat  t lme: data f  rom the above T.able

Weldlng current:  data ln.bhe I 'able x nuurber
Electrode force: data ln Lhe Table x number

of

of

x 100

A(c

l r le ld l  ng

Weldlng

-18-



ISean ! , le ld ing With Pulsat ing l leat ]
Mi ld Steel

Cornmon Condi t ion l lermet ical ly Weldint
,v)

Ta
;  9,

a..H

sq
ru ' l
Ei1

El ec t  rocle
I  ect  rod

Force
Minimum

Over I  ap
c

His Speed Weld

0,
E

F

0,

o
E

F

o

t
C!

.d 0,
!q,

- t r t r
sl ,

nn
/m in

-P" .o30
9(, / |
0,
7

/lOmm

!o!
gd

.a oJ

Jt

s3

A

T

mm

0t
bo
,
lo
o.
an
lt

E)
ZE
cF.a!
E

!
L.-

{E
t!g

!
ah

E
J.2e
:E

E
a
E'; td'i.v'

10
11

€ q-r
t rcn
g11
a

E
tr

.aF
E,E
L
o

!t
t1

b{E
l ! ;

6

0.23 33 3.2 4.8 9.5 175 175 6.5 9.0 I I
I 2,970 6.7 I I ,500

0.26 32 3.2 4.8 9.8 180 180 6.5 9.5 I
I 2, 940 6.8 I | ,500

0.30 3l 3.4 5.0 10. I lB0 190 6.5 9.5 I I 2,91 0 6.8 l I ,600

0.32 30 3.4 5.0 10.3 l8s 200 6.8 9.8 I 2, 890 6.9 I I ,700

0.35 '29 3.5 5.2 10.5 190 210 7.0 10.0 I 2,870 6.3 I I ,800

0.40 28 3.7 5.3 10.8 200 n0 7.2 10.2 2 2,830 4.2 I  2.100

0.45 27 3.8 5.5 l t . l 210 230 7.5 t0.5 2 I 2,m0 4.3 I 2, 400

0.50 26 {.0 5.6 i l .4 210 250 7.8 l0.B 2 I
I 2, 760 4.4 |  2,800

0.55 25 4. I 5.7 l l .7 u0 260 8.0 I  1.2 2 I 2,730 4.5 I 3,200

0.60 24 4.2 5.9 l l .s u0 280 8.3 I  t .5 2 I 2, 700 4.4 1 3,600

0.65 23 4.3 6.0 12.2 230 a0 8.5 l l .8 2 t
I 2,570 { .5 14,m0

0.70 23 4.4 6.2 12.4 230 300 8.8 12.0 2 t 2, 650 4.s | 4,500

0.75 22 4.6 6.3 12.6 240 320 9.0 t2.3 2 2,620 4.6 15,m0

0.80 22 4.7 6.5 12.8 250 330 9.3 12.5 2 2,m0 4.6 I 5,500

0.85 2l 4.8 6.6 13.0 250 350 9.5 t2.8 2 2,5i0 4,7 16,m0

0.90 2l 5.0 6.8 t3.2 260 370 9.8 13.0 2 2 2, $10 3.5 | 6, 700

1.00 20 5.1 7.1 13.6 280 400 10.0 t3.5 I 2 2, 500 3.6 18,m0

1.20 l9 5.4 7.7 |  4.3 300 470 l l .0 t4.5 2 2 2.430 3.7 I 9, 200

1.40 l7 5.8 8.2 15.0 330 530 I  t .s |  5.5 I 2 2, 370 3.8 20,700

1.60 l6 6.0 B.B ls .7 360 600 12.0 I 6.2 1 I
I 2,300 3.9 21,100

1.80 l5 6.4 9.5 16.3 380 660 12.5 17.0 3 t
I 2.230 4,0 21,500

2.00 l4 6.6 10.0 l6.B 410 720 13.2 t7.B 3 I 2.160 4.2 22,mC

2.30 l3 7,0 l l  .0 17.5 450 790 14.0 19.0 4 2 2,070 2.9 22,900

2.60 l3 7.4 l l  .8 I8.2 490 860 | 4.8 20.0 4 2 I ,970 3. I 24 ,200

2.90 l2 7.7 12.7 lB.8 530 930 t5.5 21.0 4 I |  ,870 3.2 25,m0

3.20 l l 8.0 13,619.5 570 l ,m0 t6.0 22.0 4 ? l ,n0 3.4 27,700
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l lernret  I  cal  lY l r le ld l t tg Pulsat l t tg weld
$r i  th ro 11 spo t

l " ledium Spdbd Weld Low Speed Weld

o
E

F
!

