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An Experimental Study on the Penetration of High-Titania
Potassium Type Coated Arc Welding Rod

by

Jong Eun Park*
Abstract

The penetration of domestic high-titania potassium type arc welding rod has been investigated

experimentally.

current than welding speed and thickness of base metal in range of 6~9 mm.

The penetration of this type arc welding rod is influenced much more by changing welding
Values of penetrations were 1.00~1.75 mm for 3.2 mm¢ rod, and 1.10~1.86 mm for 4 mm¢

rod in adequate welding current range.
The domestic rod’s penetration is deeper than same type rod of the United State’s product.
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2. 1 REHAHE
(1) obob2UEiisE; Marquette it model 95C A.C. i E At g or 2 #e o3 2.

Secondary amperage; 295 (max.) amp. Secondary voltage; 20 volt

Opencircuit voltage; 80 volt Primary amperage; 54 amp.
Primary voltage; 230 volt Frequency; 50 cycles/sec
Duty cycle; 20% Power factor; 82%

(2) Clamp Meter; ofol a#:49) panel plate o] 4 ¢lo] =& WHERIEE ANM ekl whol HERLT
BRMS = AES 2R o2 % bead & #4439 National Clamp Meter 600 S (max. current 600 amp.,
max. voltage 600 volt A.C.DZ A otolaB/iifEel BIKMEE & bead vl HIESH o}

(3) EHEHMIIE; ofolaffiEd 9lelA] penetration o] & WS F& A& WBEEN, BuokE, BE
B BEEC . o] Fol AN BEEET HHBEEE ERSHA 4 FEHBEIAE od Aol bead & —
EREEA 7l Kk oigi o el A & HRdA A E RXgnt BPEERY BEIBHENKNS RE
SALERE 50~1,000 mm/min.q]l KT 5% BEIEiE I8 tipfSge] Fig. 14 BE vl o] solid tip
+ HfeMiEA A BEECl = % o3 #TEE .

o] HEE FHY MR Fig. 2004 B vhe o] FHSA & wlol bal penetration 79| #E)2 A 7
AR ek, T HAh 4TIt BASHE A o] MBEKES FASA d& B8z Cl4rt A E AL FIA

Fig. 1 Auxiliary equipment used to keep constant speed of travel,
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Fig. 2 Pecnetration lines welded with and without auxiliary equipment.

3 ol ok, Abale] ®AE HA9) ZolE 3emolm, BHEEMS ofatel WHL 150 amp., HE 22.0 cm/min,,
BT 9mm, HEEHEL>- B-1500 4 mmg 3
2.2 EEROI GEEE ME

(1) BH AT KSD 3503 U5 Aii0manel vl @i g 9mm 2 6 mm 4o MRS @
el

(2) JhHHE

(i) B-1500 % CR-13 #; o] ¥ KSE 4313 kol pifi(bel ebfifs o 24 Aptgee] Hivigolw 8 vt
A 7hg dR e wel HREE 2EEEDe] Steld

Lol utel = HyE F oEAE MEEY gong 2EAE £4 1HEX(B-1500 - BB HAE, CR-
3 éﬂﬁﬁ%ﬁﬁl%ﬁkiﬁ@ﬁﬂ:) PEslyd o size 4mm¢ Y 3.2mmé 9 ot

(i) F-100#5; o] < KSE 4301 fkole] Uvliiel Ebfo 2 BEMLE @RS} o] o] vejoAle
A A= paEE 249 hiolch. EEk{LEl RS} penetration & fL#SHY] Fohe] BT Aol B
L #REL T &ite] = size = 3.2 mmé 9l o}.

(iii) Marquette’s No. 140; ol #-¢ %E E6013 fi#mo 24 AR mftkd 9B BE®S penetration
o HEd B Sod BEa dold. EEHE BEY BEE MEEI dod WRERMRE Marquette
itel 1 Bl

o) 5 iphrikol °d MyEBO MY {LF(3 penetration 2 vh&- Table 15} 2. (41(51063(7].

Table 1. Mechamcal Properties & Penetrations of Weld Metal

T Tensile St Strength “Yield Point |
Name of [KS or AW.S. Type of \ ] PR B
Electrode ) Classxﬁcatlon covermg \k%mmz(m min. (orki/lgl";;) iﬁ(lg:]%atifn‘?/:) ‘ Penetration
B~1500 ngh Tltama - k - -

l KS E 4313 ol | ases2 38~45 >17

CR-13 ; KS E 4313 | " \ >43 >35 >17 |
F-100 | KSE 4301 |  Ilmenite 44~51 37~42 >z |

Marquette’s | High Titania | 51~54(75,000 42~46(62, 000 ~ !

