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Reduction Method of Vibration at Motor Stop for Compressor

Taisuke Shioi*, Takahiro Kumagai, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes a reduction method of a vibration at motor stop. Compressor motor generates the vibration due to load

torque fluctuations and rebound of rotor at stop. The proposed method combines the free-run part and the short brake part in order

to suppress the bounce of the rotor. In addition, this method reduces influence of load torque by stopping the motor during the

suction operation. Furthermore, suppressing over currents during short brake by hysteresis current control. As the result, proposed

method reduced the amplitude of vibration by 53%.
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Fig.1. Compressor.

Table 1. Experimental conditions.

Parameter Symbol Value
Rating rotation speed ox 80 rps
Rating torque Tn 0.237 N*m
Polar logarithmic P 3
Winding resistance R 6.20Q
d-axis inductace Ly 76.3mH
g-axis inductace Lq 136 mH
DC-link voltage Vi 280V
Switching frequency fow 16 kHz
Dead time Ty 0.5 us
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(b) Enlarged the waveform at the rebound point.

Fig.2. Line voltage waveform and acceleration sensor output.
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SﬂE\l Svﬂtl Svﬂtl

Fig.4. Circuit operation of short brake.

1.0
§§()\f?bz7:ffﬁ\“‘——ﬁ____
S —-05 i — Load torque
= o i — Motor torque
B_ 30 5
8% [ — Rebound
<= S
S s 0 i
g = Freeruni § ﬁa-r:["li-rake 50 ms/div
o “—>i ¢ —> «—>
xr =20

(a) Change to short brake at BDC.

1.0

% ';:‘ 0 A ﬁ‘_'____

g

2 =05 N — Load torque
; — Motor torque

P

B :

n & :

g0 :

=] )
= Free run 50 ms/div
S 0 : - Short brake > .

(b)Change to short brake at TDC.
Fig.5. Torque and rotation speed of short brake.

3/6



PEHETEES, BICHIEE, BEE— RRIHB LR AL v F
TRE — L BRPH THERL S 1L D,
TIWHRRBTAELRED T —F v — M aoRd, BRE

TIE, IZUOITFlg stop”% 11252 L TA U N—XDE
AL vy FEFTICL, VIFIEIC L SEEREN ST Y —F
NIBATT D, WRIT, 7V —F LIIE O L )20~ 5 (B
SRS L O R HEE T D, 2 LT, [Rsis & 53 B fE 2L
T BRI/ o724 A4 27T, “Flg hysterisis”% 1 (Z
L, E A7 U v AERAEIEATT D, BI~7 hLORE
S i A BB in upper & EEIDHEITIE7— MEWHIZE) Y
R, THIBEME in under % TE DA IIEHE ST ~B] 0 B
25T ET, B MVORE ZEHIET 2,

<4.2> EERHEHEEE KRt L AR7 Bl
HTIE, A7 W= RS HIAE A WV THERE L7 R EE
LV EERHE A2 RD B0, UL, ZhbolTiEE
EBEEN/NS L 72 ARV T, #HEEREENELT 5,
Lo, G T, HUDICE—427 IV —F 385
72— ORREHE VJZ DBEETEZEY RO D ZEMNT
&h, £oT, TE=HOEZMEGITQ)ANTROLND,

1 Vor
0, =tan (_Ej .................................................................. 2)

QRXELY, f o "=FDOHJBE,PLERMAERD LN
5, FLTC, QAR TROIBRAEMST DI & ThbREE
NELND,

<4.3> EFRADHEFE AfETIE, 2Ly T0A
far MV OEBIMEIZEB L, EEOE(EI D HHN S
Sl~DEI b Thd MR EHETET D, ¥ 2 IT7-T &
21, 7V —F URIERF O BRI AR bV T AN E W
WBIEEFICIZIE E A EERT, AWML OREL R
2 JEA - A EME CRMRICIIR T 5, D720, [EHREEN
KT L7 BITHEZ /NS e\, ERRERD,

X 81 FIERHEED Y — v AT, AT, 7
A 10 deg Z L ICRISEE A HEE L, AilEIE & k35
Z L THEA B Ao #HEHT 5, T LT, HEAEA
DEMEA0n LT TH Y, Ao ORTEMENSBEA0n LLEE 725
RE R ET S,