nt
0,

:E

o
E

F

rr

o

T'
Lo O,
tro

.aO
!oan

0,
3

nn/
min

ho'
Cu

.do
€o.
du,
o=

,i
l0mn

Lo!
Cg

.r 0,

vi
aa
3c)

A

o.E

F
at
llt
o

qo

o
E

F

L
o

Fs
. :  '0,JO'
,1 0
di t/,
3

nn/
min

F-
. :o
:3
o
3

I

l0 mm

x5
:L

c5
?u
3

A

o
c

F

.J
.6
0,

L

o
E

F

g<

a0

He ld I  ns.
Speed

mm/min

E,
E
x
aU
E

k
(t

€|.
o

E
a
E
tr
z

2 I 2,0406.0 7,7oo 2 3 1,2745.7 7,300 2 i!/, I 2, 3005.1002.574

2 I 2,0306.0 8,100 2 3 I,250 5.8 7,500 2 4 I  2,2005.0502, 540

2 I 2,U206.0 8,500 2 3 1,2405.8 7,750 2 l, 12,m05,m02,500

2 2.0106.0 8,900 2 3 l ,n0 5.9 8,m0 2 , I I ,8005.m02, 480

2 2,m0 6.0 9,200 2 3 1.2106.0 8. 300 2 , I | ,600{ ,9502.450

2 2 I ,980 4.5 9,700 3 3 I, l9o 5.1 8,600 2 2 I  I  ,4004,S02.400

I 2 | ,960 4.6 l0,300 3 3 1 ,170 5.2 9,000 2 + l l , l00 4 .8502, 350

2 2 1.9404.6 I 0,700 3 3 I  .150 5.2 9,400 2 | 0,8004,8002. 330

2 2 l.-020 4.7 I I ,200 3 3 1 .130 5.3 I ,800 2 10,5004 ,7502, 300

2 2 1.9104.7 I I ,600 3 3 l , l2o 5.4 I 0,200 2 , ' | 0,2004,7002,n0

3 2 | ,890 4.8 12.m0 3 4 I  ,100 4.7 | 0,600 3 10,m04 ,6802,240

3 2 I  ,870 4.8 1 2, 400 2 f.| 1,0905.5 I 0,900 3 , 9,7004.6002,200

3 2 | ,850 4.9 1 2,700 2 4 ,070 5.6 | | ,300 3 9,4004 ,5502.170

3 2 | , B.l04.9 I 3.200 I 2 4 t ,60l  5.7 | | ,700 3 a g.1004. 5002,140

3 2 | ,8205.0 3.600 | 2 1 ,o5ol 5.8 |  2. 100 3 8.800{,5002, i l0

3 3 1.8003.3 4,m0 2 4 t .03ol  5.8 | 2,500 3 , 9,5004. .t502.080

3 3 l ,n0 3.4 1 4 .800 2 4 t ,otol  6.0 13,200 3 o 8.m04.4002,030

4 3 1.6903.0 | 6.000 3 { | e60l s.3 l4, lm 4 , 6.9004.2001.950

4 3 | ,620 3.2 17,m0 4 I 9t0 5.0 | 4,800 { , 6.m04,m01 ,850

q 4 1.5102.7 I 7 ,800 4 4 860 5.2 | 5. 400 4 I 5,3003,800| ,750

5 5 I ,480 2.4 18,-s0 5 5 820 4.4 1 5, 700 5 4 ,8003.7001.70c

5 5 I  ,4102.5 19,m0 6 6 7701 3.9 | 6,500 5 , 4,6003,500I ,570

7 6 1,3002.1 | 9,900 6 6 710 4.2 | 6,800 6 a 4. 1003,200t.440

B 6 1.2402.1 20,500 6 6 660 4.6 | 7, 800 6 + 3,S0 2,700| ,330

t0 6 1 .190 1.9 2.l,300 6 6 620 4.8 | 9,200 6 , 3,8002,500| ,230

l t 7 l,150 1.8 22,000 6 6 580 5.2 2l,000 6 + 3,60(I z, :oo1.130

Appropr late select lon dependlng on requlred spaclng'
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i  tseam Welding l r l i th Cont lnuous l leaf l

