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Abstract

Electro Electric Systems Division of HHI is developing new series of models for industrial
mid/compact size motors to satisfy the demand of costumers. Various essential technologies are required
for motors to support design technology on design and development stage.

Conventional motors have several things to analyze for mechanical strength and structural
deformation during manufacturing process or operation. Therefore, the manufacturing cost will be reduced
and the danger of accident during operation will be prevented by recognizing and revising the problems
prior to actual manufacturing and operation.

112 Frame motor (3.7 kW) has been analyzed for this study and the basic analysis technology is
eventually developed by analyzing other models gradually (sequence of 112, 135, 250, 200, 280, 225, 160,
180 Frame motors). Then, the developed technologies are established as main factors to support the
motor design technology and competitive motors will be manufactured to satisfy the costumers.
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21 G¥HE o4 (Thermal Analysis)
211 dAxH (Boundary Conditions)

2dg deslshy] A Ake GFLE dMd 29 Frame2 2EY sch 84 4L YA
24& #44o] 2ol YEE Frame, End Shield, Stator, BoltZ B&3stg.on Stators] %% £% &
AU HHE Cylindrical Hollow® 7338t} 2t %9 A4 L Frame#} End Shield® Gray Cast Iron (3
F3), Stator® Alloy Steel, Bolt® Plain Carbon Steel2 F1A 1 1 243 g3 goh

Table 2.1 Properties of Materials

E a ¢
Young's . g p, Therma! Expansion Tensile
Poisson's Density .
Modulus Rati [Kgm/mG] Coefficient Strength
0

{Pa] [/Kelvin] {Pa]

Gray Cast Iron 6.6178el10 027 7159 1.188e-5 1.76e8
Alloy Steel 2.068lell 0.28 7800.1 1.33%~5 7.2383R
Plain Carbon Steel 2.0681e11 0.28 7800.1 1.33e-5 4028

E¥Y M2 Stator AT Frame el HEAA of@ ¥ dojrbertg dFsed 713 & 834
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Source) Stator®] FYLEOIRE 1 AREY 736°CE Stator WHo] F3Uch Stator 4B} Frame WH
o] H2Ee g3 gof i Mg enR 3 F&3 o Heat Flux?h 13700 W/m'e! Conduction
- Mg FAR Frame YEH Finoles Film Coefficient?t 500 W/m/Kolit Bulk Temperature?} 20°C
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Figure 2.1 Boundary Conditions for Thermal Analysis
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212 &3 24 (Analysis of Results)

Figure 225 € %79 98 2% B#¥5E BoF1 v} Stator A%Fo] EYo|1 Frame 22 Fin
AbolZ Cooling Air/t E3stEg &% X & AFA wpgZoz UzdsE 1o 257t Yty (7165 °C
> 210 °C). <% Y& AzzA BdH o 1 e ade 35 vehd ok of A g2 &
£38g A=) Input LoadZ 2Qch I 814 Aas do)A Stress Profile Figure 2.3 Displacement
Profile& Figure 24¢] utebstth Stress Profile2 ©Ald o2 14 FHolA A ZoxRE 7trto] ZFE
Stress7} B4 AR Maximum StressE Bolt A2 ¢ (Bolt Hole) F¢lollA Aot

Figure 2.2 Temperature Profile Figure 2.3 Stress Profile by Thermal Analysis

(a) Isometric View (b) Front View
Figure 24 Displacement Profile by Thermal Analysis

Figure 24004 Bax5o] nAYA oM HejdLE 1 Aol WY & &+ Y& AREI A==
Displacement?’t 3 72t} Maximum Displacement Frame 9| $% 9 F2o]A 0.136mmeE LA
t}. Frame®] WA Stator &He] HHel4 9| Displacement =% Maximum Displacement®l] ‘83 0.130
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nn 3 %9 Displacement7} A3l th

22 29 34 (Stress Analysis)

