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Study on the Influence of Dual-Rotor System with Micro—Speed
Difference on Idle Vibration of AT Vehicle
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[Abstract]The micro—speed difference dual-rotor system composed of a hydraulic torque converter and a crankshaft affects
the idle twitch of an Automatic Transmission (AT) vehicle. Through the Hilbert transform of the dynamic unbalanced coupling
excitation force of the dual—rotor system, it is revealed that the beat vibration of the component is the root cause of the regular idle
twitch. The maximum twitch amplitude is the sum of the excitation forces, and the twitch time interval is the difference between the
excitation force frequencies. The Automatic Dynamic Analysis of Mechanical Systems (ADAMS) model including engine,
transmission and mounting system is established and simulated. The results show that the closer the vertical rigid body mode of the
powertrain is to the excitation frequency, the greater the vertical first—order dynamic stiffness of the hydraulic mount and the
greater the vibration amplitude. Therefore, the idle twitch can be improved by the frequency avoidance design of the Z-direction
mode of the powertrain and the dynamic unbalance excitation frequency of the crankshaft, reducing the vertical dynamic stiffness
of the hydraulic mount, and improving the vibration isolation performance of the mount system.
Key words: Dual-rotor system with micro—speed difference, Automatic Transmission (AT),
Idle, Twitch, Torque Converter, Engine
(31 A&EC] 22, AR, BU/INVHI, 25 | R E2E XU 1 2R e A Sl il ) A8 s 42 B RO A 8l B 2 i e 1. 150 T
FEIM, 2024(9): 8-12+20.
LI X Q, FU J H, JIA X L, et al. Study on the Influence of Dual-Rotor System with Micro—Speed Difference on
Idle Vibration of AT Vehicle[J]. Automotive Engineer, 2024(9): 8—12+20.

- 2 5 1 (] B TR BN AN 7 A K T 3 S T
= e, 18 A 3h B 5 bl P R R B R4, IR
Bl s RI8R A T, 4 N 3 51K ZENVH P REH & T b i) S [m] 8 2 —

REIRZID

—r

B

—



ZENCIR A R T 2 UG 1 R X A Sl 7 A A T A Bl B R M

B B A] 3 Ay b gl 1] B A [ 9 D0 R
il Sy Rt 20 [ B A W] A AL S s P 2

TCRLHE B h Bh— M5 ACRT A A MY K R
PR B AEAR O, AT 3E A MR AR MRS Ty AT
JEH AT FAEAL o Ajovalasit FFPHFGT T A SR &
JIUEEAR X YR Sl 0 P IR R A 5200 . Stout S5 H3 F)
FHBRGE XS S 0t R Al B A T PR

AL R B — R e R A i S A - A
WOFEA B R AR A OC . Lim®™ | Phan' % B 57 &
B, WSV A KU i I s 4% 5 - 2l AN 7 T
B A EmE . FRARSETER 1 A sl it il A
7 A A A S i R — I R Sh Y E
MR, Hshik 175 4% (Automatic Transmission,
AT) BB 72 5 4 5 R LR TS &z 3h
25 R B A3l AH A DA G SCHRHGE . RS
L) B Bl b T S AR 22 ) 1 2 )N AR
FEI , H R S T AR ME A T 15 5 0 B, — il
T T S A [ 930 3R 14 T 52 A5 o Z FIEAT = A R B
AR ST TR 5 E PPN RS2 B A
FRUAE (] P A 2l , 78 28 LI A A 8 A i 2 o ik 2
I 35 5 AL 28 2k i A AR A A, R AR I AR (i
(B e S 1 22 ) 1 2 el 2 L sl AN A e S
KR, AR CHIGE . B I RIRSE & H A
TR FRAE  wf LA T o K O R PR ) 5 | S 2
Bl SR A, — M ik X & AR B R B R A T 43
B AR AR, SR 2% Oy o A KA 4E 2 8 (Hilbert
Transform) fE 98K 5245 5 48 A B AF 5, #Ei % 4A 4=
15 5 1B 45 F Ik I ROR BEAT A0 BT o JRI K 28 AR 22
SENIGE G A SRR RS B 55 T ¥, X MR O AL A
PRI FEAT 7RG, vl Ry F S ) 722 s 42 R 2
fhsh ) EE fE—E NS % .

