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Design of a Geometric Adaptive Straightness Controller for Shaft

Straightening Process

Seung-Cheol Kim and Sung-Chong Chung
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Abstract

%), Geometric

In order to minimize straightness error of deflected shaft, a geometric adaptive straightness controller
system is studied. A multi-step straightening and a three-point bending process have been developed for

the geometric adaptive straightness controller.

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 process. By deflection pattern analysis and fuzzy
self-learning method in the multi-step straightening process, a straightening point and direction, desired
permanent deflection and supporting condition are determined. An automatic straightening machine has
been fabricated for rack bars by using the developed ideas. Validity of the proposed system is verified

through experiments.
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Fig. 1 Three-point-bending model
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simple beams
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Table 1 Performace measure decision table

S| NB |[NM | Ns |ZE | PS |PM | PB
NB | 6| 5| 4| 3] 2|1 o
NM -5 -4 -3 2 -1 0 +1
NS 4 3 2 -1 0 +1 2
ZE -3 -2 -1 0 +1 +2 +3
PS -2 -1 0 +1 +2 +3 +4
PM -1 1} +1 +2 +3 +4 +5
PB 0 +1 +2 +3 +4 +5 +6
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Table 2 Modified rule table for yg

>SS | NB [NM | Ns | ZE | PS | PM | PB
NB NB NB NB NM
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NS NM | NM | zE
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PS ZE PS PS

M PS PS PS
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Table 3 Deflection patterns of rack bars with heat

treatment

. Point Number
Deflection T2 3| 4| 5 |ofitems

Deflection (%)

Perfect | under 30;m | 0 1 0 0 0 D
30~200zm | 0 1 129 |10 3 43(61)
200~400;m | 0 2 ] 0 1 11(15)
400~600m | 0 0 2 1 0 3( 4)
Ist order ey 800m | 0 0 |13 0 0 13(19)
over 800m | 0 0 1 0 0 1( 1)
Sum (%) | 0( O)| 3( 4){53(75)|11(15)| 4 6) | 71(89)
2nd order| 30~200m | 1(17)| 2(33)| 3(50)| O O)} OC 0) | 6( 8)
3rd order| 30~200m | 0 0 0 0 1 1N
4th order | 30~200m | 0 0 0 0 1 (1)

Table 4 Straightening results of rack bars

Number of

straightening cycle 11 2]314]5]6 7 Average

Number of items 130 15 25{ 161 7| 2| 1] 3.0 cycles
Average time
required for 7| 13) 20] 27| 33| 38 | 45| 199 sec
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