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On Multi-channel Trap-based Active Engine Mounts Control System
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Abstract; With the booming development of energy saving and emission reduction technologies, such as engine
hybrid, variable cylinder and active start-stop, the vibration generated by the engine has become complex and
variable. Active Engine Mount ( AEM) system is the mainstream solution to deal with this situation, and the
design of control system is the key to obtain the best damping effect of AEM system. The current AEM control
system still has the problems of high secondary channel order, large computational resource requirement and poor
control effect. In this paper, the AEM multi-channel trap control system is designed based on FxLLMS algorithm,
and the parameter model of active suspension is established. The secondary channel model in the control system
has a very critical impact on the performance. This paper also designs an optimized trap secondary channel
identification algorithm, carries out secondary channel identification experiments, and establishes a 4-channel
secondary channel model of order 2. In order to verify the effectiveness of these works, algorithm simulation and

rapid control prototype tests are carried out, and finally the results are compared with those of the conventional
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FxLMS method. Results show that with the designed control system on, the root mean square values of
acceleration at the left and right measurement points are decreased by about 90% and 78% , respectively, while
the 2nd order vibration frequencies at the left and right measurement points are decreased by about 20 dB and 14
dB, respectively, under idling conditions. There is about 8 dB advantage compared with the results of the
conventional FxLLMS algorithm, which also proves the feasibility and advantage of the multi-channel trap control
system and the secondary. This also proves the feasibility and advantages of the multi-channel trap control system
and the secondary channel identification algorithm designed in this paper.

Keywords: active engine mount; multi-channel trap; FxLLMS; second-channel identification; rapid control

prototype test

Wt E A& shALIR 3l RGN 3 sl s 45548 1 BE IR HER R i0s& gh &, & shpLr= AE ¥k sh AR 13 B AR 248,
WMl A 8RE R 1B & SHLA IR S 15 9E o B BRI, 1M & ML 32 312 B (Active Engine Mount, AEM) J&
7 Xt — PR AR R R AT 281 ST AF S (RIS A R 25, e LR ot st Bk O B9 R T 3R AEM [
HIPERE TR R T & R, 1 PID b kil ™) QG ikl R 3 b 4.
AEM ZGAER—ABAE RS0, FxLMS 575 R Re 65 it L AE B2 2 2 A8 BRBE T 0 e AN 8 M ) T, o 2 45
5 Hillis™ 25T MIMO-FXLMS FIS&0 & siLFE T TR B TS , 45 52 W1 8 S04 i 34 vk e A Aot
WA & SR 30 1) 42 Y A A58 s Fan 251 gty 7 L8R B MR PE (LB RS 3F 2L T PID M PID Al FxLMS
X 3 RS B B ; Yang 260 BieE T IWPHB-FXLMS $53 , iI0 45 £ W L2 48 1 FxLMS 3k B
A E IR PRI PERE ; Atzrodt 25 L TR RIIT R T AEM R G004 IR S M B 07 1 R R g
FRIH FXLMS 58 Bk U705 B, 25 S 3 WA TR SEAAT PO A S5 b 8 1 160 725 B 2 1N 38 19 30 7 i 3 A
WREF s AT AR R 2 EAR P 7 L % S LR B TG A6 4 0 o 2R Gt A HEA T 0 L, 45 R R
BEAN [F T2 35 Hb Bl 3 % 7 70 P AT

R, AT AW 2 48 rp A 428 ) 28 0 i 01 Y 0308 108 9 R A AU, 475 777 Yk 0 38 o
e TR IR T SR, B RCR A S [, 35 UF A — AL T B a5 & ok P AR SR R T
X — T, 2T FXLMS Beit—Ff 5 T S BURG «5A% A0 22 000 I 94% 1 R 0 , At ok o v 116 0 1 R
BERIFAL TR, fi 5 1 R 07 ARt S R 06 B0