t l i td S teel

-  Ful  l  ! ' lave l lea t  Wi thou t  l lea t  Con t  ro I

Common Condit lon

Mater ia l
'l'lr ckness El ect  rode $lectrode Force l * l in imunt

Ove r I  ai t
*4|l|ln

:USS
S t  anda rd

l ' l lnimutn
d nrn

Minlrnunr
D rtfn

I'll n intutn
kqf

St andard
kqf

0.23 33 5.0 9.5 r80 lB0 9.5

0.26 32 . 5.0 10.0 lB0 lB0 9.5

0.29 3l 5.5 10.5 r90 190 10.0

0.32 30 5.5 10.5 r90 200 t0.0

0.35 29 5.5 l l .0 tg0 210 10.0

0,40 28 6.0 l l  ,0 200 ?20 10.5

0.45 27 6.0 l l .5 200 230 l l .0

0.50 26 6.0 l t .5 210 250 i l .1

0 .55 25 6.5 12.0 2 t0 ' 260 lt .5

0.60 25 6.5 12.0 2r0 270 12.0

0.65 24 6.5 ' t2.0 220 280 12.0

0.70 23 7.0 r2.5 220 300 12.5

0.75 23 7.0 12.5 230 310 12.5

0. B0 22 7.0 12.5 250 320 t3.0

0. 85 22 7.0 12.5 260 310 13.0

0.90 2l 7.5 13.0 170 360 13.0
16 be applled to sheets of.ovdr.1rm In

thlckness because of preventlng ttre surface ibf*L.ag="d !y other heating

Cont inuous heat control led wave

I  .00 20 7.5 13.0 280 .100 I 3.5

1.20 l9 8.0 l3.s 3t0 450 l4.c

1.40 t7 8.0 l3.  s 330 500 l4 .3

|  .60 l6 8.5 l4 .0 350 540 14.6

I  .80 t5 8.5 14.0 380 580 14.9

2.00 l4 8.5 14.0 400 630 15.1

*1. ttrls Table shoultt be applled to the ptckled olled_hot.rolled mlld

steel wlth the tenslle strength of 29 - 32kgftrmz conformlng to SEA 1005 1010.
*2. the electrode nraferlal should be a copprer alloy conforming to Rt't!4A class 2.
*3. the surface of the mlld steel.should be thlnlyolled, exeptlng grease' scale,and dust.

:t!r SEg .Jlr
*4. Overlapr. _ 21



Seam l . le ld. lng

High Speed Welding
r
lMedium Speed l r le ld ing
t_-

Low Speed Welding

Welding
Speed'
mmlmin

^lbldtnt
SPot
/ lOmn

lrreldint
Current

A

t ' leldlnl
Speed
nn/mn

le ld inp
Spot -

./lOmm

de ld ing
lurren f

A

, le ld ine
Speed
mm/mrn

, le ld ing
Spot

./l}nn

, le ld ing
lurrent

A

I  2,350 5.28 1 3,000 6,200 5.8 9,000 4 ,600 7.7 8,600

12,200 5.91 1 4 ,000 6.100 60 |  0,000 4 ,550 7.9 8,650
I  2,050 6.00 1 4 ,000 6 ,000 6.0 I  0,000 4 ,500 8.0 8,650

I I  ,900 6 .05 14,0005,900 6.1 I  0,000 +,400 8.2 8.700

1 1 ,700 6. l6 l+,000 5, d00 6.2 I 0, c00 4 ,350 8.3 8,700
I  I ,500 6;28 | 4, C00 5,740 6.4 1 0,000 +,230 8.5 I ,700

I  | ,200 6.11 l {, c00 5,500 6.5 1 0,000 4, l l0 B.B $,700

I  I ,000 6.55 1 4.000 5.300 6.8 |  0,000 3,990 9.0 8.800
1 0,700 '  6.73 l+, loo5,U0 7.0 I  0,000 3,870 q? 8,800