AR S b ST B AR R A AR B ) AR
s i e 5 Hh Al AR 2 DAL AL SR FH A IR AR R A
XAl B0 £ 405 2R RN IR IR A0 3R R AT 207, 48 il sl Y
B[] [ B i 3 00 15 08 A0 e 1 L Sl A 1 A5 Y
Ber kR ST RS A B R
SERI ALK R S8 30 ) 2% H 3153 A (Automatic Dynamic
Analysis of Mechanical Systems, ADAMS) B #4431
Bl 7 SNSRI A X
izl B

2 RIS T
& 2 H Shil T 728 A 1 Bl e R T

W KA A e sl Sl AR g R R () AL e
gy, W) AR A W R AR VR T A T W A Bl
HINAAAE— 72 BRI AL s 2%, T e 00 e Jdems i T
S AL T T8 R Sl 4 R T A i 25
¥ Z G, IRV, o 0 A8 i A AEAE — o 1 3l
APl BB B AN - D FL A E, 3 5
N
F (t)=A,sin(w,t+¢,) (1)
F,(t) =A,sin(w,t+¢@,) (2)
A AT FF B0 IR R, o, 0, 7050
F F, B, @, @, 73014 F,  F, R AR FIAL 0 R
P 71 AR I ]
FAF, S [R5 T2 ] — R e 4 il |, I
F(t)H -
F(t)=F,(0)+F,()
=A, sin(w,t+¢@,)+A,sin(w,t+¢@,) (3)
5o, 5 a0, 25 SN P AL LA B 2
Wl RG4S Ty 7 A A0 , B UE 5 R A LA
[ st 3
R oRAT Fe) A ELEE e, X AT A SR AN R AR

ZS
o, =wt+e, a,=w,t+e, (4)
. 1 (= F(1) 1
F = — — 7 =F «—
(1) T —xl_Tdt (1) e
=A, cos(a, )+ A, cos (a,) (5)

e F () FOEIESIER w0/2, 76 OB T /2
AT A5 5 7 FORTEAS [R] B 1] 55 A UL
FESRNGE TN
Z(1)= F(t)+ jF ()=
A, sin(a, )+ A, sin(a, )+ j[A, cos(a, )+ A, cos(a, )] (6)
Ao AR
Z)IE S5 BT RR R -
A= F*(0)+ F*(2)
= /[ A, sin(a, WA, sin(a,) ]+ A, cos(e, ¥4, cos(a;)]’
= VA2 +A,2+24 A, cos(a, - a,) (7)
A F(O R BRI IR R
B (DOIRAKL (), 715
AD)= AP+ A7 +24, A, cosl(@, -, )i +(¢, - @,)] (8)
P 2 (8) W A, 38 gk 4 8 il 77 R AT A R A RS AR
e, A I 0 R A8 fe KA R A A, , il 3T B i %2
2024 H9H| 9




ZENGIR AR U TR XU T AR N [ B A i A T R A B Y R A 5

Hw—w)2m=f~f,, Forf f, f, R R T, Rt
AT L i AR5 5 A st el [a] B, OF-45 A 45 17 3
T B4 T % 1 TR B A A R 1) )
.

P54 F S A8 28 19 3 71 B R i TR AR
R H i R IR S L B T R T 25 WU T R G, R
S 3808 7 AR RN AR A7 S ] ) B A R B0, BV R
A B

S IR HE B AN R U, 38 Ry ny, 568 Bt
Bl B RSP Ry U, 7 R n,, (D) AT (2)
P Bl AN Al i 5 | S 4 3500t o WA AN B AR 43551

B (OCAR (), Bl i 4R 5 5 a9 3h
B[] [ B, I 45 & 45 55 sh b R ol , PR i o 51
Jil1 2 [ 850 %) AR A

3 ZEGIEIE

S B VUET K& S HLA B B AR AR ) 4
[ERH THT , 7 5 J8sZ 3] JE AR A7 A R A 1Y) 8 e
Whzh. 2% SR s Bt (B 8 32 8 %
& o), R I Al — B S AS - Rl AR 11.3 Ha B
AT il 4 % R 750 r/min) 477 [ 8RBl Sh4RAE L 4n
Bl 1a itz , B2 H11.3 Hz [ 3 9= 3l m sk B it 26, 77
FEFR][RIBR A S s 26 A7 B9 MAE Sl Sh RRAE , an &l 1b
FIF7R

