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Automatically Bending Process Control for Shaft Straightening Machine
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Abstract

In order to minimize straightness error of
deflected shafts, a automatically bending
process control system is designed, fabricated,
and studied. The muiti-step straightening
process and the three-point bending process
are developed for the geometric adaptive
straightness control. Load-deflection
relationship, on-line identification of variations
of material properties, on-line springback
prediction, and real-time hydraulic control
methodology are studied for the three-point
bending processes. Selection of a loading point
and direction, springback estimation, and
supporting condition are derived from fuzzy
inference and fuzzy self-learning method in the
multi-step straightening process. Automatic
straightening machine is fabricated by using
the developed ideas. Validity of the proposed
system is verified through experiments.
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Table 1 Deflection patterns of rack bar with heat treatment
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Table 2 Straightening results of rack bars

Straightening Straightening
[ Number | tjzp3j4)1516 17 t’;erage Number
FBar Number | 13| 15] 25| 16} 7 | 2 1 ( 3.0
| Straightening I
Average Time 70 13| 20| 27 33] 38 | 45 ) 19.9 sec
4 38

FolA e = JAEE Fr3V] Ao
st TR U2 HAstE 2 AEH
HERA] MN2gE AT AT A=
Z3d ¥FS 2439 HA aPPPE 2A
e guA uy FAG A4d ayYYes=
AdE 2P S Yo 3 $Y ¥Rz
T8 Ev

%9 3FFPd diF o242 TIELS
7122 4£A49 BEAX WIE 7Hsd el
2 Axyig 428 ¢ e #F7E AAE
, AXte R AFHEFL AT 7 e 3
AFgy Ao A2dg Adstdet. 2&HA ¥
@RS st AYHY HAIAU|EFYPLE H
AHE Y F 9YES a3 HAH wA
A g dAs e ddAd g 33 AAEA
o gz HEE BId 2ERleg A7Hd
FE Aojsto g AN F& IAZ4Y F
AS5E Qs
=
(1) K. H. Partzel, 1988, "Acoustic Emission for
Crack Inspection During Fully Automatic and
Manual Straightening of Transmission Shaft”,

in Proceedings of the Acoustic Emission
Symposium (Bad Nauheim), J. Eisenblatter, Ed.,

R

Aoy

Deutsche Gesellschaft fur Metallkunde,
pp.157-164.
(2) E. Trostmann, N. E. Hansen, G. Cook,

1982, "General Scheme for Automatic Control
of Continuous Bending of Beams”, ASME
Journal of Dynamic Systems, Measurement,
and Control, Vol. 104, pp.173-179.

(3) D. E. Hardt, M. A. Roberts, K. A. Stelson,
1982, “Closed-Loop Shape Control of a
Roll-Bending Process”, ASME Journal of
Engineering for Industry, Vol.104 pp. 317-322.
(4) D. E. Hardt, B. Chen, 1985 "Control of a

Sequential Brakeforming Process”, ASME
Journal of Engineering for Industry, Vol.107,
pp. 141-145.

(5) Chandra A., 1987, "Real-Time Identification
and Control of Springback in Sheet Metal
Forming”, ASME Journal of Engineering for
Industry, Vol.109, pp. 265-273.

(6) Katoh T. and Urata E.,, 1993, "Measurement
and Control of a Straightening Process for
Seamless Pipes”, ASME Journal of Engineering
for Industry, Vol.115, pp. 347-351.

(7) James M. Gere, Stephen P. Timoshenko,
Mechanics of Materiwals @ Third Edition, PWS
Publishing Company, 1990, pp.328-340.
(8) Herbert E. Merrit, “Hydraulic
System”,John Wiley & Sons, 1967

(9 H. J. Park, H S. Cho, 1995, "A Fuzzy
Self-Learming Control Method with Application
to Hydroforming Processes”, ASME Journal of
Engineering for Industry, Vol.117, pp. 297-303.

Control