1 0,400 6.90 I +,200 5', m0 7.2 I 0, c00 3,750 9.6 8,800
10, lB0 7.05 I +,3oo4,900 7.2 I  0.000 3,630 9.8 8,900

9,900 7.31 14,.150+,700 7.7 1 0,500 3,510 10.3 9,000
I  ,600 7.50 | +,8004,500 8.0 I  I ,0C0 3.3.90 10.6 9,300

9.300 7.74 1 5,300 4.400 0.3 I  1,000 3,270 i l .0 -o ,600

9,000 7. ee 1 5,800 4.200 8.6 I  I ,500 3, 130 i l .5 9.800

8.700 B.3l I 6 ,300 4.000 8.9 12.,0003 ,000 l?.  I t0, m0
A heat controlled wave should be applled to sheets of over 1nm ln
.thlckness because of preventlnq the surface defect caused Fy ggher heatrnq.

8 ,000 9.01 l7,600 3,740 e.64 1 2,500 2,720 13.2 Io'4oo
0,t00 10.6 20,3C03, 100 i l .60 1 3,000 2,300 13.6 l0, t /0
5 ,350 t2.3 2l,4f ,0 2, 500 t*.40 14,0002,000 t8.6 I  t .900
.l .820 14.9 u,a00 r ,901t t8.90 15,00()1,520 23.6 I 3,4r){)
3,E00 t9.0 ?2,200 t.250 28.80 |  6 ,000 1,080 33.5 r+.800
2,800 25.7 22,3A0 600 59.90 I 8,000 750 48.3 r6.300

*5. fn adaptatlon error, the electrode
cunent shonn in the Table ls t85r33n3ri""1d 

be increased to
cornpensate other condltlons.
l7- For welding big conponentsrthe mrnimum spacing shourd be increased
by approx, 30t to improve the r,,prk efficiency and-ttre welding sped
should be low for easy nnnlpulatlon.
*8. Ttre radius electrode is allowed to be used.
i.9. l..welding ln the continuous heat is 1 spob per 1/2 cycles ln
the high srred weldlng and 1 spot per 1 cycle h ltre row srreeo. 

-
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I  Seam

MiId

WeldinsJ

Steel ,  Di f ferent Thickness l ,a i r

Mat e r l  a l
Thickness

m||l

bo€
t ro)

.rl (t)
1Jo.
FfUJ
o.
3

mmlmin

bop
trd
'r{ o)
Tt9

-l k'
OA
3ct

A.

Weld Time

'(cycle)

Electrode Force
15'

D:tz.7nn i t-o-{
B: lbomm \ril-l
T: 6.4mm \y

kg t -{t l-
Thln
Sheet

Thick
Shee t l leat ofr

Time

0.8 2.0 I ,830 1 6,000 3 2 270

0.8 2.0 3,61022,000 2 360

0.8 1.3 I  ,830
.|7,000

3 2 360

0.8 1.3 3,61020,000 2 3t5

t .3 2.0 | ,530 22,000 4 3 540

1.3 2.0 3,05022,000 3 I 540

mater ia l :  Electrode*RhrMA Class 2z surface pickl ing.

,TI I ICKNESS
OVENLA

L THICKNESST
I

L :1 .2-2.0 (T)

T' : l . l - l .S(T)

* Resistance Welder Manufacture Associat ion.
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IMash Seam tJelding l . l i th Cont inuous l teat ]
Low Carbon Steel ,  l lermet ical ly Welding

Mater la l ls l  ?,
Thi ckness\ -/

i lec t  rodr
Force

kgt

Ini t ia l
0ver lap;

( ,4)

m|n

|r |e ld ing
:  Speed

mmlmin

l, l-e.Idlng
Current

l+ 8)

A

tlea tcRlfiEg t
(*  7,8)

%
|l|m ' inch.

0.53 0.021 270 0.79 4,070 10,500 70-80

0.76 0.030 410 1.17 3,300 | 3,000 70-90

0.91 0.036 532 I .s2 2, 640 I 4,700 60-80

1.22 0.otB 680 I .90 2,030 16,m0 50-70

1.52 0.060 880 2.15 I  i620 I  7,400 50-70

1.90 0.075 l ,  f3o 2.46 1,400 | 9,000 45-60

2.3A 0.090 I ,400 3.00 I ,200 20,70c 45-60

*| .  Thls Table should be appl led to t t re rni ld steel  hot_
rol Ied before pickled and l ight ly oi led,  which has a tensire
strength of  SZ -  Sbkglmrnz.

