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ABSTRACT

Assessment of the dynamics properties, like damping, dynamic stiffness and
resonance sharpness is essential for the development of a robust system,
specifically for the reduction of a traction motor noise. A practical method for
identifying dynamic characteristics of a traction motor hosing for an electric vehicle
is proposed. Assembling using interference fit of the components of the motor is
attributed to the main cause of strong nonlinearity. It is well known that nonlinearity
of a structure makes it difficult to assess damping properties or dynamic
characteristics of the system. This research presents a practical damping or
dynamic stiffness identifying procedures for a nonlinear system according to the
boundary condition between assembled components. Based on the simple idea that
impact forces of modal tests are highly affected on the condition of the hammer tip,
Auto Power Spectrum of the impact forces are used to assess the assembling
condition and dynamic characteristics of the system, especially, damping of the

system.

.M E

wiEe] we AT Lus @4
AR AN E FA FEE 9
aFsa gk A ABRE

wele] f3) BAL WESA @)
W&/ A AT ol stel WAL s
Q714 el Agstel thal AgFoR
A HHQ QUG FeA sel st 3
Heln ngd] M@ AdYezs Be A7) o
Folxam It1,2]. eleld A7 AHEAre] ol

COZ

=
>orf JE
tjo rlo

T WAIARE AojEH]~ AL
E-mail : jep@mobis.co.kr
Tel : 031-8021-4856 , Fax : 031-280-2808
* AUEH]2 AR

nEE FERH, W AT 98 5ol 45/
Ef B4 olglol = ¥ FA3], 171mE s}

2 Sol FAF 44 2ol PHom

slof @rhe A#AAe Al A
Qirt.

N ANAEAE Qe T o
el Fe5 95 g el 4
ol gah] Wzl Axgoz PelA k. AL,
B oRel ANE ek o] W1 ol
BEE AHgE Bom, AAHOR olxl
7oz Qs AEdE BAZ 54 29w
g0l UFEL, B =8 AR B
S48 GA AzelE wH 289 990 HE
FERE A 54 A sl AeaKow
LTHE T2 B dobl B AT WES 1%
sk,

Z
_Ile

(e}
Bt

-818-



dnbqo s Fx 54 oS M 2 4
3-S5 %3 FRE(Frequency Response Function) &
A WhHo] dg] Alg¥Y FRF $A4S vfgoz &
2 For, W, 448 55 getete 72 A
o o]ggtrh

2 =Y 542 AV|EHY A5E AE
Qste] v dF o] w2 &, 53] oY ol 9t
A& vdE Aol g 3o gk 9@y 54 4
TZ A4S Hrkske Wldl giste] Ajteta &
H}E 71EstaA} g B =39 2 e AV AE
ake] Aol digl 7]t 3 FolAs A7|AsA)
259 Fask &5 HAJQ FEEHY 54 H
Zhell digk 7)== o]FolA itk

2. MIIMSe &8 =H

2.1 MI|1XtSKt2}t A

A A3 FEEES ARAE ¢ v oA
olelol] A7 AEH o] E gE B Fo| e &
& St Aotk olAS T & HoFeE Ao
VSP#}= g9ojo|t}. VSPE Vehicle Sound for
Pedestrians®] ¢FAt= sfojHE|= Algat, 7|t
o] Mz A ezl Aot AAFEARY] A
F Pnso] 718 W7 HS o] &g AR
srolal wWazt, Wl AHA A Fol ke
S AASHA] Kate] wAE 4 Qe AtaE W
2371 A A7 AFE AR A 1A s
WAA 2] &3S Q1A Al717] $1%E BTt
VSPelA & = olzo] A7|AsAke] As B4
YT 283l Aoty olelgt d7|AbsAke] A
e A2 TAE DAAINA Hed A &
7b 283 Aol wt TS, FES, UH
Whine noise 5°] ©% A “=AAA F |
w2 A7 w="o] QFHYE Holt}, 53, <X
el A4Fe] FEes AR AMEEE KEY]
A5 BE 5 A71A TRde] ogk &5 T
A7 T8 WA= e dsto

