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Precise bending pipeline steel pipes with JCO forming

LI Jian'*, ZHAO Jun', MA Rui'

(1. College o f Mechanical Engineering , Yanshan University , Qinhuangdao 066004, China;
2. Dalian Design & Research Institute Co. ,Ltd. sDalian 116600 ,China)

Abstract: To reduce the ellipticity of the steel pipes processed by JCO forming.a precise bending technology
was presented based on plastic bending engineering theory and machine vision technology. In the first bending
step,the prescribing two-bend was used to obtain the springback law, then using the springback law and con-
sidering the aimed bend angle, the exact punch displacement to determine the forming angle in each bending
step was predicted. In the succedent bending steps, the bending process was carried out with the exact punch
displacement predicted above. The angle error in each bending step was calculated by comparing the actual
forming angle with the aimed bend angle, and each precise bending process was realized by compensating for
the last angle error in the next bending step. Furthermore, the image processing and line detecting algorithms
suitable for the image of the steel pipe end plane were proposed by a machine vision system. A calibration
method was presented to calculate the exterior parameters of the CCD camera, which employed a equilateral
triangle as the calibration board and only needs to capture one image. A mathematical model was derived to
convert the angle in the image into the actual forming angle. Experimental results show that the measuring er-
ror of the forming angle is less than 0. 2° and the ellipticity of the formed pipe is less than 1. 5%. Employing

the precise bending technology, the high-quality pipes can be manufactured without depending on worker’s
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operating experiences.
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Fig. 2 Precise bending steel pipes with JCO forming
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Tab.1 Accuracy of measuring forming angles

. K HIPL A% L3 K = A bR AL w7
MR/ O AN/ O /()

1 166. 18 166. 06 0.12
2 166. 21 166. 18 0.03
3 166. 08 165. 99 0.09
4 166. 15 165. 99 0.16
5 166. 32 166. 17 0.15
6 166. 24 166. 09 0.15
7 166. 87 166. 72 0.15
8 166. 42 166. 3 0.12

4.2 EHEREEE

B 7 R JCO K 25 il BUE £ AR 1 Tl
N B3 % AS A 61067 mm X 19. 1 mm #)
X70 48 W FEATRE 80 2l ST R A AE 44 20 = Ak A
BLI 2t 00K J 8 45 B A8 TL AT RS Wl 8 R .
2 TN 3 A F0 TSR R 2l SOE R
HR A 28 30 2E 7 Hh PR 3 4 I IR K EAR VRN E

7 AR JCO K B 25 ] SR /9 Tl 17

Fig. 7 Industrial application of precise bending un-

finished pipe with JCO forming
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Tab. 2 Ellipticity of X70 welded pipes formed
by precise bending technology

A TR BN
S

i

/mm /mm /CY)
1 1062.2 1 046.9 1.4
2 1061.5 1047.6 1.3
3 1061.4 1047.7 1.3
4 1 059.8 1049.3 1.0
5 1062.3 1 046.8 1.5
f 1 060.7 1048.4 1.2
1 060.9 1048.2 1.2 8
1061 1048.1 1.2
R3 RIBSEMTEH X70 EXRMHEE
Tab. 3 Ellipticity of X70 welded pipes
formed by operating experience
—— ERiKER EHRENER  WRE
(mm) (mm) ¢Z))
1 1068.7 1 040. 3 2.7
2 1070.4 1038.6 3.0
3 1067.3 1041.7 2.4
4 1069.0 1 040.0 2.7
5 1067.8 1041.3 2.5
6 1069.9 1039.1 2.9
7 1064.4 1044.7 1.8
8 1071.7 1037.3 3.2
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