221 ZA =2 (Boundary Conditions)

o sf4olA st go] g Gedldly] fd Fae BFLR Ao 22 Framed 29¥ a3k S
Ao 20l pUle dajAA] AEE 9o End Shield ¢ BoltE tlsle Assemble® 1Tl Figure 2594 B
A% Restraints2E 4719 v12% Bolt HoleS A 3% 31 Statord] €)W 2 Framed] ujdo] & FHd
A7 Torque (195 Nm) ®£& IR 6uld dFaE Torques (F7H/FAEAY Torque) FAIL Stator
9} Frameo] @38l+ W3 Stator} Frameo] H3te WA 9] F3}ol] 9§ Pressure® F3Urh J8la w2
o2 AF& FUt AT E%‘°l 9estE 9e) AFH Rotorst Shafte] A& ¥%Z End Shieldd
Bearing o 29 483 FAE FAUrh (Drive side: 18 N, Non-Drive side: 184 N)

BAAE=S (1800 rpm) J}H"ﬂ 6 Hp) 9% AAEAI 195 Nm2 ANSUE, FEL Fabe) o3
Pressure =3 4o ajs pajHch 4o 93 A 27 Stator /¥ F Frame 14]‘?‘;*}01«] Pressure
& 2.037e6 Pa, Frame® End Shield A}o] 2} Pressuret 238.354e3 PaZ AlAb=Rich
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R (Fixed)

Figure 25 Boundary Conditions for Stress Analysis

222 A4 (Analysis of Results)
99t 22 Boundary Condition® RZAEAZ HAM% A7 Figure 267 #& Stress Profilec] Wetstch A
A2 2 Stress= 845led ~ 5¢7 Pa Alo]e] W2 uveldch 181 Gray Cast Iron®] Tensile Stress©
17668 Pa o2 ¢tAEL tg Zol AT £ 3tk

otAg = (Tensile Stress) / (Maximum Stress) = (1.76e8) / (5¢7) = 35
Maximum Stress= Bolt 2% FHoA LAAT 31AT Framed AA Q] WA A Stresst 1¢7 Pa
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o]8tAth. WekA Frame 9@l el A gE thgd) #o] A=A

A (Frame W) = (L76e8) / (1€7) = 176
Frame HA 9] ¢tAE-E Maximum Stressel A9l (Bolt MZAR) ¢HdE&RH A PG CEE Frame?!
AN e ek FHol}

Figure 2.6 Stress Profile by Nominal Torque Figure 2.7 Stress Profile by 6T

9ol go wWog HAAXAZ A4 EAE (T) A71&/3A%AY Eaz (61) v Uea] AAzde
ZA Static AnalysisE A#8%ch 2 Z3Z Figure 273 & Stress Profile® 4% 4 vk AS7AE
g7 ¢8& w2 HHYet AARE S dyo] T LTAFLR ofd i A E£d AP
o BAAZALEE ST AN 29 HAZRATY FIF BARAE FADT 2 /S
(Static + Thermal Analysis) 22¢] 29| End Shield7} Assemble Ho] glomz (F3jMo] e nde
Frame 3} StatorZ% o]2o]H) Frame Y Hol| F£AUA Convection £2& End Shielde] gdo= FActk &
Hald el AAZAL ol SN 29l AT Zrh ol & FAxNoZ HMG A Figure 28
(@)%t 2& Stress Profiled €& % AUk ZZe H 9ol oigt Aatel bAE&L Table 22904 Rzt

Table 22 344 As 2 AAE

B ey | SFES | Hves qi‘":’]“;: g ARG [( 0 Tensie)/ 0 a)]
. AT (3% 48z ﬂ:ﬂ%a Ay e8xe
F 5]
(Pal [Pa] (Pal (Bolt AA%) rame
Static T 5¢7 1e7 1.76e8/5¢7 = 35 | 1.76e8/1e7 = 176
Andlysis | 6T | 708 6.255¢7 %7 |1.76e8/6255¢7 = 28| 176c8/2%7 = 88
: 1.7668/1.048¢7
Static+Thermal | . 1.048¢8 2667 it 176e8/26€7 = 677
Analysis =17
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(a) Stress Profile (b) Strain Profile
Figure 28 Thermal + Stress Analysis with 6T