*2.  The electrode should be I IWMA class J,  zOOrnm in diameter.
*9.  The surface, of  the mi ld steel  to be welded should be
free froln scale,  grease arrd dust.

*4.  co' tact ing over lap should be prespotted, or compretely
clarnped dur lng seam weldlng.

*9.  The thickness of  i l re l ' lnal  welded ls to be l5o/ ,  of  a
single sheet th ickness.

*g.  The mashing degree should be equal  in the both s ides.
*7, .  The phase control  should be recommencled for gett ing
excel lent  weldlng resul t  and f lne f ln lsh.
*S. For welding thlcker mater ia l ,  approximately doubled
weldlng eurrent,  7n thts 1,abJe ls required.

Note:

*24-



I  Searn l r le ld ing 1

- Austenl t ic  SLainless SLeel  (on s ingle-phase)

comrnott  Cond t ion l le rme t  i

Ma-f e
't lr i  c

T

nil

t fl,l
, l les

El ec t  rode
Force

a 6
t
L-

€O
;. !
c.1
; r .
59=p
* l

l l lgh Speed l le ld

:E.,{
F

+,
n
o
E
*5

{r

(l)
E.,{
F
gJ

o
*5

b6

.58
:&
6ut
3

r0/mn

ho
cp

. iO

to
-1V,o
3

/l0nn

!

boc
tr0,

.F{ lr

! r r
AA
O'U
3

A
U.S,S
3atig dnn

a
c. { '
5on,r

n
lilI ionn! tgt

E
tr
.d

#tgt nI

0.23 33 5.0 10.0 40 5.0 160 t80 7.0 I I 2,290 7.9 6,500

0.26 3l 5.0 10.0 40 6.0 175 200 7.5 t I 2,2107.9 6,600

0.29 3l 5.5 i l .0 40 6.0 180 210 7.5 2 2,24Q5.4 6 .700

0.35 n 6.0 12.5 40 7.0 22s 240 0.5 2 2, 190 5.5 7,200

0.+ 2B 6.0 13.0 40 7.5 240 270 9.0 2 I 2,160 5.6 7 ,600

26 6.5 13.5 40 8.5 280 320 10.0 2 I 2 ,090 5.7 8,700

0.6 2+ 7.0 13.5 80 9.0 320 360 lt .0 2 2 2,0294.5 1 0,700

0.7 23 l .v t3.5 80 t0.0 360 MO l l .s 2 '2 1,950 4.6 | 2 ,600

0.8 22 7.0 14.0 BO 10.5 400 470 13.0 2 z I ,890 4.8 | 3 ,500

0.9 2l 7,5 l+.0 BO ll  .0 +30 520 l+.0 3 2 |,9403.9 l+,100

1.0 20 7.5 14.0 80 i l .5 +70 570 t4.5 3 2 1,7904.1 | 4,500

1.2 le
I

8.0 14.5 80 t2.5 530 670 15,0 3 2 | ,690 4.3 1 5,200

1.6 r6 9.5 t5.5 BO t5.0 660 870 16.0 3 2 1,5304.7 16,200

1.8 l5 t0.0 16.0 80 16.0 720 970 t7.5 + 3 I,+70 3.5 | 6 ,500

2.0 t+ 10.5l6.s BO r l .0 780 | ,040 l7.s + 3 1,4203.6 1 6 ,700

2.3 l3 l l  .0 17.0 BO | 8.5 830 1 .160 19.0 5 .3 1,3803.3 16,900

2.6 l2 12.0 t8.5 BO 19.0 850 I ,27020.0 5 3 1,3403,3 | 7,200

3.2 l l 13.5 le.5 BO 19.5 900 l ,500 22,5 5 + 1,2703,2 | 7, B0o

4.0 l0 l+.52t.0 BO 20.0 970 | ,g5(l 25.5 5 + l ,170 3.{ 1 8 ,500

* TabIe be aplled to l ,  302, 303, 304, 308,,  I
309, 310, 316, 317, 321, 347,and 349.
*2 fore eiestrgde ptepta should-be a-coppgf q-1!oy.9P1f9l1tt,qa lo Rlflh class 3.
*i iH ir,Gililiriid-Etrouid-Uc tree frorir-fietiEir,scale and dust.

