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Recent Development of Motor Speed Control System and It’s Application to Seamless Pipe Mill

Shunji FUKUSHIMA, Satokazu YOSHIDA, Hisao Goto and Chihiro HAYASHI

Synopsis : Recent progress of main motor speed control apparatus using power electronics devices applied for rolling mills especially seamless pipe

mills have contributed Recent to the advancement of quality of products. Both quick response and precise control of motor speed are the

main advantage of recent motor speed control apparatus.

The overview of this development and its application to seamless pipe mills in Wakayama steel works including new seamless pipe mill

are described.
Key words : cycloconverter; GTO inverter; IGBT inverter; NPC inverter.
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Fig. 1. Mannesmann Mandrel Mill Process.
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Table 1. Evolution of motor speed control equipment.

{Year ' 6 0 65 70 '75 "8 0 "85 90 "9 5

tructure Design based on TAF (Torque Amplitude Factor)

Insula- B F = |
tion H

Terminal  JDC MOTOR / 750V / 1000V / 1200V
Vol tage AC MOTOR /3. 3KV
Power SCR { . 6KV / 2. 5KV 4KV / 4KV / 6KV
Device 400A 800A 1. 5KA 3KA

GTO 600V / 2. 5KV / 4. 5KV /4 5KV exv
50A 1KA 2KA
IGBT / 500V / 600V /1. 2KV 7xv 3. 3KV
50A 3004/ 600A / 400A/ 1. 2KA

Erive M—G DC Variable Voltage System

ystem Cycloconverter

GTO Inverter
/ / IGBT |

iControl nalog / Analog & Digital Hybrid/All Digital

esponse [OC MOTOR / 5rad/s /1 5~ 2 Orad/s
ILrad/s AC MOTOR / 2 Orad/s /6 Orad/s
IAccuracy DC MOTOR 0. 25% /+0. 1%

AC MOTOR/™ *0. 25% /*0. 01 %
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Fig. 2. Single line circuit diagram of cycloconverter.
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Fig. 3. Circuit diagram of NPC type GTO inverter.

Fig. 4. Output voltage wave form of NPC GTO inverter.
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Table 2. Comparison of motor speed control among three mandrel mill lines in Wakayama.

Year 1967 | 1983 | 1997
Mill 7Inch Mill [ 5 1/2 Inch Mill | 16 3/4 Inch Mill
Mill Type Mandrel Mill
Piecer Motor Synchronous Motor
Drive System Constant Speed Cycloconverter GTO Inverter(NPC)
Control Digital Vector Control Digital Vector Control
Step Response 100 ms 100 ms
Mandrel | Motor DC Motor Induction Motor
Mill Drive System SCR Common DC Bus [ Individual SCR Drive GTO Inverter(NPC)
Control Analog Speed Control Digital Speed Control Digital Vector Control
Step Response 300 ms 150 ms 70 ms
Impact Recovery | Recovery Time 700 ms | Recovery Time 540 ms | Recovery Time 120 ms
Accuracy +0.25% of max. speed +0.1% of max. speed +0.01% of max. speed
Stretch Motor DC Motor Induction Motor
Reducer | Drive System SCR Common DC Bus SCR Common DC Bus IGBT Inverter(NPC)
Control Analog Speed Control Digital Speed Control Digital Vector Control
Step Response 280 ms 120 ms 70 ms
Impact Recovery | Recovery Time 500 ms | Recovery Time 340 ms | Recovery Time 140 ms
Accuracy +0.25% of max. speed +0.1% of max. speed +0.01% of max. speed

Coolant Outlet Coolant Inlet

Coolant Flow -

Fig. 5. GTO inverter unit overview.
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Fig. 6. Configulation of common DC bus type speed con-
trol.
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verter application.
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Fig. 9. Control configulation of SFC (Simulator following
control).
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Fig. 10. Impact drop response simulation of the new 163/4
inch mill.
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Fig. 11. Actual impact drop response of the new 163/4
inch mill.
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Fig. 12. Actual impact drop response of the 51/2 inch mill.
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