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Abstract

In resistance spot weld, the assurance of weld quality has been a long-standing problem. Since
the weld nuggets of resistance spot welding form between the workpieces, visual detection of
defects is usually impossible. Welding quality of resistance spot welding can be verified by non-
destructive and destructive inspections such as X-Ray inspection and testing of weld strength. But
these tests, in addition to being time-consuming and costly, can entail risks due to sampling basis.
The purpose of this study is the development of the monitoring system based on fuzzy inference,
aimed at diagonosis of quality in resistance spot welding. The fuzzy inference system consists of
fuzzy input variables, fuzzy membership functions and fuzzy rules. For inferring the welding
quality (strength), the experimental data of the spot welding were acquired in various welding
conditions with the monitering system designed. Some fuzzy input variables-maxi mum, slop and
difference values of electrode movement signals-were extracted from the experimental data, It
was confirmed that the fuzzy inference values of strength have a +5% error in comparison with
actual values for the selected welding conditions (9~10.5 KA, 10~14 cycle, 250~300 kg,). This
monitoring system can be useful in improving the quality assurance and reliablity of the resis-
tance spot welding process.

A

)’

S5 5 9l
LA A dEAded EARERLS 239 A o
X-rays o] &3 vlapaizistel 541 HS o] 43
AR AEAH 2Adoz gasle FRee $AF Ax/AAAEY 9 mE £ s Fxhélo
48 25, And, ok oW HATA Fo A% £859 279 AL B A} 3o
& sz LAl et A FABLs A, olfd AL A7 A A v gE
32 z] 0. =3 =
R Alo] 2w, " AdzEee] FAL vFE7|oe
*3)9), oozl () ARl Eoh O deba] AR FASES P4
reled, Axdgta A gE A7IaL AR S Felr] AsAE S el