*{ overrae: 4![ SEE JLfi
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*6 rn adaptatloh error, the elecLrode force should be lncreased to.
cunpensate other condltlons. Reqlred P-rq?yre for su'ch adaptatlon is not increased rn thl"s table
l1.I::,""ldrng cold - treated rnarerlal wrth a tensrle sliei,gth of 

-- "--.-"-^'
r u5r(gflnrnz or rpre, the maxrmun force should be applled to the erectrode*8 For werdlng blg.conponents, the rr!1rym sp"crn|'stourj-u" increased' by approx, 301 to irnprove t},e tuork effrcrency ana.tne r.iaing speedshouLd be low for easy manlpulablon.

' *9 ltre iad.lus elecLrode should be use<i for flne r,nelil-flnlsh.

* Tte off tlme ls properly selected dependlng on reglred weldspaclng

Itermetlc Weld [ 'u lsaulng weld
wlth rol l  spot XMedlum Speed Heldlng Low. Speed l r |e ld

U
E
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t-.
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d
o

*5
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o
F

F

t<
t{

'o
*5,

!
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lq
Ea
.-l
c,
3 '

nn/min

M
d!
'do
t 'o.

-iU0,
3

/ lun

tr
A

E

F,

u
tU.
c,

*5

0,
E

,A

F{
qr

'('.'o '
*5

6it

bo,

nn/mn

P,,
. :o
;o
;tD

*

/l&nr

hou
cc
..{ 0)
'6k
-{kaa
3()

A

o
DE
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.olF

*5
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F
q{
q{

o.
*5

Welding SpeiA

nl|i|/m in

a
."{
X
art

bo
id
t
o

d

a
F

.A

tr
d

I 2 |  ,5207.9 4, Boo 2 2 |  ,0908.3 42oo 3 4,1403,0402, 130

I 2 1,5008.0 5,2003 2 1,0856.6 4,600 3 I 4, 1203 ,0002,125

2 2 l ,4Bo6. I 5,4003 3 I ,0Bo5.6 4,800 3 , 4,1002,9602,125

2 ? |,4406.3 6,200 3 3 1,0705.6 5,500 3 t 4 ,0502,BBO2, l l0

2 2 1.4106.4 6,700 3 3 | ,0605.7 6,000.3 a 4 ,0002,8202,100

2 2 I ,3606.6 7,7003 3 I ,0455.8 6,900 4 :iA 3,9202,7102,060

z 2 1,3106.9 8,6003 5 |,0304.4 7, B0o 5 t7 3,8402,6l02,0lo

2 2. 1,2707.1 9,700 3 5 | ,o l5 4.5 9,000 5 4 3,7602 ,5301,940

L 3 1,2205.9 0,700 3 5 1,0004.5 |  0,200 5 2 3,6802,440l ,BB5

3 + |  , l8o+.+2.000 2 6 980 { .1 1 1, 500 6 aa 3 ,6002,3701 ,830

3 + l , l5o+.5| 2,900 ? 6 960 {,. r.I 2,300 0 3 ,5202,300| ,780

sl+ | ,090+,7 4,0004 t) 930 3.9 | 3,200 7 2 3,3602,2001,690

315 1,030+.+5.400 4 6 860 4.2 I 4, BoC B a 3 ,0502 ,0601,510

+ 5 ,0203.9 5,900 .l B 840 3.6 I 5, 700 l0 a 2,9302,0501,400

+ 6 1,0203.5 6,3004 I 800 3.5 | 6,200t l 2 2 ,840 ,040I ,260

5 5 1,0103.5 6,600 5 B 760 3.7 |  6,600 l2 2,740 ,020I ,050

5 6 1,0003.3 6,800 5 l0 700 3.4 |  6,800 l3 o 2,660 ,000 BBO

5 6 980 3.3 7,0006 l3 6t0 3.1 | 7,000l5 4 2,550|  ,960 630

5 6 950 3.+7,3006 t4 460 3.9 | 7, 300 IB 4 ,000 ,910 390
*5 Ttre heat, tlme and off tlme shown ln the Table ls for 6Oitz.
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ISeam welding]

