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An Experimental Study on the Penetration of Ilmenite
System Coated Arc Welding Electrodes

by
Jong Eun Park*

ABSTRACT

Penetrations of arc welding electrades are different by changing welding conditions, welding speed of
travel and current, even though guite same ones.

Changing status of penetration is studied by changing welding speed of travel keeping welding
current constant, at first, and by changing welding current keeping welding sbeed of travel which was
obtained prior experiment constant, afterward.

The F-100 4 mm ¢ rods, E 4301 class, which covering substance is mainly ilmenite and a domestic
representative product of this class electrode, are used for this experiment.

The Marquette’s No. 130 5/32/(4 mm)¢ rods, E 6011 class, and No. 140 5/32//(4 mm)¢, E6013
class, which were produced in the United States, are used to compare penetration with F-100 at same
welding conditions.

The covering substance of Marquette’s No. 130 rods is mainly cellulose, and belong to deep penetra-
tion arc welding electrodes, the covering material of another rods is titania, and a kind of shallow
penetration rods.

The result of this study is as follow: penetration of F-100, domestic ilmenite covering electrade, E
4301 class, is between E6011 and E 6013 of the United States prcducts. At the lower range of welding
current, penetration is closer to E 6013 than E 6011, at the higher range, closer to E 6011 than another;
and the value of penetration ranges 1.65~2.70 mm for 4 mmg¢ rods in the adequate current range. The

changing status of penetration is showed by following experimentalformula.
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(1) &EiE#, Marquette Co.9] Model 95C A.C.I5#HE EAGY o = #iTe chid 2o
Secondary Amperage: 295(Max.) Amp.
Secondary Voltage: 20 Volt,
Opencircuit Voltage: 80 Volt.
Prim.ary Amperes: 54 Amp.
Phase: Single.
Cycles: 50 cycles/sec.
Duty Cycle: 20 %.
Power Factor: 82 9%
o] WaiEHgol g% BE-S 110 Volt A.C. 60 cycle/sec g -&.
@ #:
KS D 3503 Hif&el #simiol s SEEMeERL 9mm T4 KHH-E wALE S
3 & #% &
(A) F-100 4 mmg : o] e KS E4301 o] Bote SReld SELTHAo=24 BEHA #EN
o EMA-e lmenite o]t $8 vl Ax 744 43, = ol fAsE Hozd K Fike BEHE
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Amp o]} (3%,
Table 1. Mechanical Properties of F-100 Weld Metal

Name of KS ‘} Type of Tensile Strength | Yield Point Elongation
Electrode Classification | covering kg/mm? i kg/mm? %
F-100 | Eso menite |  44~51 | 37~ | o=

(B) Marquette’s No. 130(E6011) 5/32"" (4 mm)¢é 2 No. 140(E6013) 5/32"¢: B Marquette Co. 5
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Table 2. Mechanical Properties & Penetrations of Electrodes
Tensile Stre- | Yield Point L
Name of W.S. Type of . | . - Elongation in .
Electrode Classification Covering ’ ngél};g%ﬁ;l.gm 1 (I\lfg}mﬁ]s;) 2in. % Penetration
| |
Marquette’s High Oellulose70 000~75, 000,60, 000~65, 000: ~
No. 130 E 6011 Potassium (47~51) ‘ (41~44) 23~25 l Deep
. o . [N
Marquette’s High Titania |75, 000~80, 00062, 000~67, 000 ~an
No. 140 E 6013 Potassium (51~54) (42~46) 21~35 ! Shallow
2—2 HREMYE
LB B
(A) BHEEy 2l 8 12~16°C e N 2gs SR THREE dos HiEkEe 4 BiHAd
A A
(B) Master 8/7¥5# : 9mm F719] WUEHE 7t 340mm A2 150mm =z Zebd szl gE F4
30 mm =-¢ Y732 40mm 1A o 5 Bead 1588 o (Fig. 1 3+=2).
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—EeA da HEE BAAA BB o014 9 HME#SEES HE #Id wmEeE —iwed da Bk
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(C) YEssHEr S ML 7 A (Constant Current 160 Amp.) :
Working Angle -2 90° ¢ 2(6] Arc Length = 4 mm & = 4t}

Zow ZEARN

Pel A

BT R
‘}\”éﬁéﬁ,’;{ O}_ oll__:igzﬁ’

fh 8y (Specimen C)= Fig. 13} zeh. A BEal maiek chelm

o] Lead Angle 2 10~20°,
EHL %2 Table 835}

T HE 2 National

Clamp Meter 600 SCE¥; Max. 600 Amp. A.C. M Max. 600 Volt A.C.)=A4 gz,
Table 3. Welding Conditions

No.of Bad | 1 | 2 \ s | 4 | 5 s 7 ) 8
5 : ! ‘ ! i o
Welding Speed | o0 | p57 | o — ol 1mo | s | 100

cm/min. \[ ‘ 5 1
Arc Voltage, Volt 35 ! 35 i 35 35 35 | 35 | 35 35
Arc Current, Amp 160 | 160 | 160 ‘} 160 160 ] 189 } 150 160
| i

!

No. of Bead 1
Fig. 1.