645

] =4

9o

eped Wlsh| A ApA) 2o

T B —
Mmﬂwuou do 5! 5 oo wo A
I T’ R na !
o} ﬁ,@l Zu_ﬂ.\“w/u_,_xuﬁlq ﬂl&movoﬂn_i.ﬂv of
3 o q —_ _— 5 By ' L _
fH T PP CEEEEL SUATITETIISEL
o X 21} =] ! ] ke —_~ w0 T T X
o r® LT ) EAT LT TElilee R R
o) . —_— . N Lo DL —_ 0
g e Y omdrwuﬂow SaieE’ ﬁﬂm@_a%%#ﬁﬂgﬁ%
W T PRty g 2 ow ™ F A T q R
e o W ° ™ T = _Eﬂ T - L_‘_L ao K= ofn B oo oy Ar o Ko o "oE
do o o oy X B B¢ B G 1&@%&1@%
% LEO#PM _ wRF ;o B e T o WX R =
Loloﬂu MHLIHIE_‘__Q\B' . [e]] _X il ]:ﬂ]prx‘o'ﬂoc,ﬂ‘.mﬂ_iﬂdvlo]lo&om
© T W4 N Y T R L G S ) I %
T 7 N TECHGE T TR . R A i
u oo of ﬂﬁﬂﬂymdﬂ 00 tdo nﬂw_;:_ﬁﬁ}ﬂ@.ﬂu%iwo%lﬂﬂ
; =0 4 - o g K .- ,
&ﬂe ~ o T KA lwl o w e WM oy T E L e R s Wouw
o 1_MI o bl i — i K w o~ N olo (= 4 4r M o oo T = T
sy FmEREc 4 o TRREST 2P E Ty B R
OLO.MUA T —— X o i1} —] o .AZOT.UO_ O\ﬂA‘uAIrl
} ‘_T ] = < K- © —_ T | .0 HT E_ﬂ . —_ A — o
KR E.# ﬂml Jl‘MM_ relry <M AT < —_ -;1 4 —n o ‘mwﬂ ET 5 .OIOLO O.%o \_oTum:\_ [ 5 ‘wl-_
x 24 i T oo M ¥ o nk ) U R ol
aolaum_ro ﬂxr‘.&oe_amﬂl o ﬂuﬂu%o%&odrﬁmouﬂ..gﬂdvﬁaoiJ_;:loIOﬂ
- F do = i e
TP EUIEAS T rERs g EE cEE AT e
Pr TorETL ® oo F u s il
LET SmimTEl RpdBpt T e ®x w o Lo X
Wl ar e &Ko ORE G o o o O E o XX < w ok N oo
N TE Mo oo T RE TR ﬂﬂaﬂo]ov_h . tht].m.\_]ﬂlﬂ_-ﬂmhiﬁ
K= O#OJIJv.lQ#O OL ﬂdﬂ.\.nn:n'\ﬂv X‘q Na sl
N X T X R a,_l}_,__zc,lou,_/f ofe b
o oAr =e — P T =5 o o ..
3 ﬁxﬂ%%@%%ﬂﬁ&%: SECCHC NS
s ST 27 " ORE _ ° = F = =
%W&%%MMAT%oﬂo%m%ﬁﬂ %m%%z%ﬂ?ﬂﬁﬂd&l]ﬂ
w o — - 0 2ok W = T 0 T o o K
G io o) — ®E owo 0?_ = n vl O_L ~i 3 JH mo '
= R R 2 U v
‘olubluﬂﬂwVﬂo&owJ%‘ c_an g P Hw.laﬂdﬂ_&;lﬁnlwdﬂmﬂl
g T - Mo ulo o N <oy 4 o W= = oH N e BN T AW
IW = oo ! o < " %o T oo i ﬂm Y e - © w MA.TH ofe _ woA e m T = x
N % c_o_o c,_o,x_ﬂor g_oimu ol = K ;ooW eL‘. mxlﬂnﬂﬂlmg ﬂ_p%mr oy
ﬂu.oammz&uT]mﬂﬂadnﬂ womME ﬂLATﬂNﬂ[MX Vnh!ﬂou\lﬂ_.v_ofﬂ_wq wlMo
o - N o) — ~ Ho o ~ R o 8 p = < o
mjhﬂzLurmﬂovﬂHTﬂLmoﬁawﬁ S L %WMﬂxﬂnoﬂau?%%fra
M?ﬂﬂunoﬂu%ﬂr;_.e#a_,oomBoLowmﬂraum Wo%inwa 7qmﬂﬂoai.ﬂa:_w.ﬁﬂ1ﬂ|o_a
w o T odo g ® A T o Hu + w3 %o 0 o o ﬂr " = K o RO R Jﬂl DS
T S LlP}Aﬂi%zﬂo CNCTIN - g o g BT
TRy lezerlT BT EeEITEe a8 .
- o = w o do L o ¢ o o ™ R ! -
ﬂauTxmﬂﬁ.% ,mqlourﬂov]iﬂuﬂi e g urﬂiﬂmx%]ﬂ N
&oowo_oicToTﬂnﬂ = ouflﬂuﬂdﬂﬁdﬂidﬂoﬁa;ﬂ? ,_,.WITMT%O %E%
%ﬂﬂﬂﬂ%ﬂo@%m E#ailﬂoa%uwéﬂo;oﬁﬂmm wasno_oa,ﬂg,mo
Mo T rerl i tarat iz EE T ERTT
ol &Hm.au&é ™A R odo . G e 5 7w
T ofo ° R Yy ke ol o [ T e X B do p:t e oI o
R T By aMJm_;Ee&_Laﬂur T iwRIE
LR e A ET A N e N RN e T TR T T T GGG
QL,mayﬂLmu _.WW_MWHTOAW u.xﬂon%muf%;ooﬂﬂ@gaﬁa”‘_ ehﬂwﬂr‘ﬁlﬂLVWFﬂaa_anF
~ — i !
Fil=ri mq_ oo or o T op Tm de X oo Do ow N dr ak ~o = 1vm|| o wn e
R i C IR M i - N ST T 4ot My ¢ o op 3D
E & o X oF do e o o NE % © (.m\ ® * i d» o = *
Lol el - 24 —_
o oRm oo o ) o 5 TS U il
oo T do 7o