S

22 HIIRSA 75 DEI £8/8E B4

A7|As2e] FERHEE 7S AR
PM(Permanent Magnet) =8¢} =% E (Induction
motor)7} T2 AMEHETh PMEHS A9, HA7]
25/AFe Fo% AL A4 ET8E 37
B3} 9tk EFEEe 3% FERHY A9, A
714 15719 69 A 2lEe 712 F7]9 7]

AR 1849 F45e) Fog Folxith aela =
AEAE F £ &F Fo Hawisz 249
o £%% S 5 23] @ 2K 165 24&%e
232 7148 B E39Z 483}, IAED 483}
o] /Y e EFeEe] 7MY 3YES
o e FHES & 4 Ak,

olob= g FERH[45]E A &F & +
T JAR SFE S+ 2 5o 3 YL
3 Q) whiel, A7) AA z3e] B8 Bk
stk 44 &% 4 36, 1 G

oxl
59
>
S
N
S
i
lo,

(2 AT gy BEH x£3), ddxzEE
Aot 7H9Y 40xket AR RRE B s 7hd
4 403 FHOoRE AF/AE SHAA uigz st
A 531 oot}

A9 F A AolMHE 25/FE SHNA &
g3 Ax71H AAE A4 AsS
Hi= 497 g olgd EAE 4] A
2w/7E AEE Sg gis AAe Z1AE B
Al 8 W ool AAA ARl Y%
E d4sl7] Yal 2o BrHA3 gpAjolu),

Fig. 1= A7|AFs2He F5EHEREH S4H &
SANE Ho] Fa1 9t

12500 f

rpm 7500

5000

1
1000

3000 6000 9000 12000
Frequency (Hz)

Fig. 1 Motor noise depending on speed

Fig. 1914 A O]9 wlojE A s[5 A2 &
o] F23k gololt}, T2 ol njste] - &
2w Feol7lE s AFg giYelA] w2 A
£ Holil Fug7t wopel| mef o] wrop
A, TIPS, TEE Y v a7 Wi
2o A= A wAZE 1A ek C g9 <
WE 293 Fappel 714 Aol g WAL A

k1 rlo do

-819-



olth. 7HI71719 WA R ARSI A 2
947 Fae AR 28EAS a7 s
Fhllz o139) TS 8310 9,

B dido] A 017;1?:5_ 36 40, 44, 483F Ago]
LAY e ggoes [Axy] g osk KE
-4 Zso] AgoR ‘%Mfdﬁ AT} o] U9
A ol Hl sto] 2g FFEE AV 1Fu) Y
oA WA F&3 A=F FAHAA Fo8 TAL
HE= q}mi AT giide] HE A gide]
=3

2.3 B =0 7|28t &7

Fig. 2% Fig. 19| 3|A&Ed & 425 5447
oA AR}7] 2p4=el ddsk= 36, 40, 44, 483F A
A= (order cut) ©]t}.

wol tEk A=

SPL
(dBA)

1,000 5000 | 8000 12,500
Fig. 2 Sound level of the traction motor

Order cutellA] Aol & Hax o] 4
S 918IAM= Fig. 29 SlA&E-4F ArdA 7}
2k peak W9e] g tiste] 7]E Fa4r
s ekl A AbE wehd SAAS F
T2 < 4 9r}h Fig. 20 HogXE= A o)
1,000014 12,500rpm7HA] &HAA] FL23F A2
A& 5~6kHz tiejoltt, By 3| H%&wr) 7} g
of whel, 44, 40, 3629 =2 AFEEE TAH
o7 HHIgHE A% peak A Az 7Y
o] 54 FREEE 7Rl stHA A A%
Ho] Fa1 9l

< Z*OW "d%ﬂ A} o]
z2ke] ol 7%t wlg- =7
/3% U “74]7} nlg- Fasit), AR

TEEE9 T2+ Fig. 364 Hox&= AT} ol

Fig. 3 Schematic view of traction motor [3]

