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Design of Linear Synchronous Motor for Thrust Force Ripple Reduction
using Module Phase Set Shift
Gwang-Hyeon Ryu’, Hyung-Woo Lee™, Su-Yeon Cho", Se-Young Oh", Sang-Hwan Ham®’, Jong-Bin Im", Han-Woong Ahn’,
Ju Lee’

Hanyang University”, Korea Railroad Research Institute™

Abstract - Rotating machines are using gears to change the rotary

motion into the linear motion, on the other hand, linear motors have aE M7k A
a accurate posmor{ control and excellept dynamic chargcterlstlcs (300km/h / 700km/h) 7794.23 V_rms
because of generating a thrust force directly. But the important SEERPYREATS:
problem, one of the linear motor is a high thrust force ripple. Thrust Hooe wH 4857.00 vV
force ripple has a bad effect on the position accuracy and the (300km/h / 700km/h)
dynamic characteristics, so it is necessary to reduce the thrust force dY AF 1583 / 758 A
ripple. Cogging is one of the cause that affect thrust force ripple. (300km/h / 700km/h)
Cogging has some connection with the GCD between pole pitch and = 10.00 mm
teeth pitch =
It is proposed method to reduce a thrust ripple of the linear motor xﬂ—'/\q Z—];i] 12252%%2) mm
that chamfering, skew, and so on. In this paper, the module phase set e = : m
shift(MPSS) is used to reduce a thrust force ripple that has a similar =5 7 200.00
effect to skew. And propose a method that reduce a thrust force B~ Z 100.00 mm
ripple more by use of chamfering. 83 = 100.00 mm
.M = o] /5% 220.00 mm
= &5 Zo] 100.00 mm
o = = g s o o 7 "HF
LSMe A, 5 Al F8 g&9 29de 98 7AY § Jden == =T 200 turns
288 #9329 * Aron Agwrh xus FRuwe 49, (AAZ / SHANR)
#3479 A Rqslel S ool d FYE AR EDRES 25.00 A
N84 Alolel el SIRARTORE 44T B old, SARAE 2 FET P g 1.00
QI 77 wEel FHYEY Az i HA D Aole dFHo Aok 2@ g2 100.00 turns
w4 A7e 99 wpe 48 545719 fAeT dE g8 1= o7 :
Aol wyon wA 9 5 AA4d 27 SkewE FE WY, ARE o &3 A 100.00 mm
TANeR & A, A4 A¥HoE sk Wy, ¥ LoE A4 A= 46.00 mm
S, £25 O 35 0B A P, A Eve) wESE =% 2ol 50.00 mm
2 Fobshe My, Re A&UEY GREANL ol g3 Wy 5o 9 £% 50.00 mm
o LSM9 A%, A9 WuEel 0@ Aol olsha ok med
LSMel A& 7bs@ 2AEA Agk AAge dd d79 =07t m= 2.2 FEM2 0|83 7|2 3o EM M
Adsolor ¥u o] fg FRsANNS A8ae] AAMe] A FEMZ ol§3lo] 7|2 mdo] tishe] Haize] we 8 2 9
Szlo] et HFo] ey ojof s} wa FAHe} e LSMe 7 FIZHAS st A Ry B 32 gaxUwe Rye o
540l wsiA Azt dA WFEe] mAe 9FE A Sk a9 19 JeRQla 39 2014 54L& mola gtk

] E
AA shehEEel Wak VAL 93l telA stely 24 £
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2.1.1 LSM ¥

LSMe] AA =& olgle] 13 Zuh 83HE 7% 79 9 A
AA F¥& 81.7[kN]olH A % 300(km/hlolt. = & 1071 4
S s EEZ 209 EES 2 " N9 EEd dd 4
AE 20/E S A7E AAAA 54 ok 4 Aok 105 A
AE YA da EA4E ZAGA HW s A7ke] 28 HeEA Hu
2 ale A= 4598 YAdste] d4E skl

<E 1> LSM M3 Spec

AAGA Rzt 0°0 A FAAA AS, BEFELE 41917N]e A o]
24 &% /LSM 14 6.81 MW We] 2 2% peak to peak @& 307N, oA atel
71 FHAA =) 817 N Fol st s|d Azoln o]g 20ue ERER AT A HiFHPL
(300km/h / 700km/h) : 8375[kN], 9 21&2] peak to peak #h 7T3.92[kN]elth. H¢ F¢ df
Z5 H) 29 2o A7)7F oF 8% AL v A wbd 54 54 2

0] % Q) T ) o = 0o E O h=R
(300km/h / 700km/h) 161.50 /376.80 Hz gz}]ﬁﬁfJ—ﬂ Aol W FA F& EAS HolA H7] giEd el
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2.2.1 MPSS Hg zH

HA A BGEol LSM 712 AA Edo glojx 38 g&o] dit F
o tjnlste] o 88% BEE X}Z]O}"’ domz o]E FHAHOR F
ol ool a7 AL, oo el ¥ wEAN A WAol vz
MPsSolt}. 717194 517 EEL Ea g5 Afs] A %
oro g AFE Fuh mAAS HA o x—!xg uelo @ HEYS Fi=
Row W siwe] 243 W oAue] ANol AR RS sl A4 7
Zho Mol gE ARsd F ol Ar AAHREE dto HES Fole
AARSCCHAAL osh ge Adz A% wgewns rqE E

Atk SAIRE o]} 2 AF WAL A el dio] EAfFT) ut
3}*1 B m=FodAe AF ddfo] obd & W do] wFoR A&

SRS S wAS Aedn

o)A ol ES & B Y+ A%
MPSS el 48wt orelel 13
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