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Evaluations of Swaging Process
for Rotor Core of Induction Motors

Sang-Chul Park
Department of Naval Architecture & Ocean Engineering, Koje College

2 o AAAA e AR AL e FEAETY 3RS A7 9131 rotor core slotell Cu barE @4}-S(shrinkage
fiyZH o2 AT & bar FHS punchE FFHLOE SHH 02 1.5-3mm U (swaging) 2 Al rotor core slot¥} bar 3
Zmo|| 2-2-3= contact tangential force®] F7]9} BXE w<3tH 2319 plane strain 3|4 2 A8 ALE-sto] z12he] F9lzA

o] thale] Hrlel o w3k YA 3EAS 1183 rotor core slot A slot HAto] WHE HE2YH EXE H718 rotor
core slot AAIA Bas ARE AFetirz $231414Q1 WS AE-810] parametric studyS T3t o] ek ©aA
21514 A3 1) rotor core G PZAA] bar HETHl 21-8-3}= contact forcet™ A/ H o] WA WA= bar Ao ZA
2h-4-34 2) =214 < rotor core Y UZFAA] bar FEHol 2831 total contact force= BFZ 217 3 baroll that i z+<del
oAt of &g o 1 PO oF 55% = total contact force”} SV 3) A4S 118381 rotor cores A AIEHE
789l contact forces S7FA17171 $131A1= core slote] FHTF Aol& ZA aF= Zlo] vl Aslvh= AMdS & 4 itk

Abstract This study evaluates the magnitudes and distributions of contact tangential forces with the swaging depth
of punch acting at the contact surfaces between a rotor core slot and a Cu bar during a sequential rotor core swaging
process. The effects of the core slot shape on the magnitudes and distributions of the total contact forces were
investigated to improve the productivity of the rotor core swaging process. Parametric elastic-plastic numerical
analyses were performed using simplified two-dimensional cyclic symmetric plane strain models to evaluate the
contact force distributions at the contact surfaces. The numerical analysis results show that the total contact tangential
forces increased by about 55% with the adjacent Cu bar swaging process. The length of the core slot is a dominant
factor in the core slot design as result of the increased total contact tangential forces during the swaging process of
the rotor core.
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1. M2 o] Q=g 1 oA WA (rotor) = AEY] F& =W
oA FQo3 AEE =4 o] 3 3] A A= rotor core
A 02 WFAFE Wol 7|7 58S DAAT]= slotoll Cu barE &BM3(shrinkage fit)'3Hoz At
5| 4715 AFAE7E et 2 Sl FedEsr= % QhQl(swaging)FdS F3}4 barE rotor core slotol
7o) ARaa Aol o} Aot A Wel  mANA AfEn QT qrlaele duedelown
AR I QT AETE o] THA] BEEo R A rotor core slotol] A% Cu bar 558 punchE ¢4
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Table 1. Chemical compositions & mechanical properties of rotor core (weight %, kg/mm’(MPa))