940 P ot 044 WolFe ngsH:
AWzt 2ol Bk 49 1A ARG 7
2Ho@ AXske TAde] B B ohld v ¢
Aom WAE 98 WANATE F22 Uil
A ek 28 9] us)/slsvh e
Pt QAP P2 F A Qur A2 7
otk ofmst Z9oldl FEREE 1A} 35
Aol o) = P AshA Aok a2 A%

AL FAke 1A HE ARS ke 7]
RS A8kl slotell A4S 744 Ack
CAE(Computer Aided Engineering)E ©]&3F A

]ﬂ_ ‘H}do] Ejﬂ]ﬁ}ﬂ VA Ekgke 0]9._ A ;(}_
9 A=3 3y A, okjls o] 83 A=} &H9-
2 /el 212 A AxE 2 #
ohet A% A7 A gl mAag gow
A 28/A% AR AAE Bdon ot fae
A ofHA st 9l
e AP YoIHNE e g APS
sfol ko] FEAS WE 2

Aol

3. HME Ix 84 EIt
3.1 7= §4 B

Al /A% xiﬂ_og nHo=z o]
A Bl Y AL %
Zholth. e AlRS T

y
,

3}

oo
N
N,
o
3]
T,

5
F

ﬂll

hin
o o

X,
EL
|
ot
oft
R S

I % rir
i HE
o

o

o
M
B~
n[\o

RF

e
O



o
e
2

2 4

o=
o
tlo
2
>
ot
vl

= CE HOFOoEH
HAH o7 FA7L A Eofof st=Ad
5 7ol ST
21 A ol %
ol Sitk o] 1%e]
*37} 2% ol Table 1
61°] 1 il dth

o

2 L oox & o2 2 ol
oy o 12 ot &
uis)

ol
ol
N
-

5
Au)

K o

Table 1 Damping measures

Measures Descriptions

Fraction of critical

Damping Ratio .
damping

Response to the

Loss Factor . . o
sinusoidal excitation

Natural logarithm of the
ratio of amplitudes of
successive peaks
Sharpness of the
resonance peak

Log Decrement

Quality factor

Specific damping | Cyclic energy dissipation
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Fig. 5 Coherence Plot of the impact test
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Fig. 6 Frequency spectrums according to
types of hammer tips [8]
o|EHo R ol #H2 AIZt T Eal
e ol BE Fikpol| gt FYs 7F
S & ¢ IAW HAZ fokst s<ete] 9
20 9%k JdHMEE= Fig. 64 Hox= A
time durationol] #AE 71 E4& YERA ®
o|A¥ Impact test®] 7} 54L& AA = 71
=23+ 2127} impact hammer?] force transducer
Ak A5 tipolth. UWFH O E rubber tip,
plastic tip, aluminum tip, steel tip 5°] At} Fig.
69 tipoll W& spectrum S FEAN o] Lo
U= AdES] st Axd ue) gdeiAs 55
AT #do] Sty & Ao ole dHE
EAS ol&sle BEA A <xket TR upel A
Azt FERY 94 w54 Uit HUtE
AA]EFSI

o

3.3 Impact test® 0|28 S54 2A
B AFoM = A 7]=3 impactd EAS o] &
so FERE #94e) AUt THel e

H FEEH gig JHE H2E9 input force?]
Auto Power Spectrum(APS)S YERA Zo|t},

e o)

S

Q i L] L] & %
Fiaquessy (M) (<E3 )

(a) Param A

A i3

T T t T T
] 2 - ] 8 10
Fraquasey i) (4 E3}

(b) Param B
Fig. 7 Auto Power Spectrum of input force

Fig. 7¢] Pram A9} Bo| A¥e= H2-& &S AF
43to] SH3 AHE HAE APS AZo|t) &
A3t g5 AR 2138 Aol A rubber tip¥ hard
plastic tip& A& S @ impact 5] zfo]=
HAsHE AT & AJolE B Fa1 Q)

9 a9 AnE ulgoz oA 10dB oo &
+548& 7 glont dnbAel FRE 4 o=
aFd gigoae ¥ BN ASEAS HU)
3}7] o]2¥ Param A%} Param B9 & 5E 35
Aol ate] JdHE H2EQ input forced Auto
Power Spectrum(APS)S #4131t} o}e] Fig. 8
2 124kHz7MA SHE AgddlA g8 sr)
20dBAEZMA WE 7k 6kHz7HA 9] A%l tfst
o 22} k= 39 24 A7E YEeRd Aol