A=U

ool

IRBINHE g

0 10 20 30 40
AR /Hz,
(a) AT 4]

Yy ¥
0.0101

lg

e
& 0.005}

Pzl

16.00

li1.00 ,
0 10 20 30
i} 8] /s

(b)11.3 Hz Wiz i
BT R BLIR S
10 | BZE T2

R B 4tk 20 SR, ) 4 ] W7 2 o A 8 Sk A
THE e SR S AS Al ) FA IR T 8. 4562 (8) 1)
GY M, MR A St s [ ) o Bt il 5 O — A
AETEDEG T 22 W 5% Sl A R e 3, T PR i o 410
PRB A

T AL AR ik 2l 1) R P B () (] B R 5 s, X6 107 P
%8 0.2 Hz, & SIHLR R 53 2 750 v/min, WHERAFTE
FARAE 5 & S ALt R AR AR 4 X (8) W 45 2 %
A 738 r/mins

AT R TR 3h 1 RO A e sk, kB
% 2 R D A A T R A IR e S B T b
T, B I 45 SR R 738 o/min, I 3% [R) AR
i 1 6 5l A A P R R 22 R g R I A R
FTEk .

R Al 1 A L 9 0 2 2 TR A Bl R T e S
H CHhHN 16 g-cm, I HE A 80 g-em) , X (8) 31
TRV A T S AV T AR R R L 25 R
2 TR o FAARET I E] B R 5 s, 5 & b FTR (14l 3h
M 25 0 — 80, R asimie S 245
I TG 2% R AT T R A S AR AR

—_
[=]
— |

PR J1/x107* N

[=)}

s 10 15 20 25 30
]/

K2 shshim et

Rk — 2L R WA B NI B A5 X i A Bl
(i) 50 1) 52 ) O 38 A AR It L B T ADAMS B
&, B AR R R E RGN 2K )
B, DUR LS 6L T S SOsh A, LA B 9 B
A 2y o g e 152 A H AR, BIFSE AR R E 50 7
TR A R G v A i R B OGB4 A i
e A B BRI, 4 B R RS )
AR B Sl U A S AR N B
Bl N 2 RSN B2 o S )
BCR E A DAL A AL BAT A2 3 8% , B B R4 A
A ) =R AR NIRERE . dT
() 22K Bl Ty 2 RV AN ] 3 e, H: 32 B2 i 1
FEI% 2K GEAT Ml SRSh B O RS B E RS
%

=]



?{&JJ@E%EES?%
TN ST
K3 Ziks) )y 2pn

TEMN AR —ZEF ALK I, 0 28 5 & shPLAR 14 2 ]
A EARR R W IE L e A R TR R S
AT o B R, R A AR, &
FF55 ity 22 8] 360 o i e ) 3 42 i A O Sk i T LA S8
il e o Al AR ) A8 AR g e e | S B )
SORGE R it OSBRI s B . FEIKE)
B W 7R A B e 7 O3 T B AT A (it
A 16 geem, IWFEN 80 grem) .

Bl 7 S RIS AT B 4 R S 4
e 1 PR, =38 0 — Bt & PEANZ sl ) 2 AL i
B OB AR AR — o WIMARBL SRR R S
SN ZE AR 22N 1 Ha, —BOME s, 2 B Bir gl 57
() Z2 A By g 2E AR B 35 v R P

£1 PHARRNEEARLNESHEELE He

J5'1] E7/N TN i e = 11 ¥ 1 A €<
S | 123 | 135 | 89 | 7.8 | 6.1 6.1
P | 122 | 137 | 9.1 84 | 6.1 6.3

