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An Investigation of the groove shape preparation effects in the high frequency
induction welding of the metal pipes
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the effect of high frequency induction welding parameters on the weld quality of welded
Received 10 September 2016 pipes is studied. For this purpose, process parameters such as current, frequency and edge shape of the
Accepted 21 November 2016 weld connection and their effects on the heat distribution are investigated. Experimental investigation is

Available Online 31 December 2016 performed by using tensile test, metallography, and micro hardness. This reveals three regions with

different grading and various thermo-mechanical treatments. The results show that the grain size

Keywords: A . . .

High frequency induction welding decreases about 27 percents as the edge shape is improved. By conducting thermo-magnetic analysis,

magnetic-thermal analysis different current intensities and frequencies are evaluated in the creation of appropriate temperature

edge prepration distribution. The results show that with increasing the current and frequency, the heat-affected zone is
expanded and other areas become smaller. The maximum increase of the average temperature in the
weld edge, was about 42 percents from 1250 to 1500 amperes per unit increase of the frequency. Micro-
hardness test is used to detect micro-structural phases of the weld zone.By comparing the results of the
metallography and micro-hardness tests, more uniform weld width was observed with modified edge of
the in welded samples. The results represent 18 percents of decrease in the weld width of the modified
samples in comparison with samples without edge preparation.
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Fig. 2 Schematic of edge preparing in the experimental tests.  A)
without edge preparing b) second preparing edge c) final preparing
edge
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Fig.3 Vee shape zone and inductor (up view).
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Other Mn P S C
Nb+V max0.06 0.9 0.03 0.03 0.22
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Fig. 7 Relative permeability at various temperatures structural steel
[13].
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Fig. 6 Thermal conductivity at various temperatures for structural steel
[12].
dilisee slales o Slaxsle Vs sl 5> oble, 6 JSib

Sy g0 Jlasl slowl gl p5Y sbeo

ad sawaid Sl b gjlwans -3-3
les (Lol,S el Baa b 55 sad IS 69, » adsl slasiluas

59 el il alosil ¢ olod HLol,E oy eS b aigy g S 4 ou; g
a3 plas laad o 1) (VL oles (LolS @l 4l slagsjluacs

Soad b S sbre 5 (sl g Sl LI o laad L3l (25 &dly Lo a5

726



VoD 9 (548 Slxw

G slaaly) il G)liga Jialxd )3 JUasT iS22 89 A I 03leT Hil )z

L

A v Co— s
500 600 700 800 900

z

Y= L ¥ 299 A 1330

500 600 700 800 900

Fig.10 temperature distribution in the edge for second optimized edge
for two power sets.

Al Sgte 5o JSI (regd sl iliFe Blgi 93 50 Woad o Les 15 10 JS&

7

1 =¥ 207 A 1220
500 600 700 00 900

7

bowze O .o
S00 600 00 800 200

Fig.11 Temperature distribution in final optimized edge in 2 power
sets.

S48l Sgnpe (sad S (gl il (g g0 o aad jo gles ay5e5 11 JSCB
il

ol gles a5 S50, K8 Gew g wales iy gl ol

727

5 Oly oS 123 4l 2 55 dead jo Lo m3e5 11 510 glo IS o
sl 0 00y yLid A Calises sawaia g 10 Oly oLS 179

5l Al sadlate 5 Aoz (ope R g laad o Gl Gl
slad IS o L5-’~L°‘> 31 e loged samslie il ool &yl
3 pos sad USa b aly) (le S 50 (Brae Ol a5 aad o Ll it
> 5l e s 43l Syt 54 US55 rma ol | by s
Bloas ay ad 3l Sl idu pgo Al dgue sload ile)S o a5 Jl>
ad mhaw wled gles Hailu; gl o e 4 ailoosn 5 Jlasl slos
Siran ol 53 Sy 5L 50 Jolaa Sl alidl & S oJlasl sles
s 551 53 Gl 5oy B0 Jslas ls5 Gialidl liee ol rBloo

15 e e UK L aigas o JLail sad ) 4l 4 s Los s
ObolF el 0gd oo 0y aF jshailes (el oals ool ol 12 ISy
ad S 0b b 58U gonims lis wax 0 200 4 1200 51 Lles
Ale Jlail sad jo Led ms8 il leSs )0 59

sz sailate 5 S5 Ve 4l els 4l 2 1o LileS anls
Wb i JSo Vee el Jsb ol 2 oS )5k 4 ailiee yiege

T T T T I T T

2200 -
== Distance =0

i s Distance =2 |

2000 k —— Distance =4 -

K ~—-= Distance =5 |

1800

400

000

Temperature (°K)

800

600

Nl 1
(1] 1 & 3 4 5 6 7

Distance from center point of weld (mm)
Fig. 8 Temperature profiles of 4 points in the weld edge without edge
preparing.

ad ile oslel g e (g prlaw 5l abaii 4 js oles Judgp 8 S

14°
o I‘Smm-l-—-l'__
: 1.5mm|/ i
|
'. 175 mm- |
175 mm |
e Irnrn'l',r'" e

10°

Fig. 9 final improved edge shape derived from Isothermal diagrams.
Jlesgsl Glojloges (g 5l ot (2led 8Bl S ad SS9 S

12 o jlaiis 16 095 1395 siaul (jurswe Suilfe wlise



VoD 9 (5 a8 Slmw

G slaaly) il G)Liga Jialxd )3 JUasT S 22 809 A S 03LeT Hil )