2 3
Bead Weld (Welding Speed Change, Specimen C)

4 5

6 7
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(D) MHife kA7 #R7(Constant Speed 22cm/min. EE) : ¥ /15t Lead Angle, Working
Angle, Arc Length %2 ®#] 3 (Specimen C)3t 2 % Bead wjvhe] Wyifl, chelMBIFREE 5 ot
o Table 4 9 row 5K WA+ S+ (Specimen D)+ Fig. 33 7,
g —roA e BEg getd o Manual Welding ol 2.5 Table 414 wvhe} o] 3
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Table 4. Welding Conditions

‘ N |
“No. of Buad 12 | s | 4 ] s s 7 | 8
— - ‘ | : — 1
Arc Current, Amp. D00 |1 ! om0 0 o150 180 | w0 | 180 | 200
Arc Voltage, Volt om0 % s 3% | 3% | 82 3
Welding opwd 0“1/ miti. i 20.0, 23.1 23. 1‘ 22.0 22.0} 22. 5 214 22.5

No. of Baad 1 2 3 4 5 6 7 8

Fig 2. Bead Weld (Welding Current Change, Specimen D)
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74 Q& BAkE @S Cannon FTQL o] Ballows SR & 234 #HEsta dsd 22 47 (Fig 3 2.4
<+ dgh
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(1) tEszgpr ot Penetration 7o) BRHR
Fig. 31 A HRAAT} & sl A Penetration o] o] (b £Fio| 4 Bead rhstige] 743 ol stz Eof
7 A ®EALN)E BES Th& Table 59 Fig. 58 o9t
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No. of Bead 1 2 3 4
Welding Speed 45 ¢ 25.7 20.9 17.7
/

5 6 7 8
19,0 13.0 11.3 10.9

Fig. 3 Maecro pistures showing diffzrent penetrations by different welding speeds.(2x)

I\X'IO.Idof Baad 1 2 3 4
Welding Cur- , -
rent Amp. 160 120 140 150

5 6 7 8
160 170 180 200

pictures showing different penetrations by different welding currents{
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Table 5. Relation Between Speed and

Penetration,
No. of Welding Speed Penetration
Bead c¢m/min, mm
1 45.0 1.85 -
2 25.7 1.78 §4
3 20.9 2.35 i’ —~—
4 17.7 2.15 1 ——
5 15.0 2.52 !
6 13.0 3.08 19 1) 20 w:::-, ‘r.;(t;/-h) 35 40
7 11.3 2.42
8 ‘ 10.0 3.41
Arc Current: 160 Amp. Fig. 5. Relation between speed and
Arc Voltags: 35 Volt penetration

(2) BEERY Penetration 79 ik
(DB mhabrbe] HES fAste] -2 BEEHY Penetration #19) B E Table 6 2 Fig. ¢ <1 emgch

Fig. 2004 29 WiTezd #med dke] 4/ Bead & B Mas G g ot = 5 4imets
o} 7 Bt olzl-& 4mmg(E 5/32"¢)9] WIEEM 7L 135~180 Amp.el RAzk= —auk, B Fig. 6ol
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Table 6. Relation Between Current
and Penetration.

No. of Welding Current Penetration
Bead Amp. mm
1 100 0.85
Cad ?
2 120 1.20 ie -
3 149 1.65 i3 o
4 150 1.42 i —
5 160 2.79 «i —r 7
6 170 2.70 100 20 140 1 it 20
7 180 2 95 wm'd’»’ Corrent (Awp.)
8 200 3.77
Arc Voltage: 30~35 Volt Fig. 6. Relation between current ard
Welding Speed: 22.0~23.1 ¢cm/min. penetration
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P=KEv §1%
{2 : P: Penetration (mm)
E: Arc_ Voltage (Volt) (30~35 Volts)
I: Welding Current (Amp.)
v: Welding Speed (mm/min.)
K: Constant (0.0002~0.0003}
of el K3 Eiffte HBMGT hgp = —mstad.
(8) BiEE Ilmenite R (E4301) 7 2Bz E6011 2 E6013 2] Penetration H#.
(@) sbt7l=] kel kel A KBS Penetration 7] BifR=A Bz llmenite Ffsst EEHIHES] Penet-
ration & H#ste] ©}-& Table 7 7} Fig. 7-& ¢},

Table 7. Comparison Between Penetrations
of E 4301, E6011 and E 6013.

Welding E Penetration mm
Current |-
Amp. | Ego13 E4301 |  Eéo11 P
- . E “|x:eazet ,/*
100 | 0.85 | % 5|0cEeos % N s
i : % ° iy
120 102 1.20 1.67 §a o//ﬁ/
: i i R ——
40 ,  1.66 1.65 2.55 1| w8
EN 1.42 e W
160  1.83 2.79 9.53 Wolg Crrent Camp
7o 2.70 |
2.27 2,95 | .12
;ig ‘ 3.77 } 3 Fig. 7. Comparison Between Penetrations of

E 4301, E6011 and E 6013.

Table 7 s} Fig. 79 HEBHRENA A ZEds o3 e A& & 5 9.
1) El#E lmenite & (E 4301, F-100)15#:4%] Penerattion -2 2@ # ] Penetration o] -2 E§013 =} Penetration

ol - Ec011¢] wRIREel 2 WL > e 4 Penetration & E6013 3 slgm & fHEA:
E6011 3} 7tget.
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