No. 140 [AWS-E 6013 bofussium  1~80,0000  ~67,000) 21~35 | Shallow
2. 3 HREYF

(1) RERITESE; FEH Ml S2E R 2 bead & MBS RMINS WES % bead & YIBISH] BA
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PIEiSar 582 bead B A28 BT /RS W% EolA 30 mm A& FF 3= bead HS RIS BRI

A2 FgstA ¢5% 35mm 4 o3,

G AEREE: Bl 10~12°C 9 2 wipsl BEEBABECId o Bk fefiid 2 mRAZR.
BRI HE S %BiEdS #Hco lead angle & 10~20°, work angle & 0~5° f= [8)(9], clelzx Ael=
4mmg ] AE 4mm, 3.2mmg o AE 3mm S P 2 Al

(i) REEBIER I penetration & WEMS B, FIEEN, HEdEA o2 el AFRAA =

A BEC mMEERRE ElA dezr de 20k BifeEA HECI .

BEHEREES catalog ol & HEREY 716 wo WMESEENC 2450 ez HEBKHREE o
A g e

A el At WiE —wohAl el ¥z MEE sbA 2 shle WrE: —wsAl dya RiflE g

grimel 9 7 Z Al EH shgl o

W %) catalog o] ofdl4 BEEHE ot Fole = WA FHE —@ohA HotdA #HEE 8k
B (PR 95, o MBS bead & N WIEMIEE b @AM z MEEE —ibA HHEeA
EHE A e BEA.

(v) iBEEES #A7 RBRER(—ELR 110amp. ¥ 160 amp.); catalog o] x4 5 B-1500 ' CR-13
f 4 mmg o BHWEE 120~170amp.o] 2. (4], (5] SBEEM o oF 2 Rk 5/32 (o 4 mm)g o BIHMEE
120~175 amp.©] BH(10). weka] of WEAANAE ik HF 2 o] FoEE 4mmgo] WA E 160amp.

2 Ed o, 3.2mmg ol BT 110amp. & vlsbA] WH o2 REN . & bead B BT YA E dA
B bead o fF#E#A0) B8 bead o WO} GES HRBMINC] 259 bead B F& 2 £H AMAZ

3.2 mm¢ B(FH 57 9mm 2 6mm)7 4 mmg (R FA 9mm)ol| $H3 HEELS oS Table 2 2 3
o} .

Table 2. Welding Conditions fer 3.2 mm¢ Electrodes of B-1500, CR-13, F-100, and
Marquette s No. 140

No. of Bead 1 t 2 3 a4 | s |6 |7 | s
Welding Speed cm/min. | 1000 150 | 175 200 | 225 | 25.0 | 30.0 | 40.0
Arc Voltage, volt s 30 |30 30 |50 |30 |30 30
Welding Current, amp. { 110 | 110 I 110|110 | 110 110 10 | 110

Table 3. Welding Conditions for 4mm¢ Electrodes of B-1500, and CR-13

No. of Bead 1 1 { 2 | 3 |4 | 5 | } 7 8
Welding Speed cm/min. ©10.0 15,0 j 17.5 | 20.0  22.5 ' 25.0 . 30.0 | 40.0
Arc Voltage, volt L% B |3 35 35 35 3% 135
Welding Current, amp. ] 160 160 ‘ 160 160 ; i 160 ! 160 1 160

o] REMUEIA fEgERsel BRE WES BELES o2 fie] oz F8 27 bead £ WF o E RKe]
of 7 (bead #HH8el {kal), =2l fHe] Zow Yy 27) bead e UF o)A slag 7t phfele 5 fF¥ElEe] £
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2atgled 3.2mm¢ Wrt Ammg W o BEZF T H By,

(v) BEERE B RBERER(—EHE 20.0 cm/min); A b, BEMES LA Rl
A A A4 FhHooE REHE BES 320 20.0cm/minofch. o] HERZA WES —FEoAl #igch
w4 oS Table 4(BH 57 9mm 2 6mm) 2 5CRHH T4 9mm)el AT viot 22 WHZA % bead &
B o
Table 4. Welding Conditions for 3.2 mm¢ Electrodes of B-1500, CR-13, F-100,

and Marquette’s No. 140

No. of Bead |1 e | s 4 |5 [ e | 7 | 8
Welding Current, amp. 60 80 |10 110 |120 |130 |10 |160
Arc Voltage, volt 28 28 30 ; 30 30 30 30 35
Welding Speed, ¢cm/min. 20.0 20.0 20.0 i 20.0 20.0 20.0 20. 0 20.0

|

Table 5. Weldmg Conditions for 4mm¢ Electrodes of B-1500, and CR-13

No. of Bead 2 | s e s [ e |7 ] s
" Welding Current, amp. [ 100|120 140 | 150 ] 160 170 | 180 i 200
Arc Voltage, volt i 32 130 30 ‘ B 3B 35 30| 35
Welding Speed, cm/min. | 20.0 | 20.0 L 20.0 20.0 | 20.0 | 20.0 20.0 | 20.0
o] REGHEY] MELrEER R U BEERA Fe @Y For FY 27 beadd N e clolzffiFrst
o]¥] 32 bead A E RRsIAoH £ Y Bl 4mmg Fel M 27 bead 7+, 3.2mme ol = 371 bead
¢ WEA SERe vgtes o BHEe WHOH ETFE Ehdd

