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A Study on the Characteristics of Heat Treated ERW Weld Seam
and the Technology of Seam Annealing
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Abstract

To find seam annealer capacity of through thickness seam annealing in terms of through
thickness microstructure change with increased toughness and elongation leaving heat trace on
it, high strength steel pipes of ERW with different thickness were tested in different seam
annealing temperature measured on the outer surface of pipes. Annealing temperature and
microstructure of the weld seam were changed through applied seam annealing condition.
Toughness and tensile test with hardness and microstructure analysis were done on the
annealed weld seam to find its characteristics as a primary step and annealing characteristics
according to different seam annealing condition.

Through a study of annealed ERW weld seam characteristics and seam annealing technology,
amount of electric power should apply in decreased manner to arranged inductors of annealer
in the order of 1st, 2nd, 3rd, so on for proper seam annealing. For example of 15.4mm thick and

. 610m outside diameter pipe, applied power for proper seam annealing is 600 -650kw at 1st
inductor, 450 - 500kw at 2nd inductor, 200-250kw at 3rd inductor of annealer during 10 - 12
M/minute moving speed of pipe. Also, the penetration depth of heat trace along the thickness
direction of weld during seam annealing can be estimated through the equation 17mm/kv X
voltage(kv) with the microstructure and hardness analysis of thick weld seam as well as study
of seam annealing and comparison of cooling condition to CCT diagram of low carbon high
strength steel. From this result, the difference between the technological applicability of full
annealing condition based on phase diagram and full penetration of heat trace based on CCT
diagram along the thickness of weld seam is discussed.
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Fig. 1 ERW pipe forming line

Table 1. 50kg/mm® yield strength hot coil

properties
Strength Chemical composition(wt. %)
Y. Pkg/mm’){T Stke/mm?EL%)| C | Si | Mn | P L
51.9 62.3 34 [0.07]0.19 | 1.40 {0.015(0.003
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Table 2. Welding condition(50ks/mm? yield
strength, 9.6mm thick hot coil)

Contents pla;tel plate2
Voltage 13.1(KV) . 13.6(KV)
Current 9.8(4) 14.2(A)
Speed . 13.44~13.58 MPM
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Chemical composition of 40kg/mm?®
yield strength hot coil

Table 3.

Contents C| Si|Mn| P S|{Ch| V| Ti|Nb

40kg/mm’
hot coil

0.07] 0.20] 1.20|0.013{0.003| - | - - 10.039

Table 4. Welding condition(40ke/mm® yield
strength, 14.3mm thick hot coil)
Contents platel plate2
Voltage 13.5(KV) 15(KV)
Current 9(A) 14(A)
Speed 12.5~13.2 MPM
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Table 5. Result of chemical analysis(wt %)
for 50kg/mm’ yield strength hot coil

C Si Mn P S

0.0670 | 0.1732 1.415 0.0168 | 0.0086
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Table 6. Mechanical properties of 50kg/mm?® yield strength hot coil
. Direction of T.S Y.P EL
Contents | PIPE Cut-off site cutoff specimen (kg/mm?) (kg/mm?) (%)
. Roll direction 61.7 58.2 35.2
Head of coil ..
. Cross direction 61.5 56.3 34.7
Tension
tost Head of bioe Roll direction 61.9 56.9 31.6
i pip Cross direction 62.4 57.4 34.2
specimen f
pecime Roll direction 65.2 61.3 34.9
Weld .
Cross direction 66.7 60 26.3
Table 7. Impact toughness value for 50ke
/mmZ yield strength linepipe Weld impact toughness value
160 [TTT 7T :
Notch T Absorption energy(J) %120
site emp. 1st 2nd Ave. §1gg [ TR
-60T 26 30 28 2 o | BHAZ
F7 -45C 96 33 65 = | [ABM
-30C 72 51 62 £407 !
0c 101 93 97 201 ;
-60C 77 27 52 0 610 L 115 L 3'0 L (') )
-45¢C 137 66 101 A - -
HAZ -30tC 114 120 117 Temp. ()
0t 123 150 137
-60C 114 113 113
BM -45¢ 126 116 121 Fig. 8 Graph of impact toughness for 50kg
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Table 8. Cooling rate after seam annealing
Measured point Measured temp. Cooling rate
After annealer 750¢C
1M 630TC 26.1¢/S
2M 510¢C 26.1¢/S
3M 450¢C 13.0¢/8
4M 410¢C 8.8¢/s
Table 9. Hardness value of weld according to cooling method
' Cooling at 800¢C Holding time in furnace:10minutes
. Air cooling, then Air cooling, then . .
Contents Quenching Quenching at 450 | Quenching ab 250 Air cooling As weld
specimen A B C D N
MAX 268 237 274 244 336 -
H FZ | MIN 242 230 224 224 230
a AVE 254 233.7 241 236 268
é MAX 268 217 278 249 304
n HAZ | MIN 242 204 217 217 234
e AVE 251.7 213 240 230 262
8 MAX 246 226 219 226 235
S| B.M | MIN 219 203 204 209 213
AVE 232 218 213.7 218 226
Cooling at 900C
. Air cooling, then Air cooling, then . .
Contents Quenching Quenching at 450 | Quenching at 250 Air cooling As weld
specimen E F G H N
MAX 244 229 242 221 336
H FZ MIN 223 202 212 199 230
a AVE 233 216 223 209 268
r MAX 241 219 218 222 304
d 1 HAz | MIN 221 191 204 199 234
e AVE 233 204 212 207 262
8 MAX 252 224 219 , 214 235
S| B.M | MIN 230 209 206 202 213
AVE 242.5 215 212.7 207 226
Cooling at 10007C
. Air cooling, then Air cooling, then . .
Contents Quenching Quenching at 4507 | Quenching at 20T Air cooling As weld
specimen I J K M N
MAX 266 210 236 165 336
H FZ MIN 257 188 232 144 230
a AVE 262 201 234 157 268
r MAX 280 189 227 165 304
g HAZ | MIN 228 174 210 156 234
e AVE 252 184 216.7 160.7 262
8 MAX 241 180 239 173 235
S| BM | MIN 207 164 204 152 213
AVE 225 172 217.7 161 226
84 Journal of KWS, Vol. 17, No. 1, February, 1999
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Table 10. Impact toughness test result
Specimen . Impact value
Absorption energy(Joule) | Shear area(%)

A 170 100

B 12 0

C 18 0

D 98 100

E 18 0

F 13 0

G 148 100

H 62 50

I 18 0

J 150 80

K 28 25

M 122 100

N 100 100
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Photo 6. Macro and microstructure of seam annealed weld 1
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2nd at 850°C
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Fig. 12 Temperature control of inner and outer
surface along weld seam by seam
annealer
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ANRE

Table 11. Penetration depth of current according to frequency (mm)

Heating matl s Frequency(Hz)
and temp. 50 500 1,000 | 3.000 | 10,000 | 400,000 |
at Room 3.2 1.1 08 0.4 0.2 0.0
temp.
Steel at 1200 66.0 230 | 162 9.5 5.2 0.8
at Melting 91.0 31.8 925 | 13.0 71 1.0
temp.

*Equation for penetration depth of heat trace(heat trace penetration depth based on voltage

penetration depth) :

penetration depth(mm) =17 (mm/kv) X voltage(kv)

*Equation for penetration depth of heat trace(heat trace penetration depth based on voltage

penetration depth with moving speed) :
voltage (kv) X9.48 xf(kHz) X L(m)+S(m/min.)
Ta : melting temperature

T, ® transformation temperature on cooling

f : frequency of inductor

L ¢ length of inductor

S : moving speed of weld seam
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