BaPUTeEA A 25 @ A5 (2008 d 5 Y)
Journal of the Korean Society for Precision Engineering Vol. 25, No. 5, May 2008

ST @ AM - FXZE & 0|S-EFAH AT |
2LO|RE X FHM5E E8 M5 &4 (1]
g3, olEQt”, 2018

Performance Improvement of a Linear Motors by Structural Optimization
[1* paper]

Young Kug Hwang’, Choon Man Lee” and In-Ung Eun'"

Key Words : Linear motor (2]Y©] %)), Feed mechanism (©]%7]), Structural optimization (7% #H 23},
Moving table (¢]%E] o] &), Cooling plate (*§2+%), Thermal stability (B4 <AHAA)

1. M2 Ak

TA7IA T AL ALeFE FE

g Ax FAdME GEFT 2F4 9 71 & o)l o g AAANE F2 1Y A
7139} 2 wE A H3lo] fASA e 5719 Fo B~ Tr(Ball screw), Ebol® WE
A ALY A A2® AE J1E ARAE S (Timing belt) 52 ZAXWMP7|FE Atsld X
ol REIIEA Aatel Adol udd] Fast % &= E xﬂoiﬁ}% Ao} o) RRoidrt. 2}
o} Fig. 12 AFQ FHG AN e B4y olg]gl WAl HAMWUE|FY F&o utE v}
o] atol2 uebdit), Fig 10]A BRE ule} o] W 2 A (Backlash) $ 2.2 Q18] 113 “‘ , o, 17k
71E9 HE719 & A2 BdFS & 5o Addd 1 g4 U3, 511 ol Al ¥
81 3E AFY /571 dAHHn AFY F A 8T 7€ FSEE DEAINA Bi=
F& selsln st Aol ] Mo u AAo|t}, olo] ZEE AHHA AXFFo] 7}t
A o5dal ol WEA Walsle e 87 %% gyl ZE(Linear motor)E ©o|&3lo] &,
of d§3t7] falde AF THU ikl A IAE, 27MREE A7) A A7 2ol o] F o

57 gt A2e 40Es a7a ol ¥ A% 9)
A7 A § AN ST Boho e A2 e QY
of teE & Y FRAN A8 AF5E ) S e
4g BER FEH9 258, o$AY 258, OF Rk
s}, Bqstel e P 71l olFojxn
gz J)ALATES oty

T ALdSRE AAAA TGS
T ANFYYE B A

23BN~

| e S | e
Tel. 031-496-4764, Fax. 031-431-9549 b { I SN
4% — B2 FF - OY CHEE A-TOT

Email iveun@kinst.ac.kr
TA7NA 53], FvjoliiEl Alxg Eofo] -4l % Fig. 1 Production method according to products type
g5¢ stz Aot and quantity

o
4
3]
[9:9
-



F9F . ol2 - £AY

R FAYFEA] A 25 F A S5 E

gUolEE = 71&9 AdEIIT4E 99
R WMWHLE AHEHA] @ 7)o | =]
€ v FUEFAUAZ WAANAFD, ¥
T ?g}gibﬁ oho) 9% &4l aM°1 7ol
dzo] gRgol nyLdE 7F& HEE & gl
ou, ol RE BFHNALEA =
28 GA 48 + U 2@ AFHIT B
Hzo] AFol 4 Hags 4PE & 3o ¥4

A2 3t Aol 7hEde Fol glojA

Fgol Zldidnt. A& whE FEE WETL F
A sHERe 2 TS AHde 44
= Aok W ?414019_51“ B8 1A Wy

Bl r
H1

g 4
oy

m‘i‘iflOPﬂ

2
I
mﬁ‘.
N
o I
L‘
i.
é
Ha
2
- O,
oft ¢
Zi
_xg
l:l
oX
)
>
o
o

Bhel fﬂr% EEH *é: 11'8}% 24 %87t
ol 71A Fxo W@ FEF me7t it
T3 AEH HHA e 57 22 AN
RE A gt 52 dol ZA TA= 9%
€ 4= sjof g} o]HY YojRH AaHL
AR TE A AAFL Fegoag ¥ A
Hat oA Regsor € 9H S /X3 Ao Fig. 2
A= FHAYARE ALF FH7AA HE Al F-
dHE FEst ez gl