] 9)ak

©
&

} (shunt effect) =

e

1&lefl At -7k ]

sl ot

G|

Fig. 1ol 4] ©
h= /(]

e

o] o] ¥

< A2

=2
T

-

1.
]
7§ <

3t

B

o] el el 43z

g

k]

taiet =
A 2. o] F-o] %] %]
Z\‘J]\D}'. w]—a}/q o]g,]

[s]



646

HER
o] At AlH Apole] HEII S mabge

24 dAss olsadaE Jepde 7 1= 5
< (Joule

2
2

2] gl od =83} (thermal expansion)
o] FollA A 2= AlH1} A
3 A" HEwol e &g
Foll 7lale Zlelw, &
W Ed Aol & 4 ol Flez Edyol
g5 A vedel, o] FrkellAlE A
Azt Ao Ao g Frish, o FTobT
Zholl A o] &3 A 7kell v gk A5tE] Al W}
o] 7| wiggolrt,
P57 Al Este] Ald sl Ao o L&Y
I R s | R B e R
ol A= shatedg Adslx e At Als
o] Frhgo] A8 FHadle] o] Frzhel (el A
a8 Alde] Ao o|&vh, 7t el -
7 1ol oo A&sw &5He Fitos

Folo] odatml mAo] A vIjbHg v o4 g
3hx] E3sla shsl (embeding) o] ot #=pel A

2 A @A wolnl, o Taelde) &4
=
—‘I

H

o

we) AEe] wishEel 971 vt
HE 7ol

dAlste] G4 o] SR AT At

FEEY

A7l fdele] = 71% g
Ay Az HiE Az e A 4w
A&, A5 zihsteiat dsidel web A= o
sig oz vepusdl, elEdh 42
W3t gl of] sha] olatel] ulZteAl wbg-she] &%
I

3ol FAol ojepe 77 wiolch,

R

3
eleloez FAE 4 olir AlaRlS kst &
AeF B4 5 s FFE Al AFel AsiA
7b gelsts, Eepibadel efstel A AR el E A
& 4 Q% dhs lolvh o % f& A EA A
oA odojal dlelefo} algzdn Ald A 5
A 5, 2 deleed vger $HAAEE FF
# + ode HAdaeEs Askach

SAR e Jge nlAe FAHgEE A9

4t

] - 2
AR

o

3
o4 5T vebili AR 5k

e]ar 8% (expulsion

Pont | Point 1 Point 2 Point 3 Point 4 Point §
Slate
& eldctrode Point 4

movement <

oletetetede
BERKIRLKS
SRR
SREEREEIS

Welding time { Cycle )

Fig. 1 Typical electrode movement pattern during
spot welding process.

vhebulis 2o - 2 2gke] Aol (difference), §4
7LokE (force), L2 A17k(time) &

T

| 5 (current),

Pbere g
ojgial 4]

H
A FE A oA JEERE AR 2
1

i
(o]
2
o
atay
=9
=
o
lo
b
;
Bl

r

ol
o
)
o
=

B 45 Folzl glsle] HAl FelaEH (fuzzy
clustering) 718 o]-&slo] ludg7te Badalod

t}. o] 714+ ## C means Clutring 7]# & A&
sl

ol el Xeof cigt Y37 { X, Xo -, Xl
v} sban, Fslaa sbe Helsele] AFE ezt
shab, o] W < mola, clustere] FAlL Al (1) &
Folzl e,

ﬁ]vkak
==L , =01, q) (1)

=1/ B )|
=L q), k=, n), m=>1 (2)

o] 7] 4,

do= | za—at | 2h5 Aok, ol k



HAFEE o] &8 Mg A LAY FHo} Sl 647

1 1 1
. = by
#0s Ene so0R
z E £
2o sous gus
£ £ 5
S04 S04 Soa
e b »
anz a2 SN2
o @ =
a U Upt-- :
DZ 03 04 05
Differohee
Ditference
1] 1} 1T
#ont- “na gon
= 2 =2
Eog EUs cus
£ £ 2
20.4}-- S04 Soa
» v w
gu.2 / ERRVAE &o2]--- 2oz :
» .
of = S - ° ;
3 g ) P 00 ¢ 10 12 14
rrort orce
rTent orce Tne

Fig. 2 Proposed membership functions of the intput variables.