Materials | C si Mn P s Ni Cr Cu Ys TS EL.(%)
$823 0.02 113 04 0025 | 0008 | 002 | 003 001 (22239) (3399'19) 37.0
g
T ZlolhE AAAIA FHARJ] AWES AR e 2.2 A&
2A] Cu barE rotor core slotol]l LGA7]= A A o] Rotor coredl] AMHS-H AJAL $S23 Ao Cu
o e 3] Al Al DS Cu bar7k AL barls pure copperE AREEA Utk o] AR S tlE
Aol =EaAEA EAGARE Aol BASHE A5 g8t AR 9 71414 42 Table 10 YERAZITH2].
7b lom olgjd Aol 2HE WA FEFS A
oAkl GRS v Ao RA A 2.3 2x|sHA
of A€Eol 1 vk wekA 2 AFelMe ol 2.3.1 Rotor core SIIxiel Ty}
Cu bar %4214 core slot} bar &40l WAIsl= 23] 2H4]-2- punch core slotoll 49 Cu bar ¥
% (contact force) TEFHE FAAA A WS S WA 3 AR Zdojursto z glele ﬁz‘s 3z 1o}
ARgstel gl el met 7kekal B3k core slot oo o1 gk Cu bar o] Eate] Elak Fele A
AAM slot Bl mE HHH wET DAFEEN o 5 wmape Aiugeln. ol o Ry
rotor core slot AAle] BLF HHE AFSLAL SAHI]. 1 opeyarer e 2=xgjai ol WS ALLalo] 71517]
SeiA st MRS AEstoinh s A<l
rotor corei= ©2] 7HA] T TollA 7P 8ol AHE =
2. 28 %47 310mm, W47 130mm, 77 0.5mmel 2
= Ao F442 Fig 20 YeRiSdth $41 314
2.1 SEEY =4 Aol oo w BatelAi e A4 plane
0 FAZE SR rotor coreS YAF EOIWFH B inzpon s 234 BAlR Baslsid on,
Ul ovendl Al oF 200CE AT F ZHUIM 7 gz=mepon sqdow olFaua Saas ool
2l rotor core®] slot 2ol AHFAAOZ CubarS  ejo] tiako] core slot?} bar HEWo] HHEHE contact
Argitel ARG T vl A USSR e 2] W Bxol] gid deke wbakgl ol# s
8 F7F AE - F ARIE Cu bar EUE ogps ws1ely] st Fig. 37} 76] A4 rotor core
punchZ AHE-ate] YA 2ok 1.5~3mm) s &4 o kel 1/4¢1 90°, 23+9] 4-node, full integration
3to] Cu barZ rotor core slotoll ILAAF]aL QT o] plane strain XA DS 850 punchE %744
g ARl 3 A E Fekel Y o

3134} R5S Fig. 10 YRR

Fig. 1. Rotor of induction motors
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T B AHEgS JeER 1o force’t dHE-5H=
ko] oJste] +, -& YERN AL 9tk Bar AE punch®
4915t punchE AAPES ® bar A HEZH| LAt
+ contact force= ¥l 23 core slot¥} bar7} 3
5= bar AFFEe F5A R dAsa glom 1
2 bar T WM
2tk 3 punch® €133 bar BE Yt 49l
bar A M contact force= -2 BT FUH
7k B3-S YER Y punch® bar C
Aol 1 o] WASHA| FdTh olH e 4
$-of| Z83l= HEY EXE core slotd bar7} FE
= AA Aol tiste] §3le] total contact force=
Abetglom 1 A5 Table 20 HYERAITE Table 2
FE A2 Al bar & 2-8-51= total contact
force= 3 barell thek b2 vba 1% g baroll
gk FAASdel Jsiant daks weTthE s o F
o FHoR O JEFs Wkt A8 &
bar2] AA2Al 28k oF 55% total contact force”}
[

Fig. 2. Shape of rotor core
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Fig. 3. 1/4 numerical analysis model of rotor core
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Fig. 4. Contact force distributions at bar A
(a) Bar left side (b) Bar right side

Table 2. Total contact tangential force at bar A (kg)

. Bar A Bar B Bar C
Location . . .
punching punching punching
Bar left side -161.34 -249.97 -251.20
Bar right side 161.52 252.48 254.57

2.3.2 Rotor Core Slot A7

Rotor core AAA] A1 S 1este] Y=
AAl core slot FgHsto| w2 52 A7] 9 2¥ 9
W3l gr)elr] 9ate] Fig 59 28 239 ©<d} g

2
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symmetry =71 02 AAXAE PG @ F
oy fsto] U3 4-node, full
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core?] Ul hole shaft7} 7]91X]&= FtolnZ BE W
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Table 3. The size of rotor core slot, Cu bar and punch (mm)