1 RERANESREEH RS R

1.1 EZHBEZ BB FxLMS 2§t
FLT FXLMS 50950 AEM RG34 22 3E B P il 3R 58, sl 1 Fs.

KRG > d(n)+ e(n)
E fe—te
+)
. s(n
RS W
x,(n) y(n)
> W(n) H,(z) |

TESZIEIR 3 -
) F){H‘,(:) |::>| LMS |<
s | |
o H H(2) |::>| LMS|<

A1 %:@#rk FxIMS 2 B4 EER

Horp, s WUIR S5 5 il 90 il 3 1A 25 p (2) BN d(n) SRAHIRIH AR B AEM 183
PFEVEE MR BDIR AL RS e(n) WMEHIRIRFRZ N H,(2) WHGHIE, H,,(2) BB SURR O R %
WIEPE B , (D) 45 AR S y (n) R GGHIE S S350 H(2) Ja 8k s(n) , Ho2AEshiJr, |l
HAKTH d(n).




60 R RFE 30 (AR 2023 445 38 %%

flll fllz i;‘li

2~ fL21 flzz le'

H (=" e (1)
Hm Bkz Bki

S FHEE AR SR = AR IR R IESH S S (BTG S 2% 30 08 2 Br).
x'y(n) = a(n)sin| 2w ;f,,(i)At + Ap(n) | =xo(n) hy(n). (2)

Kfr: wo(n) N n MRS HAE S £, N i DI RBIBRREIIR s A N RFERTH].
255 «(n) EERPCEEIRDG , FFRENSE G S, LA N

¥o(n) = a(n)sin(2m 3£, (D) A+ Ag(n) ) = x(m)hy(n). (3)

Kb aln) NS n ADEZIRIRIE R LG Ap(n) 5 n ASEZI AL S M, AR f e 20
K EGEEAL B 5, AR (AR L .

B R GEBUELEANA

w(n+1) =w(n) —ule(n) x'y +e(n)x,] ;

{wr(n +1) =w,(n) —ule(n) x', +e(n)«' 1. )
o, M w, S3H0R AL AT BIEAUE ;0" 0" o F &' S ZEE S 3 - A IR B AR S % (55 Ak
- IRELBRISHE S AESR- LR EERGSH B TAED R -AIRELBESSEE T
AR

DR 22 G A A A T2 BN B 1 2 R RT3 45 R 4 ] LA FH 228 57 g ok 4
TEPEP A B R (S 5 AT R AR /M.
1.2 PRIRRRBEPHREERH G

B R G RE A I S B AR H,(2) A0 H(2) Z BB HI AL 22 A it 90° MM YR kil 18 — it
JEB LRIV OIFAERE TR ARG TE T At R o o0 78 S LAY O AT B0 AR SCRE T T 3 LMS 1k
G TE FE PRI R 58 X I A

PRI AN f B BRI 22 A% 38 FR TEAR IR AR Y T FE 5 A = A BRSSPI A8 4y

y = acosAgsin(2mft) + asinApcos(2mft) . (5)
A w, = acosAp,w, = asinAp, 15
y = w,sin(27ft) + w, cos(2mfi) . (6)

K (6) FHUE w = (w,,w,) L LMS P3RS B AR 52000 &, Ml , 265 n A% (n) I
x.(n) AIFRIRN

x,(n) = sin(2mfnAt) ;

{ A (7)
x,(n) = cos(2mfnAt) .

KA n BTN y(n) |, AUE w = (w,,w,) FIHZC8) A REERI, X 2P K.
w(n+1) =w.(n) —ue(n) x.(n) ;

{s(+) J(n) = pe(n) x (n) ; (8)
w,(n+1) =w.(n) —ue(n) x (n).