<4.4> BRHEE X 9 12t 2T Y o REIRHEZ
L7zBE DB~ VORI Z R~ 3, ARG, EiR<s
MV ORE ST U CTRAEHIBN L 7 — NMEWZE) Y Bz 5
LT, B EREHIET D, FEHIERC A D EIE
R V3OE LT NIRRT B 728, T — % ORIV BT
DNEL 7Y, BRICE—ZITFEILT 5,

5. REER

4 FECIRATIRBIEOF AL EHEERIC L 0 KRG LT,
FERRGME, 3 EICH L7 U —F A= I ORI E R
LRBETH D, FREHIEN~ & B0 R 2 5 s EE B X, &
FEHIENICE) 2 DRNICHRIIR Y S RAE LRV E 1L, &
KR D 20% T D 151ps & L, HEZA(LEOBIEAon

VI/f control with

stabilization control PWM Switching

generator  pattem selector

> S

I

Ore™

w
<
S

Carrier

TEEE
g

V]v]y
7

v

Current | Flg_short

Ly .
—> 3424 \/xz +y?
1

v B |” controler
L 6, FIg_hysteresi
1 oy g_hysteresis
Vy Speed mode
i w, lect Flg_stop N
v,, _|estimator {2y selector >

Fig.6. Control brock with V/f control and motor stop control.

START

Calculatmg 9, ey — oy
| AW — W) - Oy | Awypn.y —Aaxp

[ FLG hysterisis — 1 |

Ty =2
=Ith r
“<Es [_FLG short—0 ]

FLG short —1 |

Fig.7. Flowchart of proposed method.

A
& [_Threshold: am

Fig.8. Detection sequence of the zero degree of crank.

TSR 1ps ICERE LT, F7z, B A7 U & R EPHAE
O _FIBME E FRIBMEIZZNZEIIA £ 09A & LT,
10 ([ZEFAEZER L2HA E@mH L TWhangaEo

4/6



B FAVORIER L O, MHE Y I R R,
B 10 kv, ERHEEEZAOTITE IR S E7256100E, mE
HIEREIC 1.6 A TRE DR X BRSNS, —J7, TEHlE
FEMAT 52 LT, E—XERORKMEE 1 A LUTFICHH]
TETNWDLIENHERTE D, 20728, 77— NMERT %2 A
Hhtd & T, EEHERORER A MG e TH D,

X 11 ICREBEIC L VT —# 22 1L S PR Rlls
TEE, UV HEREIER L OILEE & e 42 R,
RGN I IR E BN 2RI CE R0, [l
IIHEECE AR, K 1b) XY, AR RV IC LY Al
DME T L7 IS HIEh~B 0 b b, BRATAILAD 5
ZERbND, ZUE, EREAMETEESIEI A~ Bbo
TWAHIEHERLTNWD, BEFELZANCTE—X2EIL
SHBHZET, K2R L7V =T 2L L C,
1 IR OIRE) 2 RIFITIRI L TV 5 2 &2, IEEE 3
HARIE LY bbb, L, RilEEe —& opklik v &
AT DL DHRITERLTWDTW, EIRRCIET S
REY DR IHITITE - T,

WIS, BHEOZYMZMEET 572002, RFEAUSTH
HEHIB )0 B2 T BROBE A WET D, Z 2 TIE, Afif b
N7 IR E L T2 D TR TR BN~V B X 72 BE DR S
B ERNET S,

X 12 FAEA CREHIENCY) 0 B 2 7B EBRES R 4R
T, ZTIT, FHRTOUIDEZIL, HE L AL —
EDRIEZFH T 5 Z & TREAL TS, FHE R CHEMEHSIH)
WCHI 0 B2 2 BA, AT RV BRRE WEREMERICE—
HEREIET B8, AR L7 Ik DA EESIC X
D, RERIEBARAT D, Lo T, EIEFHEB 2 KR 5
I, AR R NS WIEBIEERIC T — & 21k
SHLMEND D,

