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Monitoring of the GMAW Process Using Infra-red Sensor
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ABSTRACT This paper discusses the application of infra-red thermography in monitoring the robotic arc welding
process, and it's potential for weld bead dimension and seam tracking control. Thermal images illustrating weld pool
formation dynamics and heat distribution phenomena are digitized and their characteristics are measured. At each
sampling point the maximum depth of penetration is recorded together with additional information regarding weld
bead placement in relation to the seam location. Deficiencies such as incomplete penetration and lack of side wall
fusion are readily identified and can be remained during the process. The technique can help an increase in
productivity and weld quality by minimizing the amount of post process rework and inspection efforts needed
otherwise.

1. A&

AW MM e Fadgn] 2 A4S ST gAY 2 24 Bopd] Be As AAgY
o FAdE $HA Fdd MME §4 EWF YA ¢ Ao AFEH HIYE YUY 3=
d o] §HI Atk o] AAHE FHEFH U F HEE HAH RS Wil SHY ARG v
+ =S ule] 2R 22 M M(microprocessor)oll FEF Holth & OB ol AExle] ooy REog
o] &HI Ae &AW FHY AUNH AHE ;U (on-line)RUEHT = Aol £ AR Axe BA
He JRe 259 3 9 &% EX AYL2RyH Y 4 ok M MHE §3) 4Yn A
F B e ddel §39 AT AHE HolHsuE o] §HAUTH. HeM MAME AT Hzo
e $HTHE AE3 ] AT LT LS 35t THHSE] Hisle] b E TR gW
g 2o BAE AR MW AT HYH stuiegts $HFY 5 $§AY EW 2% H¥E
EUY 3ted AHgEden FHHSEL] HIE §UZAolg WHAIT oo B B 2% 2
2 7153} oA HIEEH HAM 94 F Apold] HFH @A EAHGE A& B FUch
F7I2 gUole B35 4829 FHHAN 3AF IW L& YA ol WA e A4 BwA
T YEbdP. ofsf# A HMH Ao $PE EW 2L AAYY HTEa} §£YPolE Ao
e o]4d 4 Yok AL FHI & 4+ Ut

2o dHe $3F FUY YA AT HANEE FAFoT $HTH WS EA O
s Aol AAE JtsEAl ok =F Aage $PRAM AT WS ALy 9 FHsS
ol 83ty He& FHIE o|4FHUTY FHG &L oF $HEY AFHoE HIH ¢ Y= &
W zYPAMLA =€0] Hed wlZy Ze FAH B $HA FFulch o] 71&L sbHo] HATE @
o] ARt F2F 840 Had USS Hadshy] 4 2 A JAME sy A T2
o] &" & Ack. flelH dFFT J1&EL AWFLE HIYH AAE o]4F AE 21 o]3 $HA &
AZolE EUHYE 37 A% 2 39 AZHAY 23y 44 2H g FASHo] B A
B3 ddth ohA A ©A A HEE £ A= £90ZHe] W B wAsE o
2 7hx] EAIFES AT + A& B Je $Yo AFHA $FE FARGE FYF TIL
7] Sste] YT ALY FES Y WaHAW FAF AFE 93 AW = 2839
HIE SN WA Aol 2 $34 £33 BUEPE ] fF HH Mo @AY £HA
3 A2®E A EAEAIN, FFY AL FAY +FY & Y= Bk F & FAY JdE JaH
< obF AR G At ojAL A o] =FA £FH A wiF ot

2. $3u=e) Held MME ALT ¢3H 23 2UEY

ER 7I2FE ol2 & HE ol 83t U] 4¥S AAIAT AHEE AY WL Zo] 200mm,
% 100mm, 27} Smmst 10mmTAIY AFTE ALGEYTE ofAAR, SHAY, SHKES) B o
7HA] RS ES o] 43t B =W EF o] Ebead-on-plate) & WS AT 2Ry £ Ao &
A ALFA} dFHALH o)A 50-350 AmpsH$]o] EYAF 1636 VoltsH 910 2 AL L 7}