Zinc Coatet l  Sh6et<

ISeam Welding 0n Single-Phase]

Aluminum Af lgy,  l lermet ical ly Welding'

r  I  .  ' l 'he t lnrer ehould be eo control led that the etart  of  t t re

f lmer ls started from a revereed hal f  cycle or f rom the
plrase added s hal f  cycle to th le data.
r2.  Tlre weldlng speed le deterrnlned the uunrber of  spot

per unl t  lerrgt l r .
r3.  ' l ' l re l reat  t lnre ls.  wi th ln the power eupply + ol ' f  t lnre.

r4.  Tlre el-ectrot le force an<l  weldlng current are adJusted to

get specl f led fueed zoneB.

r5.  The dota in t l r ls  Table le for  the rnater lo l  corr formlng to

52S-l /211. For tnaler ia ls of  52S-0 or 2S-l /211, the electrode

forcn lg t lnnronoor,  
_ 2J _

Mater ia l'  Thlckness
lnln

Galvanlzed Sheets t lot  Dip Zinc Coated
Shee ts

0.8 1.2 1.6 0.8 1.2 1.6
Ele.ctrode Tip. ,n*

Dlametef  r rdr."" 5.0 5.5 6.5 5.0 5.5 6.5

tgltftgl cmlmin250 230 200 250 230 200

t"Culllfn, o I  6,000 1 7,000 19,0001 8,000 19,m0 21,000

EreSt rod,e kgf 350 280 450 400 430 500

Heat Time tu 3 3 4 3 J 4

Off TIme tu 2 2 I
I 2 2
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Heat Time
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Svnt
trl '
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uo3
. i !o
96*
TA
3

qi 'Cl
Ooo)
- tnQi f rs'5 r''|ln i

{aximur

0.25 l0 3.5 L03 0.5 I 190 1 0,500 2.00

0.41 8.5 3.5 1.25 0.5 I 230 22,000 2.30

0.51 B 4.5 I  .00 0.5 1.5 250 24 ,000 2.50

0.64 7 5.5 0.92' , I 1.5 270 26,000 2.75

0.81 b.5 5.5 1.04 I 1.5 310 29,000 3.25

1.02 5.5 7.5 O. BB 1.5 2.5 350 32,000 3.50

I .30 5 9.5 0.79 1.5 ? 390 36,000 4.00

L63 4 11.5 0.79 2 3.5 440 38,000 4.75

2.06 3.5 t5.  5 0.64 3 e
3 490 4l,000 5.50

2.59 3 20.5. 0.55 4 6.5 560 43,000 6.50

3.25 ? 28.5 0.46 5.5 qE 610 45,000 B .00
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Working l lour Table

Second

4lgt"'