Input Force APS

y = -3E-07x" + 8E-05x + 4.1535

R” = 0.9997

wn
(=¥
<
=—Param A
— Param B y = -6E-07x" - 0.0015x - 1.4
R” = 0.9899
0 1000 2000 3000 4000 5000 6000

Frequency [Hz]

Fig. 8 Regression analysis of input force auto
power spectrum

Fig. 8¢ Auto power spectrum®] 3|7 %4123}
o
T 7o

T A o] 958 Param B - 43 Al
7} 99.97%% o)Al o)A sl wjg- fA}EE A

S Ho] 3 glrk ¥ Param A9 79, A9
Auto power spectrum “LZ]3E7} 3|7 EA o] AFg-H
2218l Al Blo] U= HErt ol A Algt
98.99%% Aa dzEHT WA vYer 7je7] =
Sl Param A9 2¥|Z 717 Yo] Ao g e
As & 5 Aok 99 AelA Impact force®]
ASPE W1l o=z FFERE 94 AA <l
ket FRe W2 A4 2 FEAS 945 & 4 9
Ak T Y FAAe] FxEl disiA A=
2 599 754 2 295 vl & o, 4t A
¢l FRF Hluy Q Al 48 o] &3 49, v
o]l = F-99] FREF Ax9] 714 i) S
7] wiEe] A4 wlarh oA #rh. ARk
Impact force2] APSE ©]-&3F WHE FRF] 2=
EAS o] 8e1x] % Impact EAL EalA A=
FEt s54E wetslr] wiiel $A7F gt
54 B ZYHEA vt 7s kgl olefe A
= JHE H2E Input forceo] ek ¥4
B AF vAEE vxs F2EY F
o] A SHE ol FoF V] 2
T 9o SARAE wEsH=A EakeAdd o
ARl Vo R® AN H F dSE HYF

FN
o

30, o |

o

(e}

£3], 99 EA HE s e g
A&l FRFE ©]-&&h= Hwilo] ofd IMPACT
FORCE®¢] AUTO POWER SPECTRUME o] &3}=
WS Aokt 71Ee] WA HE vy
54 el ¥ 549 Hrph oy
COHERENCEZ}  wj$-  w& sl Syl
g digt e 2 9wy HWE Rng & &
o, Fdg P e dis v|sietHom
02 A9 E SAl gk wlae] disi =
&3 AR E oS B Fooh

(1) C. Zheng, Y. Park, W. Lim, S. W. Cha, A Study
on Battery SOC Estimation by Regenerative Braking
in Electric Vehicles, Transactions of KSAE, Vol. 20,
No. 1, pp.119-123, 2012

(2) I. Ji. C. Ma, H. Kim, Motor Control of a Parallel
Hybrid Electric Vehicle, KSAE 2010 annual
Conference, pp.57~62.

(3) Lee J. H., Ha M.J., S. Kang, Park Y. J, Thermal
Analysis of Electric Vehicle Motor Using CFD, U] $F
71418 3] =53, pp. 2711~2714.2010

(4) W. Y. Kim, J. T. Chung, A Study on the
Characteristic of Noise and Vibration in 3-phase
Induction Motor for the Forklift, 3= A% %
T3] =3, Vol. 19, pp.3-9, 2009

(5) B. Cassoret, R. Corton, D. Roger, J-F. Brudny,
Magnetic Noise Reduction of Induction Machines,

IEEE TRANSACTIONS ON POWER
ELECTRONICS, VOL. 18, NO. 2, MARCH 2003

(6) Cyril M. Harris, Shock and Vibration Handbook
4th, McGRAW-HILL

(7) Daniel J. Inman, Engineering Vibration, Prentice
Hall International Editions

(8) P. Avitabile, Experimental Modal Analysis (A
simple Non-Mathematical Presentation), Sound &
Vibration Magazine, May 27, pp. 1-15, 2000

-823-