DA% ASRT S T A AR A A A B
B ity B 2 o0 3 o SO Ay AT O AR 5 LA
TG g Xt i 4 fios

XoF b A B 3 B s R S0 0 e BE WA, 76 ih A 2
AN AT 11.3 Ha BRI, (R ER 3R sh i 150 25
S5 S IN 28 Ak 2l 1] B RN (6 R AT, R E
HEST I AR B ) 2E AR T B BT 2 A B )
W A ECE RS S S5 b B i — B
IR A At 5 2R Bt A 7E iR Bl REAE 3k 2 PR oA 51
PR Bl 7 S B A A A 25 B D)
AT 1 P B0 AN 52 M 12 3 41l 2y [ 2 ) o3 B A
PR AR YR LR T 5 1K

ST Lk gl Iy R AR Sk S 2 [ AT
PRMLIE SR s G 2 WHilR e il B B R S5
Wil PRI ZE HEA T 20T , AFR H S i R 28 R AT Ak A it

10 20 30

P /Hz
(a) flf L5 R

A /s

i O
PRBIN S /m- s~

11.25 I 0.001

0 10 20 30 40 50
B % /Hz
(b))t
(&4 Ay B PR a0 B 5 S 45 X L
e 5 Ml A e o 22 TR EE Sh AP i R
RGBS o B W B S 2 S iR s i B 1 52
M Al 5 fT 7 o

0.015 8
7 0.0157F
E
2 0.0156F
b
= 0.0155F
@ 0.015 4t

0.0153b——
0 10 20 30 40 50 60 70
S5 e 22 /- min™!

(a) e 5 Ml s e 2%
0.0155r
. 00150[
; 0.014 5}
i 0.0140f
# 0.013 5}
= 00130}
S0
i 00125}
0.012 -

] —
0 10 20 30 40 50 60 70 80
R g om

(b) iR FE A1

0035
H 0.030
2 0.025
|
= 0.020
=
i 001

0.010

78 910 11 12 13 14 15
171 BN Z B AUR H
(o) B RGMER

2024 £ W | 11



PRI AT R 2 U T R GExT A Sl AR

for 72 R B B A S 5

0.040 1
0.035
0.030
0.025

Sy /e s

3

1

0.020 ¢

015 . . " )
200 300 400 500 600
FrkE Z mWIEE/N - mm™

(d) A5 7 o W
K5 Bakdhshg B

FH &1 5a AT 0, 168 e 5 il 1 2 o 25 K, FR 3

ﬂu o B W R /D, (7 L2 AL 5 20 (8) iy B 4fE 3 46

3, AN, AP 3 i (1 5h) 3l ) B

B Z 1) A5 A0  5  A  s A A  (1B 5e) , A

A B Z ) W EE B K (] Sd) |, 3594 S 80k sh ik
TR .

4 LEFRIE

H Sk )78 B g 42 R TOL T L W )78 H
e 5 1t o 2EL 0 ) D 3k 2 XU 7 2R e Bl AN -1
| F A I 2 S BTE] P AT R 2 A Bl AR A
A

Xt B A Bl ) B 1 2R AT A 2R AR R AR ]
ORI A 3t i A e DR AEL DA DRl 3 2 L, ik s ] i 4 R
NPINIRZ 22 o B F7 B Z AR S R M

o2 (6] 2y W RE X A2 58 Ak Sl W (EAT EE R W)
12|i7f%uﬁfﬁ$‘?/%ﬁﬁjﬁﬁ$t§ﬁ NI JEE K, Ak 2
RN S NS Y i AN BT B DA RSN AL ]
Bl 5ty A A4 Yl A ) sl A I AR R
e [] I W JEE L i i B L AR 8 114 el iR A B 2 T 2k
SSEUElET

& % X W

[1] COURTEILLE E, MORTIER F. Idle Shake Vibration
Optimization of an Engine Mounting System through the
Practical Application of Transfer Path Analysis[J]. Noise
Control Engineering Journal, 2020, 68(6): 459-4609.

[2] LUBC, XU Z, CHEN M, et al. Simulation Study on the Idle
Shake Control of a Vehicle[C]// Proceedings of China SAE
Congress  2019: Shanghai, China:
Springer, 2021: 815-828.

[3] AJOVALASIT M, GIACOMIN J. Analysis of Variations in
Diesel Engine Idle Vibration[]J].
Institution of Mechanical Engineers, Part D: Journal of
Automobile Engineering, 2003, 217(10): 921-933.