F = (9) K Ba e LMS 313545 2 A AUELIE )5 R o BRAE IR R B Ap AT G A .

o= «/Wf +w

{ : o

Ap = arctanz(—c) .

wS
A H :arctan, (@) R PUG BRI EY) R %L
DU, 126 UR 88 T AR TR o B R A S — A~ B R R | 0 D 2 J (3 ol ) S — A T S VR D



%1 TR, T 2B G R WL SR S R R % 61

T B AR R PRI , Y R T AR T MORS 1 , AR S RUIARE 2% B I 2. ATIZ Ok M A I
FOEAE PSP AR 2 B, XA TR THCSCE 15 2 BT
1.3 E3h AEM Z£H ZGEINILRF A

ISR R GERIRCR , FIT dSPACE 152 7 45 it pRos 42 il I BRI - 5 3% % 0 L8 DU L & BB
INE L, S BT AE AT AR B SR, JR O A B 2 RURGR E (H L R A, HL
55 5 BBV S AR A, — A e = R A AR b A A A A
I EE AR A IR ZEAG S A % B ARG R UNE 2 B,

-~ el

J  AEEE |
| — | REAY |
: ﬂm&mm}J‘mmﬁaa
‘ﬁﬁmiJlEﬂﬁ? M |

m%ﬁﬁ@%‘

dSPACE ﬁﬁ%%%

Lgi s | et | |
| [ HERE |

B 2 % -F dSPACE 855 £X1-F &

AR SCHE U T Bl B R B AR I F A ol e B B Bl A A o v s B e B A 4
RO B BRI AR R T PR TARSR RS ) F, % i s AR I S 2 A A4, SE L) it o
YEZhJ1. 401K 3 P,

Py A
L G
0, %y A,
i
k2B | BJ2 K/2
P, K, F, G
7
(a) FhBEI ML (b) EdhE ES BT

B~ AU BHE R A Ns/m K, 43U 300 BRI BE R E, N/ms A, AR E 3 0 2B 1AL, m? 5 €~ B IR G, m*/N;
Co= R ABUEEE ,m® /N A ~WRBIIERY AL, m Ky ~JRBIIERIEE ,N/m; Q, — B 38 A 35, m)'s 3 R, — 4 Ml 78 A9 L, kg/m* s 5 1, — 5%
P TR  kg/m* s F,—FLBEAE SRR AR B AUAE BN 97 N o —ARUR B B S50, ms g —RBDIEAI RS, ms P - BIRE KR, Pa; Py~ F
W= 3, Pa

B3 HEELEHMREEAR

2 PR R FRE AR G A

S PRk ] B F- £5 JR F R Zod il B, BRI R T

R FEAEFIy AT SR AR O 1 Ha, £ [ O 20 ~ 300 Hz, 450 K542 10 4~
31 R AR B 100 s, S0 L FRIRAE A 5V, 0 i 208 500

U(n) = Aysin[ 3, 2mf(i) Ar] . (10)
A Uln) 5 n ARAER 2R s Ay U IRAE; £(i) A3 i AN IEZIAAR s A SRR ).

JOJERS 2 A e AT WA , 0 R 22 AR AR TR SR MO UG 5 S TS iy Jr sl AT IR G 3 B AL
BRI dSPACE BRI 4 FR.



02 IR R 3 B RBRE IR 2023 4E45 38 %

Out1
Out2
—in1 Out3|
Out4

Out5
PWM_OUTL

Out1p
Out2p

——in1 Out3p
Out4
Out5
PWM_OUTR

B 4 dSPACE [k ik ) 48 38 38 #E iR AR A
PEPR 2 RGN 4 AU G TE AR JH v 5 2% VR S T 1A A1 58 — W (I TR ik R 5V 1 A 2 — A S i

JE AR ANIE S . IR HRR - A 56 R R A T 2240 578, I AN ) T A S S AR, T DA 0 o
LMS R gl B BN AE AT A ST

0.15 4
2.
& 0] E
N &
E Iz of
ES
=
1= 0.05 =
E—z- KNM
0 4 : . . : :
0 50 100 150 200 250 300 0 50 100 150 200 250 300
AR /Hz W Ha
(a) SRR IRE I R B R (b) BRI IS A 2

HS5 KA RBEHERPFRLER

ST B A B G 14 B PR DU G BR B GE DT R B (8 [ - o), PRSI A LU AR

1) W5 — S A AR L e A -5 BT — SR A AR L e A 2E(EE A [ - ,m) OB, 2502, T
AL B AT AT LB (2) 5

2) H 5 — R B AR L 5 A b s 2 AR, BB R BURAR (LT IR A S R — R AR AL e
FIZEAEAE [~ , ) TS P

P 6 S AL TS 33— AR AL 5 A OGRS FL I, Al WL AR 4 i 2 BN -F-2%.