Core slot model Case-1 Case-2 Case-3 Case-4 Case-5 Case-6
Angle S 12.85° 12.85° 12.85° 9.0° 9.0° 9.0°
a 10.263 122 15.037 7.184 8.54 10.526
Core b 252 212 17.2 252 212 17.2
slot
. ¢ 35 35 35 35 35 35
S1z¢
d 3.365 40 4930 2355 2.8 3.451
Cu bar a 10.163 12.1 14.937 7.084 8.44 10.426
size (r:0.5) b 25.15 21.15 17.15 25.15 21.15 17.15
Punch D 3.165 38 4.73 2.155 2.6 3.251
size r 1.582 1.9 2.365 1.0775 13 1.625
H 8mm, ¥ 12mm, =°] 19mmel APHE S Z core Cyclic symmetric angle OF rotor core A Ao &
slot /gl 474]"10] Bl %_Jéff& FAE A8 A = slot ¢} @A gled & s E 7P 2
3, &4 291 slote] 2871(6=12.85°)} 4071(6=9.0°)%1 27}14] 7

ol st slot |+ Walol] wWE 34S Faet
3t sloto] Aol A symmetric angle 67} &Y 3 76'
o] = A slote] ©HA ] 32 Y dAsIThE 24
AREEF91 o 7] rotor core slot¥} Cu bar] -2
&2 FI} A 0.05Smm=E 7SI S Eed
punch”} bar “3F-EH| HE3E AEoA Imm/sec
L2 oy W3o R 3mm ¥ gt dYUARE HE
oo = Zow AAstelon, oju §4¢je] Xad wjet
punch7} 271 el & EFolxts w core slot¥} bar 3
o) 2183l contact forceE H 7181 tH4,5].
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Table 3ol YElH case-1~6° thsle] punch”} bar
Fig. 5. Simplified rotor core analysis model - SOy e 2 3mmitE gelsta kR
A AAE Folzks wf A4z ggzlold tiste]
Cu barell 288t 5] £25 718k Punch
44 ol7F 1.0mm, 2.0mm, 3.0mm% W core slot¥} 3

Z%& Cu bar =Wl #4831 contact tangential

forceS Cu bar 3HF-ollA] A FwHrekel] wlel Fig,

o e EIEs 7.(@)~ (@] YeRAA
bar Fig. 7.(a)~(b)oA HZEL 4z o]l ImmollA bar
3 shrad el AFHoE A WS, Fgel
— puach 2mmoll A SH7RA] AR o] WAske] abiel &

go] A S7kehs @S vEhiv hizlo] 3mmel
Me o A4S YeEiIh Case-1904 h9izlo]

Fig. 6. Shape of rotor core slot, Cu bar and punch
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3mmell Al contact force 3= A3t U8 case-3
AqME Zw IR AWE UERiIth o]zl
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total contact tangential force:= case-1> -191.0kg,
case-2+  -158.3kg, -107.6kg, case-4+
-129.68kg, case-5+= -106.9kg, case-6-> -81.9kgS &
4= 9lth o] 24 rotor core slot AAA] AYakdS 123}
ol AFES S7H717] feiA = bard] FH(a)Htt Zol
(b)s T7H71E Aol vigAsitte A& &+ AUrh

LN:

N

L

F10 ™R e
N o oft oX
fo ©

1

QQ.

N

case-3<

0 .
\ I
‘ "::j —*=1.0mm

P AT »

g O [Tty % —=2.0mm

= m —*3.0mm

@

S -10

[=]

P YN

2 15

g AL

g [ ]

£ 20 1

] -'.I""‘t:

5

8 25
-30

=]

5 10 15 20 25 30 35

Distance from the bottom of bar (mm)

(a)

o MY | |
A t t
2 V'\\. —+1.0mm
> B —=—2 0Omm
(5]

o \ —* 3.0mm
o
= \’«

& \

S-15 [ *os

=4 [ EEEaEan ey
i) W--
g2 -‘-::ll""- o223
4 i

5 =a
o -25
-30
o 5 10 15 20 25

Distance from the bottom of bar (mm)

(b)

- TV 3 —=1.0mm [T
—=-2.0mm
-10 ;\ —#3.0mm__ |-

-20 .
L]
\ .plk
-25 -

Contact tangential force (kg)
|
a
l'r.
!

o 5 10 15 20 25 30 ES)
Distance from the bottom of bar (mm)

(c)

e T

~ 5 - 1.0mm |-
(=]
= \ —#-2.0mm
8 \ —*3.0mm
2-w ol
) | =
g ;\.r:,'...'...““\ .
LS
550 .
: T
i) "
[
S-20 !