X 13 IZEREEETERER 30 BleE—# 2 {E LSk
BROWENIRIE DR AEMEZ RT, (IR T 7Y —F 21k
Rel LA M2 I Ko TGRS 5720, FIEREOESITA
T bV BEICIRTE T 5, & o C, (E IR OREEHRIRICIE S
DENEL D, —FF, BEETIIEILFEOBBNE %2 —EIC
HIEH L TWDOEEHREOIE LS E /S, FHMT
FREHIENCEI D R 2 D L, AT ML 7 I K D8R D 235
HEFT B0, (WRT L 912 10m/s? L ED R & AR ETh A3 %
EALTWD, ZHUCK LT, EFEATEEHIENCDI Y B,
B bV T BN SODRBIENERIEIESEDS Z & T, I
AT XD ITRENE 10 m/s2 LA I TRECTH 5,

#2127V —T v LREETEIE S BEORENRIED
FEHER X O RAEE T, K2 10, BEEEHVWD Z
LTV =T U AFIR & R LT, IRBRIE O EE %
56%, PEHERZEE 61%KKRTE 5,

6. F&H

AL TR, ar7 vy PEEHE—Z 2 EIET 55
FAET IR AR AT RE T LB IR E L, (T U DIT, 15
IERFIC R AT D IREN O RN 2 IS D 72wis, 71

Upper limit

Under limit

Amplitude of
current vector : i [A]

FLG_short

»

t

Fig.9. Amplitude of current vector with hysteresis control.

Free run

Peak value is

A

Amplitude of current
vector : i (0.4 A/div)

A 4

1\
/ about1.6 A

Acceleration sensor
output (10 m/s?)

f \/‘\-———-
i
!

MA.«

(a)without current control.

Free run

'

Peak value is
less than 1 A

J;"’i‘/‘f‘:‘wﬂ%

] “ Amplitude of current

i

\ 4

N, Vector: i (0.4 Adiv)

N i

Acceleration sensor output (IlO m/s?)

W

(b)with current control.
Fig.10. Amplitude of current by shorted brake.

_ Shortbrake 200 ms/div
‘—_\“" rotation speed
: i (10 rps/div)
> : | U phase current(1 A/div)

V phase current (1 A/div)

' W\ Mot

Acceleration sensor

Vibration

output (10 m/s®)

(a) Estimation speed and acceleration sensor output at stop.

40 ms/div
>
M,
L.
. ™Y
rotation speed i,
(10 rps/div)
MY phase current( A/div) A /™

V phase current (1 A/div)

v

Acceleration sensor output (19 m/s?)

(b) Enlarged the waveform at control change point.
Fig.11. Acceleration sensor output by short brake at TDC.

5/6



— 7 N K 0 FIE SRR ORE 2 E

T LT, & Dk

B SRR OERNTIG) =2 7 L A O F IR R AL Ry

2 WRENIZ R BEZSAIT A S Y T L,

(i) = — ¥ DBk IR

VIZESTELDZ ERDo Tz, RIS, FRIORKE RIRENR
KEipoTndr—FOkink Y ZMklT57-oiz, 7V
—J L EERIE A S D T BRI R RRE L, 2F
B, 7V — 7 Ve BIEE & B A HEE L, AT

MV B3NS D 5| B R

WfEIEEE2 2 LT, BkiRY

WL IR AR FBECH D, FEMERICE Y, _EEE A
WHZETT7 Y —F 2R & bl LT, IRENRIE O
% 56%, IEMHERFAELE 61% KK TE 5 Z L 2R LTz,
At%0T, IREBOFRIR & 2288 NV I AT v T EMZ
B2 k7, B R X OME LR O RS & (KB AT B 2R 15 Ik
FEIZOWTHRFEIT S,

X Hk

@

@

©)

O

®)

(6)

™

®

©
(10)

(1)

(12)

(13)

(14)

(15)

JIshsziE, SEERT, WA\  (IEr oYL - e— X Eiit
L AR AR R — 2 HEC B D A, B D, Vol
134, No. 6, pp.579-587(2014)

RAERZEH, AR, hEA  HERY A DA -FKE - £ 3o U
WMOTXNF—T LY fr=r A], &Fim D, Vol. 124, No. 11,
pp.1087-1093(2004)

B —, W T=7 = HIERGESRE) A =5 - a2
LUy $E— % OEPEREREE) ), BE L E = —, Vol. 57, No. 10, pp. 42-
45(2002)