4 0
—1r
el B
& & _3t
T or iz
B &£ _qt
ey = _s}
=l =-5
|
-4 . - - ; s = : : ; - : -
0 50 100 150 200 250 300 0 50 100 150 200 250 300
BHR [Hz 4B [Hz
(a) PEALRT ) fiAb)s

B 6 MRAHEMAE-Fale £ X ATt
3 ZRBMEWEFRRGE
T Y UE BT B R S EE VRl 7E O LUK 9 2 T S R D R S UM AT



551 4 F K, S BT 5m M B & L E SR B R S 03

D7 HLAZREI AL A R R SILEE AT, 70 A IR 22 AR AR I AT B PR 3l 5 5 LA AR SR 2 735 Hh S8 JOsER
(R G TR R S H SR P 2% 5 S A5 5, i e 22 A B B B s A Ze - 22, e A
fi—H -7 4 ZRGEE IS PSP ) , Zid 7 —Fe M e — A5 U8 U o 15 5 70 2o iR 22 A5 s AL AR 3 5
AT, AT B RS A AR RN IA] 7 B,

[ wi | [fiinput1] [fi_input2| | inputd_ck |
— Out1
I QOut2
i‘l f w Y /] N1 Out3)
| iter1 Out4
Outb

T
actuator_ PWM_OUTL
wave N\
It [ol—ilfreq \ —O
—f_w
- Itr_wave Ls
e 2 BB =t ok
ti_wave Ee—hr = L
err_RMSE
1 ohase  -Wave Rerr
RomToFred sincos_out|
P wave_generator X @ Sensor_Acceleration
wi—ifreq  \
Out1
Out2]
J

= *.I}J_y, o[/] N1 out3
iter2 Out4
’ w2 ‘ ‘fz_inpuﬂ‘ ’fz_input2H input2_ck l Out5

actuator_ PWM_OUTR
B 7 %:@i# 4ok FxLMS 354 & 4oy AARR
D7 FLFTAT A0S L 1&] 8 B v] AR Hh 4zt BEA AR Sl 5 5 2705 1) 1 Hh i ). 4 shpL s R4k

SAKI LB, BT LA 8 A /s AORCR AN 2 R W i T s Ll A 4 B 0 S5 5 AN S8 X R, #5 Ik
S R AN TR S M BRA 225, Br e g Bl ROR A 2ot e — 2L

1S

5

4} —FpEH —— o

3t A il 1.0 A
i S % 05
ER £
= N SN W
;( 0 .]51( (e
-1y e
= 2} R -0.5

=0 -1.0

4}

=5 : : : : : : ~1.5 : ' : : ' :

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Hsfa] /s i 18] /s
(a) ZeMUAEk 05 FLE (b) A 5 FLEC

A8 =4 AT JE B M RAZ 54 AT

Xt I IR Sl 558 L AT, 75 2 A T L A& 9 Fiv s, in i B2 (14 W {EL7E 20 ~ 250 Hz 4
R e, T L1222 308 TE B 0 Bk X e B 2 B e R A A A A iR sl o R

4 ZRBRBPEF FAREEHNERRR 5 ER A

P55 3 s 0 D7 B A5 R S RSN AR HE 11 295 ASPACE I AEM R SEHY 2245 5
BE 1 I8 S0 B4R L B AT 22 ASPACE sl 2638 0 B e o 2R 6 e 0 43 76 0 T
B B T LBL T AR 0 R BF RS T 2 (AR 5, FEmE BRI T 43 3R )
ST LEE. S B U R e 5 B, T 2 AT T 4 B e Sk e TR 5 W 3 )
JEBEBLEY , o T 70 H 2% 3 R R FRL R B 44 0 T — 4L B RS TP SR F I 22 A7 2 i ft