No. of Bead i 2 3 4

Welding Speed 10.0 15.0 17.5 20.0
cm/min.

" 22.5 25.0 30.0 400,

Fig. 3. Macro pictures showing different penetrations by different welding speed (2x).



No. of Bead 1 2 3 4

Welding Current 60 30 100 110
&mp.

5 ‘ 6 7 : 8
120 130 140 160

Fig. 4. Macro pictures showing different penetrations by different welding currents (2x).

Table 6. Relation Between Penetration and Welding Speed

Welding Penetration, mm
Speed T T ‘ y . T T N N - -
em/min.| B-1500 | CR-13 | \(M*%  F-100 | B-1500 | CR-13 [\M* | F-100| B-1500 CR-13

10.0 1.03 0.98 0.74 1.08 1.14 1.27 0.86 1.16 1.21 1.53
15.0 1.50 1.01 0.72 1.11 1.17 1.21 0.89 1.09 1.64 1.65
17.5 1.38 1.16 1.07 1.37 1.35 1.28 0.93 0.95 1.65 1.85
20.0 1.40 1.31 1.06 1.07 || 1.15 1.36 0.97 1.07 1.63 1.65
22.5 1.33 1.32 0.89 1.15 ' 1.17 1.23 1.13 1.04 1.64 1.90
25.0 1.41 1.15 0.83 1.43 1.12 1.16 i.09 1.03 1.62 1.76
30.0 1.36 1.21 0.88 1.46 1.16 1.29 0.83 1.06 1.46 1.63
40.0 | 1.25 1.08 0.75 1.27 || 0.61 1.02 0.56 0.84 1.24 1.42
Welding Current, amp.; 110 ‘ ;110 “\ ;160
Electrode Size, mmg; 3.2 ‘; 3.2 l 4
Base Metal Thick, mm; 9 ”; HY ;9
(A) | (B) ”(C)
(2) E A BHF

Penetration & HEst7] Hshed HBiFA BiEL bead & UMIctel BNI-E MWEA 2. Bead 9] cratoe %ol
A 30mm A ® =& el sMA BEHEde] H—-d vty s 22 2 oA bead fRol BmHEQ Bl whet
WSS A4 4 bead 8 K 4£-S Fhl A grinder o] i sand paper 24 FHEE o) nital acid (a)
(1% FIETe] EBahA 2w 9714 i HNO; & AN vl 5 %aA & BEike] 252 gkokA 20 % HNO,
F @RS o8 A Ste] mbEelAl (v (v el RERd £ 104-& Z A3k Fig. 3 (B-1500 3.2
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mm¢, 110 amp., FFHf F7] 9mm) L 4(B-1500 3.2 mmg, 20.0cm/min., 457 9mm)e} 7ch,
o] K-S MimEstel G5 Table 6 9 78 <3ld

Table 7. Relation Between Penetration and Weldmg Current

Weldl, Pﬂnetrahon, mm
Currert,f I VVI&;O 74‘?“77 o0 I\Lar (VVE T
amp.  B-1500 l CR- 13 1% 140‘ - 10(» | B-1500 ( CR 13 13 |No. 1(310} F-100 'Current, iB 1500 j CR-13
60 0.60 “ 0.43 | 0.24 | 0.43 | 0.18 0.6 | 0.21 | 0.22 100 | 0.7 | 0.66
8 . 0.66 | 0.51 | 0.51 | 0.61 ' 0.65 | 0.62 | 0.3¢ | 0.47 120 1.12 | 1.17
100 | 1.15 | 1.13 | 0.72 | 1.07 | 0.93 | 0.84 | 0.79 | 0.94 140 | 1.13 | 1.45
119 1 1.16 * 1.37 | 0.87 | 1.13 “ 1.16 | 1.09 | 0.97 | 1.02 | 150 | 1.28 1.55
120 | 1.41 1 1.26 | 1.23 | 1.26 i 1.34  1.41 | 1.23 | 1.53 160 | 1.48 | 1.53
130 . 1.65 | 1.87 | 1.43 | 1.59 | 1.39 | 1.75 | 1.52 | 1.66 | 170 | 1.86 | 1.87
140 -1 2.00 S 2,00 | 1.78 | 1.88 ( 1.56 | 1.95 | 1.45 | 1.97 180 | 2.31 | 2.05
160 | 2.25 [ 243 | 199 | 2.23 219 | 256 L 2.11 | 2.63 200 2.50 2.53
VVeldmg Speed cm /rwm ;20 ; ;20 z ;20
. Electrode Size, mmg; 2.2 i ;3.2 | 4
- Base Metal Thick. mm; 9 " 36 ;9
() | (b) ! ©
3. & ®