[4] STOUT J L, MANCINI M, HOST R, et al. Combustion

12 | RE T &V

Selected  Papers.

Proceedings of the

Uniformity as a Measure for Engine Idle NVH[C]// SAE
Noise and Vibration Conference and Exposition. Traverse
City, Michigan, USA: SAE, 2003.

[5] LIM J, SIM W, YUN S, et al. Reduction of Vibration Forces
Transmitted from a Radiator Cooling Fan to a Vehicle Body[J].
Journal of Sound and Vibration, 2018, 419: 183-199.

[6] PHAN C A T, PHAN V Q. Study on the Dynamic
Unbalance of Turbocharger Rotors Effecting to the
Operation of Marine Diesel Engine[C]// Practical Design of
Ships and Other Floating Structures (PRADS 2019).
Yokohama, Japan: Springer, 2019: 807-819.

(7] Ak, xR A, BSOS, 45 . o T 42 4 42
WHEN]. ik sh 5 whidi, 2018(22): 269-272.
CHENG L, LIU Q H, ZHAO W ], et al. Idle Shake Control
for a Passenger Carl[J]. Journal of Vibration and Shock,
2018(22): 269-272.

(8] JlzKk 2 . e 22 XU, - 2 4 v b E ol - SCBE B R W5
[D]. X8I : FBHIK A%, 2015.

ZHOU Y J. Research on Key Technology of High—Precision

LERRIE N

Dynamic Balancing for Micro—Velocity Difference Dual
Rotor System[D]. Zhengzhou: Zhengzhou University, 2015.

9] BREA, 7?5%\1‘71‘ B’KE/A‘E SR 1RV G REN (RS
AR M) EELT]. WP 55 PR S92 1, 2016(5): 86-89.
CHENJJ, LIS L, ZHANG F X, et al. The Method to Solve
Beat Vibration Problem for Diesel Engines Based on Order
Analysis[J]. Noise and Vibration Control, 2016(5): 86—-89.

[10] AH¥TAe, PES, SR, 45 . 3l 1 BiA% 3 R Ge sl A1 1
S 1 2 S BEFE[CL/ 2014 P R4 TR S A4
WSCHE . M, L HUAR T AL, 20141 1352-1354.
FU J H, PANG J, HU C T, et al. Study on Idling Jerk
Caused by Dynamic Unbalance of Powertrain Transmission
System[C]// 2014 Proceedings of the Annual Meeting of the
Chinese Society of Automotive Engineering. Shanghai,
China: China Machine Press, 2014: 1352-1354.

[11] IYER G, PRASANTH B, WAGH S, et al. Idle Vibrations
Refinement of a Passenger Car[C]/ 12th Symposium on
International Automotive Technology 2011 (SIAT 2011).
Pune, India: SIAT, 2011: 26312-26319.

[12] YU Y H, NAGANATHAN N G, DUKKIPATI R V. A
Literature Review of Automotive Vehicle Engine Mounting
Systems[J]. Mechanism and Machine Theory, 2001, 36(1):
123-142.

[13] THUONG O, GRIFFIN M J. The Vibration Discomfort of
Standing Persons: 0.5-16—Hz Fore—and-Aft, Lateral, and
Vertical Vibration[J]. Journal of Sound and Vibration, 2011,
330(4): 816-826.

(T #5520 51)



i, 55 BRI T

7RG R BT

(3]

[4]

(5]

[6]

(7]

ZHANG Z Z, YU X X, PENG C H, et al. Modeling and Test
Verification of Shifting Dynamics of Synchronizer[J].
Journal of Xi’an Jiaotong University, 2019, 53(10): 167-174.
7 . HURE K R G A 57 B i B 5 R FSE D).
“‘1@ INZR TR, 2022.
YU J. Research on Shift Displacement Estimation and
Control of Electromagnetic Direct Drive Transmission
System|[D]. Zibo: Shandong University of Technology, 2022.
AR, T, AR BT Matlab ORI B HUHL R SE
75 BB 7 1510 R G007 H 244l 2003(12): 1745-
1749+1758.
JI Z C, SHEN Y X, JIANG J G. A Novel Method for
Modeling and Simulation of BLDC System Based on Matlab
[JI. Journal of System Simulation, 2023(12): 1745-1749+
1758.
Ik - SRR LA . AL S AL 3 2R G S B ] | A
D EM. #7327k, 3 LAt HUBR Tk i, 2015.
FERIZADEH S. Principles, Modeling, and
Simulation of Electric Motors and Their Drive Systems[M].
YANG L Y, Translated. Beijing: China Machine Press,
2015.
St . R T gl A A () A 4% 0 A 5 07 ELUFE (D). iR
DL BB TR, 2011,
ZHOU 8. The Modeling and Simulation of Synchronizer for