r le ld lng

"y
Mlnute

' le  ld lng

Y",
l l |e ld ing

Spot z

7 l loure

r'yy
B llours

7
llours- x

2l  ddYs

B
l lours x

2l  days

7
l lours x

22 daye

I
l lours x

22 daYs

I 60 3,600 25,20028,800529,200604,800554,400633,600

2 30 I ,800 12,600l  4,4oo264,600302,400277,20031 6,800

3 20 1,200 9,400 9,6001 76,400201,600184,80021 I ,200

4 l5 900 6,300 7,2001 32,300151,2001 38,6001 58,400

5 12 724 5,040 5,760105,840120,9601 l0,BB0126,720

6 l0 600 4,200 4,800 88,200100,80092,400I 05,600

7 8.57 514 3,600 4,1 14 75,60086,40079,20090,51 4

I 7.50 450 3,1 50 3,600 66, '15075,600 69 ,300 79,200

I 6.67 400 2,800 3,200 58,80067,20061,60070,400

l0 6 360 2,520 '2,880 52,92060,48055,44063,360

l l 5.45 3?7 2,291 2,618 49,1 09 54,98250 ,400 57,600

12 5 300 2, 100 2,400 44, I 00 50,40046,20052,800

l3 4.62 277 1 ,938 2',21540,70846,52342,64648 ,738

14 4.29 257 1 ,800 2,057 37,80043,20039,60045,257

15 4 240 I,680 'l ,920 35,28040,32036 ,960 42,240

16' 3.75 225 1,575 1,800 33,07537 ,800 34,65039,600

17 3.53 21? I,482 1 ,694 31,12935,57637,612 37,271

18 3.33 200 I,400 I ,600 29,40033,600 |  30,80035,200

19 3.16 189 I ,326 ' l  
,516 2.7,85.?31,8321 29,17933,347

20 3 lB0 1 ,260 1,440 26,46030;24027,72031,680

21 2. 86 17l 1 ,200 I ,371 25,20028,90026,40030, I  7 l

u 2.73 164 1 ,145 1,309 24,055I zz,ost25,20028, BOO

23 2.61 157 I ,096 1,252!zr ,obsI ze,zso24,104 27,548

24 2.50 150 I ,050 1 ,200 22,45CI zs,zoo23, 1 00 26,400

25 2,40 t44 I ,008 I ,152 21,16824,19222.17625,344

26 2.31 138 969 1,10820,35423,26221 ,323 24,369

27 2.22I tar 933 I ,067 I  9,600 22,40020,53323,467

28 2.14 12s 900 1,029 18,90021,600 I 9,800 22,629

29 2.07 124 869 993 I  8,24920,855 lg, l  l7 21,848

i
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Second

'Ebo"t"*

deldlng

"y
Mlnu t  e

de ld lng

Y",
l {e ld lng
,roy

7 l lours

,?Ayt
I  l loure

7
llours. x

2l  daYs

I
l lours x

2l  days

,7

l lours x

22 days

B
l lours x

12 days

30 2 120 840 960 I  7,64020,1 60 1 8 ,480 21,120

3l 1.94 116 813 929 17,071 l9 ,510 17,88420,439

32 1.88 113 7BB ' 900 I  6,538 I  B,90017,3251 9,800

33 1.82 109 764 873 1 6,036 18,3271 6,800 I 9,200

34 1.76 106 741 847 I 5,5651 7 ,789 '16,3061B,635

35 t.7l 103 720 823 l5, l20 17,28015,84018, 103

36 1.67 100 700 800 I 4,700 I 6,800.I  5,400 I 7,600

37 1.62 97 68l 778 1 4,303 1 6,346 l 4, gB4 17 ,124

38 | .58 95 663 758 l3,926 15,916I 4,5891 6 ,674

39 1.54 92 640 738 1 3,5691 5,5081 4,2] 5 I 6,246

40 l  .50 90 630 720 1 3,230 15,120I 3,860 I 5,840

4l ' t .46 BB 615 702 12,907.I  4,75' l 13,522 1 5,454

42 1.43 B6 600 686 12,6001 4,4001 3,200 I 5,086

43 1.40 84 586 670 12,307 I 4,0651 2,8931 4,735

44 1.36 82 573 655 12,027 1 3,745 1 2,600 1 4 ,400

45 1.33 BO 560 640 I I ,760 1 3,440 12,320 I 4,080

46 1.30 7B 548 626 I I ,504 '13,14812,05213,77 4

47 1.28 77 536 613 1 I ,260 l2,868I I ,796 I 3,481

4B 1.25 75 525 600 '11 ,025 I 2,600 I I  ,550 1 3,200

49 1.22 73 514 5BB I 0,800 I 2,3431l ,314 12,931

50 1.20 72 504 576 '10,584l2,096 I I ,088 12,672

5l l .1B 71 4s4 565 1 0,376 1 I ,85E 1 0,871 12,424

52 1.15 69 485 554 l0,  177 1 I ,631 I 0,662 l2,  l  85

53 l.13 6B 475 543 9,985 l l  ,411 1 0,460 I I  ,955

54 1.11 67 467 533 I ,800 I I ,200 10,267 l l  ,733

s5 1.09 65 458 524 9,622 l0,996 l0,080 1 I ,520

56 1.07 64 450 514 9,450 I 0,800 9,900 l l ,314

57 1.05 63 442 505 9,284l0 ,61 1 9,726l l , l16

5B t .03 62 434 4s7 9, 124 I  0,428 9,559 I 0,924

59 1.02 6l 427 4BB 8,969 I 0,251 9,397 1 0,739

60 I 60 420 480 B, B2O 1 0,080 9,240 1 0,560

I

I
!

I
I
I
I
I

I
I
I
I
I
I
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