S H-o] penetration & HiSEEle] dolx Mfit, Table 6 U 724 HhEdE 2 BEERY St d=zE
penetration & #{LE oY T2 23Rl Fig. 5 @ 65 3 o]3 2 2 A penetration ¢ H#3] Eu}

RELDING CURRENT | 10 amp, !
BASE METAL THICLK, | q anan , o 6;15{10 CD
ELBCTRODE SIZE | 33 wmand ee—e, 00 (RS INAY

i
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xgzgﬁ;g_.i
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g 1.5 F .
g I :
/ D e D e o T SUTESASSE@ T = e L
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Fig. 5.(a) Relation between penetration and welding speed.
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WRLPING SPEED 1 20 ™ [awin. @
PASEMETAL THIEK. | ] ~mom

ELECTROPE SIZE : 32 mm¢

o

, ®» « B-1500 ’l /42
o: (R-I13 1'__—_" Moy - ///
' ) 1

B Mut.No,lkOc

o 4;/
——-,na: F-I00 e

251

20F

15

1.0p

60 80 100 120 140
’ WELDING CURRENT (amp)

160

Fig. 6(a) Relation between penetration and welding current

BASEMETAL THICLK S 6 omemm
ELECTRODE SIZE | 3.2 »mm¢

WELDING SPEED } 20 om/min. @
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60 80 T oo (20 140 160
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Fig. 6 (b)
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Fig. 6 (c)
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(3) RS FA 9 22Rel w3t penetration 9 ERE o HES BT A= REY 4 . o M
B EBARS R AT BMEE JorEE RS MAES penetration o] FUEEE FAEdca 4
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(&) o u]vho] B R MEEEEES] penetration ¢ (Ll MEE{LE BRSO E ThE SRS Jele] MU b
o w2 penetration 8 BbE Pz TEsA %xm Aol —Eihoh.
3. 2 —EEETOHAMS HEW5Eet penctration 2| BRE
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- B el v & BES 2SS 4 F U ol BEAK
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9 Aol —F3F k. wibA penetration of F}A FE ML FE AL RIS &5 A

(2) o] Sl & MrEREALEl B3] penctration & 2 8E%S] 2Mfle vsdn EEERRE fide
Ao

(3) ERiESl 709 Jhitel w2 iz penetration o) R o] Wl E iz FEEH A et

(4) Anv | penetration bz o) Kiiel = SEMEE wbRel PARAL ol

O Rl {RRE 2 fEmel el apEmlel 43 g iy Jile deldr] R¥coha s

3.3 % A AE=l= 2

(1) penetration | Ki5tE #REHE bond §82 MAUESI W #in b ol 2] vz Plie] 7h 7 Figel = =
spray oto} 2w ohi= JEE e oz

() #AgEme] Bl Hisire] Hipel whebd s pdos BIELHEY B el Hige ol
RS el A BEa BEe —3Eoh

4. ¥

T

(Bt #gel A & ol HEAL F U

(D BZESRLE 25 Bk penetration & Wiftrl —Eshd BEEES BTl = ALolw st
I OBIEHEHDEAN A € ke sty 2fgs Wik Wb dd ®EE —ESA Stz BillE SRR B
71wl fgistol Nrndbeh. olw] MBI L Eel #19t penctration B{E RS MUEEMLEe] B 2zl P4
# A penetration ] b HIEHR AT S dach. Penetration 2} §h- 3.2 mmé o SHIER N
A= 1.00~1.75mm, 4mm¢ o4& 1.10~1.86 mm 3 Z v},

(2) BEEEMRLT 3582 penctration & FREERM RS 2.

(3) ZBE ©] RS ¢ penetration & +Eb o] EEE(LE ekRe] fRitkol HIEESY, WEELS drlvo
ERY B %7 9

(4) —fmyo s ol mol:= 6~gmm AL FAY WA= e FA9 #Bel w2 penetration
9 FERE JlE EEE A e

(5) penetration & BER S FA G bond o [HLHE] o
SEEOl R ISREEES) JRnel whebA e i oba TEEel Ml shebd = e
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