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Feed rate optimizaton of a PMLSM driven feed drive system for minimum vibrations

Young-Hyu Choi*, Fung-Young Choi” Gyu-Tak Kim™

Jl Abstract ﬁ,

This paper presents feed rate optimizaton of a PMLSM driven feed-slide for mininum vibrations by smoothing velocity
curve with finite jerk. First of all, the PMLSM was designed and made to reduce detent force. Next, a PMLSM driven
feed-slide system was mathematically modeled as a 4-degree-of-freedom lumped parameter model. The key idea of our
vibration minimization method is to find out the most appropriate smooth velocity curve with finite jerk. The validity of
our proposed method has been verified by comparing computer simulation results of the feed-slide model with experimental

ones.
Key Words : Permanent Magnet Linear Synchronous Motor(PMLSM) driven feeding system, Skewed PM, Smooth velocity curve, Finite
jerk, Genetic algorithm
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Fig. 1. Double Sided PMLSM

Table 1. Specification of PMLSM

%8 g 29 LI g
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AALYE | 12 [T) & 7.78 [mm]
QFEAH Z | 12.5 [mm] £ = 12.22 [mm]
A7AN Eol | 75 [mm] | &% ol 30.55 [mm]
G744 Zo| | 52 (mm] | AMHF[HD] | 4.24 [A/mm]
ERE 15 [mm] 379 1.2 [mm]
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Fig. 2. Thrust in steady state operation
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Fig 3. PMLSM feed driven system.
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Fig 4. Mathematical modeling of 4-d.o.f PMLSM feed driven
system.
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Fig. 6 Finite jerk curve
1 23 26| F2|

&9 Jerk A=E W] Al A8 A delFef
A A et A3 ol Ptk

A% y={1v2vs}
3 ) 2
Minimize @) =4/ w [f'(Y) 2)
i=1 f *
A71A, fi{y)= Hd IS, L= A5 HA4EAE
RMS2),f, (v) & 7FsAHe] ol4A7 &, w & o] 1

715 2|(Weighting factor), f£9, £ 3, f 35 27148 A#
(Scaling factor)o|t}.

4.2 745

olFA 7HEE HA FAE BV AY A F&=2A

£ AASE o] FHZAG Y AL WYL Rojslel 7
e e AAAHORA AR MeE 7psAo] Yo}
AA gk B ATIME 2T 2L T4 20S BT
o.

gl (y) : [zmb(y)]max - [xm'b(y)]a < 0
&) [u®lm —Ea®l. < 0
g3 (y) : Izl (Y) - 2'71»- (y)l < Lerror

_99_



714, o, W], O 5AS WEANE 8§ A oI,
Toror= AHBA - 50 04729 OH2 10 [um]E 4
H5i9ct.

2t F42700] g AYE Yoot WA Bt oot 2
T},

. _ 1
<. g .
ply)= €- clxz(g'(.))2+62><52 '(f') (4
i=1 g = &

of714,8(X), (%) &= i) 74249 HHlevelst
K R DI

g, =
F45e) 3¢ -1, Fdiste

Hgoln, 6, &2 & 7
6 =¥y, 28 €
3% +1 otk

|,
=
.

4.1 HEHH =23

AR GRFE olg3to AT M3} 2P
E5E Fig. 79 Yehfi et

Input require data |
]

[ Generate initial population I
11

I Evaluate fitness function I

]
1

Reproduction. Selection
I

Crossover with ¥ ¢
SSOVEr

[ |
[ ]
| rviuta!io’n with #~ ]
| |
[ J

Generate new population
]

Evaluate fithess function

Check termination
condition
Yes

L Make output data files l

G

Fig. 7 Flowchart of the optimization program using 2 genetic
algorithm
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Table. 2 Input parameters of genetic algorithm

Parameters Value
Maximum generation 150
Population size 60
Number of variable 3
Probability of Crossover, o, 0.8
Probability of mutation, p,, 0.01
¥ 9
Length of binary Y2 9
string Ya 12
[bit] 3
Yy 30
i=1

4.1 =z} @
Fig82 HH%t 4 - $9 SEHES Uehd ol

RS XRUT

[ T NS RO i i ;
RIS f 81 A2 X Ry 6% L 3% B D% £3 OB L

Before optimization After optimization
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Fig. 10 Experimental setup of vibration
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Fig. 11 measured acceleration of moving mass
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Fig. 12 Actual and commanded velocity profile
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