A wlelHel A A Feisele FAlzkxlel A
24 ofulglel, olwl du=0& utEshe LE ohe
3} o] Aol ghel,

L={il1<i<c; dw=axe—xI|=0}

o, vhe o

of wf L7} FH el HAIY
2] Al (3)& ubHdict
vh=0, Vi€liand 3 vhi=1 (3)
olgAl odejAl Fejze|e) T4l 4 (4)9 A
el ZYHY SFeeE #aga) 7)o
]nghglv{illxkvxillz, (m>1) (4)

ol# A atedAl clustere) #4& ohd® #x|
zelofd ol - F8 w4l ehgo FAlow Agsl
3

o
O

N
_{

o kg N
f

= =i = T
govl, ool Bja guolee] £kgaE )
w2y E A
X Fef e mel olaf P Felse ol
FAS 4B GFon b £5PE golel)
3z

I
i

N
—_

ot & o x e X
o2
oo

x

=4 , e
Heldro v adghpd A9+ 9y

Theas xFEe #Hzl £53ba= "HE(C)
A (g 2

08]""
06]----

04" TYE T
02 ¢ : : /

0

250 300 350 400 450 500 550
Strength

Fig. 3 Proposed membership functions of the output
variables.

o G4z FolAol, of714 Fitghe A Fuja
ge] Z4 (Cl, C2,C3, )2 Algshaich
|2 A Foledxl qJewgFo 42434 (mem-
bership function)+ Fig. 29} 7to] e}
S(small), M(medium), L(large)e] 3748 A5
gov), Feusel £4% 2o 24q4t Fig
33} #+o] VS(very small), S{small),
L(large), VL(very large)2] 5712 4
WA A A zgel oele] 855 ole

=
a2 w3 mglel A HAgE Ax Aol 4
-
%

SahE bAE AR vebid, e

E9) ol FolAm Fe w4 ghe) 84 B (streng:
th)i= Aua 3ol olste] Folzlch Zeul4qk
&4 7% (strength) o] 44 A= wiwlx s 2]
S %obol gadel gow debdel ofwsl oy
At A s Aol Aol Adsl el



648

IZA

Table 1 Look-up table of the fuzzy rules.

}fl%l'e MAX| Slop Deiflf:(;r- C:rftr "|Force| Time Sgt%n-
1 L L L L L S S
2 M L L L L S S
3 M L M L L S S
4 M L L L L S | VL
5 S L S L L S S
6 S L S L L S
7 S S S S S M | VS
8 M MIM| M M S S
9 L M| M M| M S S
10 L L M| M| M S S
11 L L L M M S S
12 L M M M| M| M L
B M M| M| M| M| M| M
14 L M M| M| M| M| M
5 | M| M L M| M| M L
16 | M S M M M| M| M
7 M M M| M M L | VL
18 | M| M L M | M L M
19 L M L M M L | VL
20 L M L M M L L
21 | M| M S M| M L L
22 L M| M M S M | M
23 M S M M S M L
24 | M S M | M S M L
25 L M| M| M S M L
26 | M S S M S M | VL
27 L S M | M S M L
28 L S M | M L M L
29 L S M| M L M | M
30 | M| M S M L M | M
31 M| M L M L M S
32 L M M M L M L
33 M L M L S M | VL
34 | M L L L S M | VL
35 M L S L S M | VL
36 L L L L S M M
37 L L M M M L VL
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Table 2 Welding conditions used in the experiment.
Welding Welding time T1 Welding time T2 Welding time T3
condition F1 F2 F3 F1 F2 F3 F1 F2 F3
Current Al O
Current A2 O O O O O
Current A3 O
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