Lodigad 25 (5051 b 4035 3 Jgaz
Table 3 Tensile test results

NS IRV eheiS plSouul o .
()b (MPRLs
20.2 398 1
17.8 398 2
194 388 3
16.1 399 4
16.4 395 5
175 375 6
36.7 340 7

ad UKo a4 bgye 2 9 1 Gleaises 3 Jgaz 0 oad &l mli o
ad 6}L‘°°L°] I sl 4 bogy yo 4 9 3 Sldigel « oled oals Lg)'LuooLo-l
JS...J "““"L'LSA 03 LS).LAO\)LA] A.J JS...J s Rl Jay).a 6 9 5 Lgl.tbd.a}o.t 9
JS...J » p.‘.l..ua 9 stl.e(\ k5-«....5 ralS?r.«.m‘ LS‘)-’ 0wl Cawdy 5Lea)|o54.. 14
psd il g (181) (sl o (g slodiped Julis alisee (sloa
ool Jsb sl w45 US55 5 (3rd) s &) JS 5 (2nd)
A wed oo L peled plul jo o Joges Wig, aiload dulae ladiges
Opoed “\""’L’L5° RSN 5.7 sl Sgue ‘_ghbd.;j.o.i r:li?r.”w:l u..;l).el
oliss as ol ails alold g Ll dediges 0 CuSs ga>b
Siged o Job skl weys (b ) adbiee S Cdle soaaas
19.1 & 0o)5 17.5 5l cad (g5l oolel (g0 (slodizes b amnlin jo led
ool asls gl
S del mls e Shp ol wo S e ssaliv a5 4eSlen
I, Slaalie ol Jasl LYo b cplb 00,5 05 cvalin lagge;]
Jhirl oge (1al5 axS )3 9 (hea ddhate (ol 5 SRS 4 (P
Cow Bl T 5 oad ooyl ez 0jex Slal a4z Sk sl ol coes
Comlos gt g 0aijer lalaow wile s Jaowe Lyls
> baiged &5 (Jige ;3 (nlply WS (o0 Jos Fias g Ll g an
WSl oS 0gd o ools Jlaiml wigh o003l HeShe slalase 51 S0

Sgd Pl gixe g yiios digad plSouiul

Gl 15 (G lio g ounlino-2-4
o0 2 s & (Sl 4ol oz Yl S 3 S gz ald s
Saisas [6] &1 o Sy7s & SelSe 5 S sloprlSe S
5o laasly gojlasl wglas (goims las cad JSKo aw jo ez 5l 31,5 ollie
lSages ol s e s al s ol 3l ke sy
Sl 4l d baiges i 53 (STl sladige (o) p 0l o0
o oo las |

oo a4y wodd Aoy 5 3y phaie o )8 glaals Gl lal 38 Al
el 95500 1.56 amb ol o badils go3lul Loy .ol co od py sl e

2 G Sz b jamme oo slagasy albs sl | JSilage 5 gl
ol 3 bealls ol aslioe Ghex a5l 58 (S5 g s,
ol 5 T Bl 5l g adlie pln b B alil Loy 4l
Jolis axl ol o Lole gl oo plein o 5l 4l g0 (ol bl

Ablige (Tl glo) e g 00l j5me pa oy sladils

! Thermomechanical zone

12 o jlost 16 053 1395 sl . poe SuilSe Lwariye

s laad JI5 Joe Bl a9 5l Somly 68092 (> 50 00
b olply og wnlyss ls,e5 5 I plsocial 51 ond sl s> 5 o3g
Col gllas Jlail a4 plaws il 3 e g0 oad sl sles 4 axgs
ol & 0l slin JSIS fin 5 SIS Ghgr 250 ol sl o
5 i b e o B e wnld sles Gl L Ss
plSoil 5 W ls Jlasl oasS plSocinl (55, p Sie 56 JB5 Lal3dl
429 by Su e Bl Sl 99 onl (S e 8 Cod paiS
Wil e g0 ead ol Ol ) Kaex le gl LU 4
G aiged 2 50 JSilege i g4l 5 oyl 1 Sl b b,
A aalie 5 (o) 3y50 Bl ot ad o sladiged b Sl d5e

wlas

oS s . . _1_4

O3l iged |l gy o ol sz (SlSe CudST bl sl
O905) sladiges .o oolinul ([14] ASTM-EB o jlailiw! L gslkas) ioiS
u}*"ﬂ )l Jaol> CJL..: ) eald ol QLM._, 13 J&u 50 ool d)l&m?
RO XYW 4.‘:‘)‘3 JS"‘? 59 L‘MUQ“"S 2 S

2200 P T T U T T T 1 i

2100 -\ """" Distance=0 =
+—+= Distance=2
2000 . o =
, ‘x —— Distance=4
1900 -\

‘_\ — — Distance=5 7

1 1 1 | 1 1 1

0 1 2 3 4 5 6 7
Distance from center voint of weld (mm)

Fig.12 Temperature profiles of 4 distance from the outer surface, in
final edge preparation.
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Fig.17 Micro structure and texture of the weld 1) thermomechanical
area 2) Center of the welding line.
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Fig. 14 Comparing the results of yield strength and ultimate strength in
a different edge preparation.
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Fig. 19 Comparison of experimental and simulated weld width for
improved edge of the end.
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Fig. 20 comparison of experimental results of weld width in different
edge preparation.
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Fig. 21 A comparison of simulation results of weld width in different
edge preparations.
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Fig. 22 Comparing the effect of increasing of the frequency and current
intensity on the temperature gradient and temperature in 4-point of the
edge in the thickness direction of weld.
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