Torque o) sl o}& AAZQ Stress Profiled] aole JUAUAT (6T 7ol AZA Torque £ BTk
Input Load7t 27} W&ol 2 A3} g2 Stress Profile® o Ath Al 7HX e 3¢ 2F FE2EA Frame
o] AL AL gol Uttt 2@y Maximum Stress?}t Z2lE& Bolt AZARolA 9] kg2
35,28 17 AEE & &S grdx Rk gy 2 B4 nad dart gtk

2259 Stress Profile® (Figure 27) 9/32 842l 9] Stress Profiles (Figure 2.8 (a)) BliLstd
Maximum StressZ ¥ 3971 A2 tade A& 248 & 3k 2 AolE Mesh Wy Ao] dEd
gdojytrl B Ao 241 Mesh 2L Bonded ¢ Node to Nodeghs 5 7+A] o] Qlth Bondedt o 2]
HZo| 3] AssemblyS 3hue] /HAZ IFEo] Meshdts WHo]li Node to Nodew Assembly el
z} BEo Wio AMEZ 7Fste] BIZo] g REJ X NodeE FH8H2 ¥ Mesh 3= dhglolth F
B3 2 Node to Node W'do]l 4A4%s o 7Mgvtn & 4 Urh MY Z¢ F WYos 2%
Mesh7t 715322 Node to Node WH22 Mesh 3132 d3l4e] %9 Bonded WY 227 Mesh7t 7t
seith wEty daMe TEshe 4/88849 A9 Bonded WHLE Meshdtdrh 2 Z#4E Framedt
End Shieldg MZste BE 9 (38344 Maximum Stress7} HA F&)olA Frame &8 Stress
o7} =A) @3 Maximum Stress= Foot®] Bolt Holedl A& ZAHU matd 4/¢884 Ades 4T
= WolA ¢854 AFrc HojAtkn B 4 gou didn $HANE A2t w2 § AF gEH v
Pt 2 AREE {49 + o

Gray Cast Iron (3]53)2 Yield Point (FE3)7F Yetidz & B2 A2 M &S ANT f £}

]

Gray Cast Iron (3F33)3 & Agole HoH 00029] 9T Straing FF3e FHAE Yield Point
EA)2 AZkela o] AL Yield Strength (F8-&3)ojg H&rt.

weba $14 279 Strain Profile £3 ZE3ch Figure 28 (b4 RoA= R Zo| Strain Profiled
00022 YA gErh (1.128e-6 < Strain < 1692%-3) I EE Frameo] {3} Stresst Yield PointE
gA ¢ #@4 2de dHEE G

- 358 -



3. &xist d3

$FHNS 55 A4 299 FUYe dotatn vHEYS s FMELY FHS WHse] Stress
Profiled] W35}E B43te] dAe HH3E APl 4 o[da} 2L HAzPeE Ai=gleny 7 T
L dgn ol Wy

1) Case 1: Frame®} End Shield®] W& ZtolA] Drum¢ FAE 35mmE £H.

2) Case 2: Case 1°1+9 W3t} Foote] T4 & 1005mm= &4t}

3) Case 3: Case 20041¢] ¥3}l¢} Fine] 275 150% g =24 3}

Zt Casevttt $8ada) F/&Esde 5 7HA d4e JPAch S22 Node to Node WHOZ
(Assembly®] Z ¥-F& EMNZ {Fsl REo] & FEAAM Noded: F/3A gderh 4/¢3si4e
Bonded W o2 (AssemblyE 3] 7AAZ 7h43th) Mesh 34 sjadgc o AFH2 Pojd Stress
Profile2 olHel AASH v|x3tA Bolt MZAFY FHAM Maximum Stress® VMG 283 5 3¢
BT g2 hdgL FraA ZAAT 1 g & ¢A&E dE.