Advantages

0 High control performance

= higher Kvfactor, smaller tracking
error

=good positioning accuracy at
high velocities

O High translational speeds
possible

OHigh acceleration possible

= inversely proportionat to moving
mass

©Unlimited travel possible

0 Omission of transter elements

N0 wear

=no backlash

Disadvantages

© High magnetic attraction
between primary and secondary
part

%4 O Force transmission impossible

O High power loss

771 O Great heat development within

the machine structure

.| O Difficutties with chip removal

=fewer component
e>easy assembling
=iong life time

Fig. 2 Advantages and disadvantages of linear motors
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Fig. 3 Classification of linear motors

Table 1 A field of application with linear motors

kS = %7 S84
2gyo] % | Linear Induction LIM ZeE
2y Motor T A
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Table 2 Characteristic comparison of linear motors

LIM | LSM | LPM | LDM

RN R
P2 | [{e
Mo | Mo

offt | of

ALl 2
T

J e
o | Ho
olft | offt

=0 b
(e
fo

ol [ ol

]

et Iy b
1| Ho [He
Bl e

s
i
ﬂ‘&' 22
o
o,
g,
ot

N

ki
olo
oh‘ oL m

ox | T8

R
I

AT Fg
7+

o 2] Azt

> O0|0|0|0|0|0|O®0|0|0|0|0|0|> >0
olp|>|ol>|O|O|O]0|O|0|O|>|0]|O|O|0

O|>b|>|0o|>|O|0|0|0|0|00|0 0> |00

Olr|olo|>ir|ib|O|IO|O|010|C|>|O]|O|0

Vol RE & AR WAyl ok} Fig.
49} 2ol  H|Z2(Single-comb type)?t UF42]
(Double-comb type)2 8 WF7|E 3l AZALS
TA ol Zrgste] AR FA 7L AT o] FHEF
of dafx FAA BFoz & 7] FIHE A
AMAle BARE 23 Ao o ol g AA7)F

o W27t Fastth @A YwHoE AR 9
£ ARl Pzt 89, duol seol=
52 Agste AANH B, A7) 2PN 5
o Atk FEHAL WA o] BRI AU WA
22 A7 FA 4G LA BANA Gt v
W 247 AdolE #A AAsa FEe) 42
o) ARshA Aeloby Best goms vz
A%l APsth By AY7AAAE FH9 A
F2gol $HHOE neHo] HEHo| B 0§

Hi o

Single-comb motor
" Primary part

' o TTTTTTITY

Short cireult rndsm

Secondary parl

(a) single-comb linear motor

Double-comb motor L

, dilil Primary pan
= "] Three-phase m
"
3 3 d

winding

. " . Shor eircult rods
l ) Secondary part

(b) double-comb linear motor
Fig. 4 Single- and double-comb linear motors
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Fig. 5 Inertial cross talk

Machine table
+ high bending stifness

* reduction of the moving mass
<> light construction

Machi .

+ short kinematic chain

* counterweight at the vertical axes
» braking of the linear motors

Li id
»acceptance of the high normat force

Erame
* rigid construction with the high| | < small fiiction feed
mech > ot *hi issi
g
Thermal measures
I " " Cantrol system
. ﬂunld cooling required + short sampling time < 0.5 yis
isolation * high current control bandwidth > 2 kHz
. dg'tal_ contro!
Measuring system
* high resolving positioner
L04m

Fig. 6 Demands of the machine concepts with the
application of linear motors
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Fig. 7 Schematic drawing of conventional linear
motor system
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Fig. 8 Schematic drawing of proposed linear motor
system
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Fig. 9 Geometric parameters

Table 3 Variable range of the design parameters

Design variable | Eover | Il | Upee
Afmm] 3 5 8
B[mn] 3 5 8
Clmn) 170 171.5 200

Design constant Initial value
D[mm] 10
Efmn) 265.5
Flon] 135.5
G, H[mn} 65

Fig. 9% olFH ol &9 P85S etz 3



B9 . ol

[+] o
U5

FZAYFTENR] A 25 A A5 %

o, Table 3& Z 34 GAE HAAMTY 19
g 271% 2 H9E Y ERESs 3
Fa oz 3k YA AE sP 47 F
HaE A : 62mm, B : 1.4mm, C : 160.5mmE T3}
Hor, z7|mdol vls] AHF 3.6%, WY 12.4%7}
FAHE AoE U o o] Axte FAAA S
A Zz o) wrd skt

Table 4 Methods for the optimization of the thermal
behavior of linear motors
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Fig. 12 Temperature and velocity distributions in the

linear motor system
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