Control,

Manual Transmission[D]. Wuhan: Wuhan University of
Technology, 2011.

SHABANA A A. ZER L8 124 M1 KT, 54, &
filt 4, Ve AU BT Tk kL, 2019.

SHABANA A A. Dynamics of Multibody Systems[M].
ZhANG Q B, FENG Z W, Ge J Q, Translated. Beijing:
National Defense Industry Press, 2019.

[10] Wi 5% . Jo bl L I R AL 42

[11] .

[8] Jr—Wi, ¥ . BT LS i H i Joh B e AL IC o A%

JEAR T k). K S R I, 2020, 45(11): 151-
157.

YIN Y F, WANG Q. Without Position Sensor Control
Method for Brushless DC Motor Based on the Line—to—Line
Back EMF[]J]. Fire Control & Command Control, 2020, 45
(11): 151-157.

(91 2%, Afit, W5, 5 . JCR B A AL PW M 8 i A )

5 75 B[], W) R BT 2 e~ i (A SRR, 2012, 25
(3): 53-58.
RONG J, YANG H, ZENG Y, et al. Modeling and
Simulation of PWM Speed-Adjusting Technology for
BLDCM]J]. Journal of Hunan Institute of Science and
Technology (Natural Sciences), 2012, 25(3): 53-58.

JU A T A7 A5 A (D], A
JH: HBINR=E, 2020.

YAO J L. Sensorless Control of Brushless DC Motor in Full
Speed Range[D]. Zhengzhou: Zhengzhou University, 2020.
SRR E AR BT T OGS ) R ST (D). AT
#2014

LU C J. Research on Several Key Problems of Three—Cone
Synchronizer’ s Design[D]. Hangzhou: Zhejiang University,
2014.

[12] i, 5KA<, FLIEIFE . 56T 3h A W R0 B9 AMT 45 44

HUBLEE I P EHLAR T2, 2016, 27(10): 1414-1419.
HE X, ZHANG N, KONG G L. Dynamic Sliding Mode
Control of AMT Gear-Selection and Shifting Electric
Motors[J]. Chinese Journal of Mechanical Engineering,
2016, 27(10): 1414-1419.

(TeAESiE 3R )
PR H 1 202442 H 22 H .

(#1222 00)
[14] SONG J T, AHN S J, JEONG W B, et al. Subjective

Absolute Discomfort Threshold due to Idle Vibration in
Passenger Vehicles According to Sitting Posture[]].
International Journal of Automotive Technology, 2017, 18
(2): 293-300.

[15] SHANGGUAN W B, LU Z H. Modelling of a Hydraulic

[16] TRZE . BT A A5

Engine Mount with Fluid - Structure Interaction Finite
Element Analysis[J]. Journal of Sound and Vibration, 2004,
275(1/2): 193-221.

R 45 14 Pl R LR DU S B R BIFSE (D).
AL P UL TR, 2010.

XU J. Research on Torsional Vibration Measurement

20 | BREI BRI

Technology of Axle System Based on Hilbert Transform[D].
Nanjing: Nanjing University of Science and Technology,
2010.
ZEDGIR, ARJRAE, B TE A, A5 . T O 1T B4 AL R A
Y v a7 I SRR (NN 3 2E FAQE B/ R TO R
2011(11): 149-154.
LI X Q, DENG Z X, ZHANG ] C, et al. Optimized Design
of Blade of Hydraulic Torque Converter Based on Response
Surface Method[J]. Journal of South China University of
Technology (Natural Science Edition), 2011(11): 149-154.
(Vi B ®)
R ) H 105 202444 A3 H .