4

0 5 10 15 20 25
Distance from the bottom of bar (mm)

(d)
Fig. 7. Distributions of contact forces at bar left side
(a) Case-1 (b) Case-3 (c) Case-4 (d) Case-6

—25




A 71E8 8] =2 A AlTd A0, 2016

P References
5 °° % X —Case-1 | |
=1 \’.\ = Case-
g 0 +g:§Z—§ """" [1] J. H. Park, J. H. Lee, "The Characteristic Analysis of
& 180 \\\ Single Phase SRM Considering of Rotor types", Journal
£ 200 \:'a\ /‘/’*'/: of the Korea Academia-Industrial Cooperation Society,
& 250 p vol. 11, no. 11, pp. 4522-4528, 2010.
% 500 \ Zr\'-\f‘ Au DOI: http://dx.doi.org/10.5762/KAIS.2010.11.11.4522
E —350 '\ / ] [2] Metal Handbook, vol. 1, 10th Edition, ASM, 1990.
3 zzz * [3] MARC Users' Manual, 2003.
500 [4] S. 1. Seo, Y. H. Cho, J. Y. Mok, C. S. Park, "A Study
0 1 2 3 4 on the Measurement of Contact Force of Pantograph on
Punch Depth (mm) High Speed Train", Journal of Mechanical Science and
() Technology, vol. 20 no. 10, pp.1548-1556, 2006.
DOI: http://dx.doi.org/10.1007/BF02916259
0 ‘ [5] K. J. Oh, K. H. Kim, C. H. Park, S. J. Chung, Y. Y,
5 ° : 5§ ~—Case-4 [T Lee, "Formulation of Friction Forces in LM Ball
< 0o 3 = Case-5 [l | | Guides", Transactions of the Korean Society of
5 150 o ~+Case-6 Mechanical Engineers, vol. 40, no. 2, pp. 199-206, 2016.
E oo W . DOI: http://dx.doi.org/10.3795/KSME-A.2016.40.2.199
T W e e
%—250 gt T [6] N. G. Park, J. M. Suh, K. L. Jeon, "Contact Force
% 500 . .’/‘ / \ / Model for a Beam with Discretely Spaced Gap Supports
£ 5o \ u! and Its Approximated Solution", Nuclear Engineering
3 w00 v \ / and Technology, vol. 43, no. 5, pp. 447-458, 2011.
g i DOI: http://dx.doi.org/10.5516/NET.2011.43.5.447
-450
500 [7] B. S. Park, H. D. Kim, H. S. Choi, I. H. Park, "Analysis
0 1 2 3 a of Contact Force in Eddy-current System Using the
Punch Depth (mm) Virtual ~Air-Gap Concept", Journal of Electrical
(b) Engineering & Technology, vol. 10, no. 3, pp.
) 1349-1355, 2015.
Fig. 8. Changes of total contact forces at bar left side DOI: http://dx.doi.org/10.5370/JEET.2015.10.3.1349
(a) Case-1, Case-2, Case-3 (b) Case-4, Case-5,
Case-6
Bt Ab Z(Sang-Chul Park) EEE)
3. 22

01985\ 29 : Al EUidtul FME %
-kt (}_H_-_b‘l—k]/\]_)

0199851 3¢ : eEfoleFH T
%ﬂ_-_sh,].( X‘ﬂ—&lﬁ;‘tﬂ’—/\}-)

* 1987 129 ~ 2008 8¢ : 4k
A7EdATA AT

0200851 9¥ ~ AAl : AT
8¢t g

1) Rotor core ¢%UZAA] bar HEW| Z-gate
contact forcet =
Yol A #-g3 L] }o=2 7} 3 <FilEok
Fol| =A 28 O]'D:‘ ]"l‘i 2T 1::—1—\_]:}‘-

2) 21491 rotor core A

r
jus)
=
>
o,
e
rot
o
8
=2
=
ot

3= total contact force™
FAzrgel oJaiARt JEs wrorm 1 Fgo=w

F 55% A total contact force’} Z7}3Hc}.
3) A4S 31831 rotor coreE AAISHE -9
contact forceE 577171 134+ core slot9]

Enut 20|18 27 s o] wakasi,

26