—142—



Ttk ¥ YRS Y] oW FAMSLEY] 2FHE IFHL Y+ AFrT £ AVl HRE
B A2 omdlasty] Y vl HAFEHE Ag3Ach o] Adpe EW6= 27 HIESE,
HE o] S£8ZoNEA EAIGL ol@I)E 100788 e $HMS HBES BT ed ol
A APHA A2o HHG olgste] T4 2YHSED A5 dAAZTE o 43 dBdse 5
HE WYo) RBAST e A vpolanngAMTEE 23y ¢ Atk 43S HFH2E £
Aeted g3t B vPolAR TR AMERE UE HgEe d5FHoE E8d & Aol ¥k w|F
o]l Aol A% FHLAE AN AFF 4+ Uv FHol AAW s EAAL ouH 4 ¥
2 A Wi 0|48 4 oot AAMPLE FAE HAM sivfizte AN FC HAH Y
Hjte A3E AP Y 2E=e] yaIdo AT H4Ph ofAXNE e Helx AXNHUAR &
A= g Ry AH B £ JF AF W Aor|MY vpo]ARRZAME nlHL &¥
GAE AR dAFY Utk o YL olnjx| THY 2 u|(image frame grabben)E O] FEH I ojulA| &
M E2eaPg o83t FYstglch gty FAES 2% 30 ZHYoln] FFE ojulx] REFERD
AR gL 2% 5 ZHYelch AUNE mAYL 24 THS A cDHlolA FAH o AMAHUSL
T £4%E F¢ @ g0 ¥ de SHEXY X HB & sHeH Tl A st Ewod
= ARE + U5 sy 2 12 o4 AuEe] WiNEE vebdTh  150-250 Amps®] &H A,
20Ve] o} MY 2 cr/min &) AT LAEE, 12mm fillerd AT 2 em3/he] A= JF2FFES AHE
sto] M =AEHE S AANE ¢4 AY F AEHS I 2HUE F 527 FJAE AA
st RS dut g qAH F gHul=o X4E SHEY] A oA 4 ZEIH, Image
Analyst, & ©)83%th 198 2+ HIEED vEgeolg UYEWy] SF 3§ 239 dejth

3. ¥ Fa =2 2 HE

47 smmot 10mmTAL] AFAH] F o2V F H[EEF, v[=xojot BAE TH=e
340 Jebdh $3 AT $HEEANY F4F TS S A FAE W T &¥ES
S$AUF Abololls YA WAL A< FHs] B ok T §H A ¥EY 4
AE 1% 56904 Hel 2ot oyl §4 YL E 47 smme 10mmTAIS] A AHe] o3 2
AP W (isotherm radi) S HE I Zojth 2 o2& I F BolAle UFY BAE
#HAA AWz P 2718 HEAAE & # dvs A& & # Aok FAHoE T2 I
& ol g3t Huiy] 8§ 4¥Y Fo: FHF 8HAY FF(seam tracking)yE BHE £ Atte A& B
Zoh 3% B¢ Ao F& FAL Y A4 Sdl F2 A%IIE dehted o]He 34
% Z(seam tracking) WEF S vebdch F& WHHo] A= JE HelA olsk T2 T22aTI W
S A AT AL Y AFoM $HE & UAEF 3] JF¥ Aol w|F 2Rtz 43
t ¢ HEAE ¥ FAAA Jleo] AFHAANT, I 7€) Mg FIE] HEe o @2
AF 9 7jENTe] RITh AE Bo] FYMFEL VYL M2 HF BAIE RI flen HE
o] B3t 3] okze AR F¥e AL LAV G FAEE, $FAL] Wi WA A7
stojof Frh F71E Z2REI $FFFY AT @Vl AiY GIF ol YAFA FV/FAE A
43ke] o] 71le& HF oo ek A ABA A A GRHAHY HEe BVl HAHA &4
A7t gtk A oy HRE €93 A A7 AFHAL A

tin 1d
<A

i of Ay

N

4, F3EE

1. Ramsey, P. W, Chyle, J. J,, Kuhr, J. N, Myers, P. S., Weiss, M., and Groth,W., Welding Journal, Vol. 42, No. 8,
1963, pp. 337-346.

Chin, B. A, Madsen, N. H., and Gooding, J. S., Welding Journal, Vol. 62, No. 9, 1983, pp. 227-s-234-s.
Vroman, A. R. and Brandt, H., Welding Journal, Vol. 55, No. 9, 1976, pp. 742-749.

Hanright, J.,Welding Journal, Vol. 65, Vol. 11, 1986, pp. 19-24.

Boillot, J. P, Cielo, P., Begin, G., Michel, C., Lessard, M., Fafard, P., and Villemure, D., Welding Journal, Vol.
64, No. 6, 1985, pp. 209-5-217-s.

Nagarajin, S., Chin, W. H,, and Chin, B. A, Welding Journat, Vol. 68, No. 11, 1989, pp. 462s-466s.

7. Chen, W, and Chin, B. A., Welding Journal, Vol. 69, No. 4, 1990, pp. 181-s-185-s.

SR W

o

—143—



l Welding terch
Power supply conrolicr

A

Central computer for btz
precessiag 2ad contreliag
Infra-red detecter 4
Digital data tnput
y Imterface
tafraced image
electronics
Vides casmetie recorder
and mealtar

Fig.1 The schematic diagram of the experiment
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Fig 2 Metallographic weld sample showing
measurements of weld bead width and weld bead
height
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Fig. 3 Arc current versus weld bead width
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Fig. 4  Arc current versus weld bead height

Fig. 5 Isotherm radii versus weld bead geometry for 5
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Fig. 6 Isotherm radii versus weld bead geometry for 10

mm mild steel