Table 3.1 Analysis Results

3549 o3y Hd-s4 Safety Fator
AR = CEE SR ENICIEL L RER) (6 Tensie)/( 0 wta)
[Pa] [Pa] [Pa] R=E d/ed 8N
Case 1 6e7 ~ 6.5e7 9.735¢7 270 ~ 293 1.81
Case 2 1.76e8 6e7 ~ 6.5e7 1.05%8 270 ~ 293 1.66
~ase <]
Case 3 6e7 ~ 6.5e7 99727 270 ~ 293 176

Case 13} 2= A9 35 & Solv 5402 Frame?} End Shield®) WH-E Zold FAE £ Case 3
& $de 98% ¥4 59O Frame? Fin Cool Airgtel A& WS W87 93] Finel 3718 7
itk bzl Case: AA) X4 Hla) Aoz aA WasA &oly) o s)A AT} o] W3 A
2d9 37 Aolubd BRI Al H$ EF vld Stress Profiled UEhoh 7} Cased] $HaA H$
Maximum Stresst Frame® End Shield®] AAF H$l91AM 657 Paclste] StressE (B &L 27014h) B
Ax 2 99 REAME 27 ~ 37 Pacldte) StressE (HI &2 5904 Uetlch g/¢ys)Me] A9
Maximum Stresst= 1e8 Pa o3} (¢AE&E 166014 1 o]9fe] REANE 3 ~ 4¢7 Pacldta] StressE
(FA&L 44014) Vet

Caseld] 2702 A7 (Static Analysis) E/3 A& (Static+Thermal Analysis) 238 A2 @
©]Z0 Stress Profile Case 2 9 Case 39] 222 U3 Stress Profile® ZA &%) &A Jebydch
Gray Cast Iron& 530l et ge AMZFEH 00029 ¥+ Strangs IHIE $HAE ¥BPoz
Aztgict, gt Aol HZ2HdolA Strain Profiled &8 A3 2 43 £3 00028 dA &siclh
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Table 3.2 Maximum Strain on Each Case

Maximum Strain of Static + Thermal Analysis
Case 1 0.00164
Case 2 0.00168
Case 3 0.00180
4.3 B

EE A%l dig sde AN d/eEsMo] sAPon] o HA Y Stress Profiled Static
Analysis®} Static + Thermal Analysis®] Stress Profile 232 BjZsiR™ Mesh 2189 zlolo] ol
(Static Analysis: Node to Node *}4, Static + Thermal Analysis: Bonded %) Stress Profile 239} x}o]
2 E £ 9t} Bonded ' (Static + Thermal Analysis) o] dolA A £350] AssemblyE dtuel ©F
o7 7+33l7] olEo} Framed® End Shield 2¢@iAe $EHEX7E b2 Frame U ¥ zlolst giAl
vebgdtl 22iu Node to Node ¥ (Static Analysis)}& 2 A4 $HEX} 2 Frame W xT}
+ =4 ugtth g2t Node to Node W o2 3§41k Static Analysis®] Stress Profileo] & o #4x 7}
7§ ZAFolar Static + Thermal Analysisi Stress Profile®th= Coll 2% ®slo] g Stator H
Frame WHAlolol419] Displacement (M$])& £A45te @AM ooz BE o] w3t

112 Framed €/$388)4 23 @ 249 ZcE ANHo2 dAFH oz vgtth wabr 7]&9 Modelg 7
23 2 1ELE A7E Ed W3E AET 4 gk A3 Ao i A& A% A7 Frame, End
Shield, Foot®] 79} Fin® 27] W3l (429 Case)Sol 3] Stress Profile oldel Azt gk Sl vlal
a7 WA G5tk mEkd B RaAoA AsE ZEHY ¥ 99 FAAZANME JMFEda B
t} atxgh 2 Mo ZEY LANHE AARAOE U7 W 71T EE AZFHAA AZ F e
2529 nAHA It 3% FE A2 i MEFAE 18s2 Gray Cast Iron = Aluminum %
o) g AZol wa stFe] AAF FAZ ¥ ZUAR] WAl AEWF L AFA AEE & "avt
et w3 A FAdME AEHA &3 A AdAH A5 LA Ui JF= gAsofof I Ao
.
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