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Analysis and Control System of Shaft Vibrations

in Steel Rolling Processes
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Synopsis:

In recent years, the authors have been endeavoring to revamp steel
rolling processes by realizing continuous and syncronized production
between two processes in order to achieve higher quality of products.
In cold and hot tandem mills or continuous annealing process lines,
which required high response and high accuracy to the motor control
system, the authors encountered troubles with shaft vibrations caused
by interaction between mechanical and electrical control systems, and
develaped 2 new power drive technique which was effective in solving
the problems. And authors were able to understand the influence
of all the digital thyrister motor drive system and the cross current
type cycloconverter drive system on the shaft vibration problem
through computer simulation analyses and experiments. As a result,
the following were found effective in supressing shait vibrations: (1)
To apply a digital filtering methed to speed feedback, (2} to control
a speed control loop in high speed sampling time and high accuracy
caleulation, and (3) to apply the modern control theory.
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v*: Speed reference (rpm)

v:  Speed feedback (rpm)

¢: Angular velocity (rpm)
Ty Torque disturbance (kgf-m)
T.: Load torque (kgf-m)
R,: Armature circuit resistance ({})
Fy: Voltage coefficient {V/rpm)
F,: BSpeed feedback gain (mpm/rpm)
F,: Current feedback gain

S: Laplacian
Ky Torque coefficient
T..5 . .
KCM ¢ Transfer function of ACR {automatic current
T.S
regulator)
1+ 7, . .
,,%'E 1 Transfer function of ASR (automatic speed
In
regulator)
J(=/i+/): Towal moment of inertia of motor and mechan-

ical system (kgf.m?)
Ji: Moment of ineriia of motor
J:: Moment of inertia of mechanical system

Fig. 1 Block diagram of main motor speed control system
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Fig. 2 Simplified block diagram of Fig. 1
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Fig. 3 DBode diagram of speed control system
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Fig. 4 Block diagram of speed contrel system considering me-
chanical system as one-degree-of-free
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Kiz: Equivalent tersional spring constant
Ci2:  Equivalent damping coefficient

Fig. 5 Mechanical resonance system
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Table 1 Specifications of No. 5 stand

Conventional After replacement

Mill Type AHi 6H;i

1350 kW x2x2 1350 kW x2x2

Motor power

Motor drive Twin drive {Mechanical tie}

Motor (rpm) 200/580 200/580
Gear ratio 1.354/1 2.524/1
Control ASR ASR
610% 1730 420x 1730
Roll size {mm)} 530 1730
1520x1730

13501730

Hydraulic

Screw-down

Strip thickness (inm) 1.8~6.0/0.15~3.2

Strip width (mm) 600~1 600
Coil weight (tf) 50 max
Line speed (m/min) 1500 1930

JINEM B Vol 19 No, 1 1967

DC motor (upper)
l PLG
e

Middle
shaft .~
Gear 7

. R
Spindle poy
o

From - " DC motor
No. ¢ e (lower)
stand <4 .
< < DPulse
BUR b generator
IMR- A3
WR% /) DC motor _ T
WR/ 5 Three-phase AC
IMR/ L. power
BUR Strip supply
- Speed
Current = 3
fredback feedback
BUR :Back up roll ASR
IMR : Intermediate roll -

All digital | i

Leonard—>L_ ]
Speed
reference

WR : Work roll

Fig. & Configuration of No. 5 stand in the S-stand cold tandem
mill in Mizushima Works
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Fig. 7 An example of shalt vibration in 5-stand cold tandem
mill in Mizushima Worlss (No. 5 stand shaft torque and
armature current measured at line speed of 1018.3 m/
min during natural deceleration)
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Fig. 16 Outpat voltage wave form of cycloconverter
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Fig. 17 Control block diagram of cross current type cyclocon-
verter drive system

Table 2 Comparison of characteristics of digital vector control

system
Conventional New vector contral

Response

ACR 100 rad/s 600 rad/s

ASR 30 rad/s 60 rad/s
Sarmnpling time

ACR 3ms 1.0ms

ASR 10 ms 4.0ms
Speed detector
(Pulsefrevolution} 65 536 PR 262 144 B[R
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