Kwang-Woon Lee, Sungin Park, and Seongki Jeong, : “A Seamless
Transition Control of Sensorless PMSM Compressor Drives for Improving
Efficiency Based on a Dual-Mode Operation”, IEEE Transactions of Power
Electronics, Vol.33, No.10, pp. 1446-56(2015)

T, PR, e, ZEIER, - T2 AENEROIRE) &R
1, BARBHESHRSTE, Vol7, No2, pp.1-13(1990)

B, RERRRIRR, SR IAL, ZRRiER,  TEE % L X PMSM
D JRFEPH AR BN E L 72 R BI O 5 v 7 IR T 5], &
5 D, Vol.130, No.9, pp.1075-1080(2010)

&5, R, WORE, FlE—, (o) L AKABA
T — 2 ORBIRERE OKBIEIRES), SPC-20-159, HCA-20-52, VT-
20-48(2020)

AT, WARMEN, M, o JERERA PMSM (riEt 4L 2
~7 poviilfEsio 78 o BPF %ﬂ%b\f:JﬁJﬂﬂﬂ@iﬁfﬁ”ﬁ@J?ﬂJﬁ?ﬂﬁ?Mﬂj, &
¥ D, Vol.127, No.7, pp.715-722(2007)

PRRE—, BHRTRER, KRGS DkAREARMEDEO VI HlH D
mtEREfL), ¥ D, Vol. 122, No. 3, pp. 253-259, (2002)
MRBANSE « TEVERAEN G L2 B 6 £ 5 PMSM OfRE)
PHIHIEE), B D, Vol. 137, No 1, pp. 10-16(2017)
RERRORDG, R, HIREN, BAER, AHES 0 Tn—2Y
JEAERE I REYIHI FI#E O R ), BB D, Vol.140, No.11, pp.841-
847(2020)

B2, FiAMES, MEFK, HAMEZ,  IDD(¥ A L2 M FT
A7) ERIC K 2R HBTEREAE — X B LU =X ORISR,
NY—x Ly br =7 AFREH LGS, Vol.25, No.1(1999)
G, RIFAI, FAW, BPER, @ (EEhoA o —28BE
(FILRFIC IS DR = o7 Y EE LAl B¥EH D,
Vol.136, No.2, pp90-99.

Chao Gong, YihuaHu, Jinqiu Gao, Yangang Wang, Liming Yan, :“An
Improved Delay-Suppressed Sliding-Mode Observer for Sensorless
Vector-Controlled PMSM”, TEEE Transactions of Industrial Electronics,
Vol.67, No.7, pp.5913-5923(2020)

Donglai Liang, Jian Li; Ronghai Qu, Wubin Kong : “Adaptive Second-
Order Sliding-Mode Observer for PMSM Sensorless Control Considering
VSI Nonlinearity”, IEEE Transactions of Power Electronics, Vol.33,
No.10, pp.8994-9004 (2018)

—— 200 ms/div|
'
i %  Short brake
rotation speed ™ < >
10 rpsfd i .
> ¢ PS, v) i V phase current (1 A/div)
j .’L by U phase current(1 A/div)
‘ \ \\ {\ ]f
j \/'.)} \I \\‘I\‘ ! Acceleration sensor
: output (10 m/s®)

(a) Estimation speed and acceleration sensor output at stop.

rotation speed 40 ms/div
(10 rps/div) ) ’
MWW% ) Short brake
MN'W‘VW-M - 4

‘ \Y% phase current (1 A/div)

* I~

Acceleration sensor output (lO m/s?)

(b) Enlarged the waveform at the rebound point.
Fig.12. acceleration sensor output by short brake at BDC.

15~20

Measurement : 30 times

Amplitude of
vibration [m/s?]
=
o
CI’ TN
a5 &

0 20 40 60 80 100
Frequency [%]
(a) Free run.
—15~20

5L

3 E 10~ 15

25

g8 5

<2

= 0-5 Measurement 30 times
100
Frequency [%]
(b) Proposed method at TDC.

W 15~20

o w

@ E

g = 10~15

=9

28 5-~10

<2

0~5 Measurement : 30 times

100
Freq uency [%]

(c) Proposed method at BDC.
Fig.13.

Table 2. Comparison results of vibration at stop.

Free-run Proposed method

TDC BDC

Average value [m/s?] 134 5.9 172
Standard deviation [m/s’]| 4.1 1.6 2.5

6.6




