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Development of Shaft Straightening Machine with
Springback Observer

C. Y. Ahn, D. C. Ahn, S. C. Kim and S. C. Chung

Abstract JL 1

In order to compensate for out-of-straightness of shafts, an automatic straightening process
composed of an automatic measuring module, an automatic control unit and operating softwares
was developed with a hydraulic press. The out-of-sraightness of each shaft was measured
automatically in the measuring stage. An optimal pressure point was determined to minimize
TIR value of the shaft according to press count of 3-points bending process. In the geometric
adaptive control procedure, punch stroke and springback of the shaft were predicted by an
observer using on-line measured values of press force and deflection amount in each press count.
An automatic straightening machine was realized with the measuring module, the GAC module,
PLC. IBM-PC and the operating software on the hydraulic press. The validity of the proposed
straightening process was confirmed through a series of experiments with cam shafts.

Keywords © GAC (Geometric Adaptive Control : 718184 &A1), Observer (#2£7]). On-line
(&a}ol). Qut-of-straightness (AAEL2}), Shaft straightening (£14), Springback (X —.), TIR
(Total Indlcator Reading : %), 3-point bending (3 & #3¥)
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Diameter @100 mm
Power Cylinder
Stroke 0.6m
l . @ - ; ! (Mapacity 10 ton
iql ] ‘ Power ‘
. : : Servo Valve Nonlinearity -0.015 %R.0.
\ {.0ad (‘el]‘ -
L [ (ERT1D Hysteresis £0.047 %R0, |
0il J‘ o -
punch pap ) Rclﬂv Output +2.9993 mV/V
PUSHER t Programmeble Logic Controller Range 19 mm
ionlineari 15 %
it — LVDT Nonlinearity 0.15 %
! o (Fs-38
! J [ ! 153607 Repeatability 0.003 %
Bandwidth 15 kHz :
- i Velocity 30~120 rpm ‘
' DC Motor
; (MSS540-401) Control i CW.CCW FREE SPEED
Py ontrol input SET © DC24V ~5V
DI/DO Digital Input/Output -
[ Type Incremental
e Input | DC 5V-5% ~ 12\-10%
e Rnt:(nh‘:)é(b;:?;)der Qutput A. B. Z phase
/ 2 Bandwidth 30KHz
v Mpreme streightening disylecenont Resolution 1000 pulses/revolution
Sprznghack Observer L
D .
(AC;\J/TLHB) Sampling rate 10 kHz /ch
IBM-PC 486 :
i Industrial Computer i 9.
L (WS-614) IBM l 486DDX2-88MHz

Fig. 7 Schematic diagram of the straightening
machine
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{(a) Structure of the straightening machine

(b) Punch and measuring unit

Fig. 8 Overview of experimental setup
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Table 2. Estimation results of k, and ko’
N, Press 1 2 3
Priint
KUtkgfm | KO tkef? | crror | KOG [ KO kgl | erver | kbikgf | ke ikaf | error
Case N\ m' mmj &1 mm:? mm! el mm! min v
t 336.293 [ 333338 | 0.9 2375121275199 -0.9 | 336,339 | 330 112 1
2 326,480 | 3272446 120 | 354828 | 249620 | 2200 | 336 126 | 342 202 12
3 330620 | 3200252 | <22 | 259.028 | 250469 -1R 30836 [ 341180 11
) 326 084 | 352089 2001253029 26902 DR 336826 | 347 508 3.2
5 FI00037 | 332469 1.2 1255730 25k 38 335701 | 337315 05
8 330611 32962 4|23 0882 336.337 1 343.064 20
BALTR 326048 1T [ 256627 2002962 | 343,338 ]
B 331.786 | 335.096 LO (2504021250796 | 02 11337956 | 343390 22
a 31346 | 336522 | 15 249524 (252,234 b1 | 339852 | 341018 | 63
1l 36884 [326.056 | -3.3 [249 7621255629 LH [ 338020 1337 361 07
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Table 3 Straightening results

Case Result(um} Ref. Value(zm) Error( um) Press count
1 331 323 8 3
2 284 272 12 2
3 33 47 -14 1
4 85 T 3 1
5 175 188 13 2
6 116 103 13 1
7 162 150 12 1
8 179 194 -15 2
P9 80 99 19 2
Lo 7 132 15 1
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