64

(RN

AR (A RBERD 2023 4£4 38 4

JEAS I A5 S An ] 10 FOIE 11 s,

e

4
gyl 7000
— o — JofE
—o— 47 i 0001 o % piss
15+ 5000
A} 4000
1O} =
= 3000
sl 2000
1000}
0 50 100 150 200 250 0 50 100 150 200 250
SR [Hz, AR [Hy
(a) ZE BB 15 EAHE (b) Ik B 05 B
B9 I8 A G R IRIRAZ T AT Ak
5 — 5 o
4f —JCLE 4} —JCHER
3f M
a 2 o2
% 1 £ 1
& 0 0
%—l -1
=2 =)
-3 -3
-4 -4
-5 -5
0 2 4 6 8 10 0 2 4 6 8 10
I iys e /s
5 — 5 —
4 —JL%?F'J 4 —Jcﬁz’n'J
3 Al 3 A
5 2 o 2
T | R
x5 0 & 0
fg -1 @-l
= 22 R-2
-3 -3
-4 4
-5 -5
0 2 4 6 8 10 0 2 4 6 8 10
I [}/ o Ik fi/s
(a) S 1 ~4 - 2o S AL IR E S
15 — 15 —
— Jofhl —Jekhl
1.0 Al 1.0 Al
< 05 . 05
£ E
= -05 =-05
-1.0 -1.0
-15 -1.5
0 2 4 6 8 10 0 2 4 6 8 10
i fil/s I i) /s
1.5 — 1.5 —
— Jofl T
1 A 1.0 FeEil!
05 e 05
E E
& 0 &) 0
= -05 =05
-1 -1.0
-15 -1.5
0 2 4 6 8 10 0 2 4 6 8 10
I /s Bt i) /s
(b) 28 1~ 4414 S AL TR AR E S
B 10 ZEEHA-BHF/ 2RETFTHBAZS 210



551 4 F K, S BT 5m M B & L E SR B R S 05

0.10 ey e —%};I“%'J
ol A R B
é A o h % A
B0 ’ “““
ST e M
~0.10 ———— [H?H]/S 7 5 6 .—0.100 1 uﬂtﬂ/e 5 6
g e e
I e g e
% et unH'lMI\\lm'u‘Ml?\M\|v!IhllvH||H|MIIN|h il i ; PN A
L L
U 5<a) ;ﬁi@a-g@ﬂﬁ%@%ﬁﬁ% e
e | WL
% ” l’l]hN”WM”\"‘*"WIM"" i W‘ MW MH‘"\ WW I leuuu | g U l|p|. h IIHH HNWWNW M ‘"h\' ||“MH“H {
: 2
T IO e AN
P o 0 ° o MR
00— g
0.02 Hl%l 0.02 hl ‘
7 il WI'ﬂr"ﬁhy|'rl|w.!"w";1’!“‘41\11“{”" 5 " e
E = o
g_om ”.WM“"'“"W'”{”LIL'W'M1\“’«(“}””‘“H”"f'wﬂm\' 2 0 ""lf""‘m"”u"m'm“"'\“!'l‘lif'“l|M‘|l|‘1'|'ﬂ‘l'7|“*"W”ﬁ”m
0T IR R s

(b) #3144 AL
A 11 k-4 0/ 2 RET 8845 52t

M 10 T LA H 2 R GUR ST 21 1A RO, 2 A R U 1 R R E Tk 3
SIRIRAS T LI RE R AT , B UGS G a4 07 AREEA T X LU, 20 3353 4 a2 R p) 4 e Tk R 4
JTUE I IEAT (. IR IT OO L, 22 SR 2 A I AL iy AR s B 5 AR ER 1177 4 m/s” R
BEE] 0.111 7 m/s”, NRRIRHE g 90.51% ; 47 I 1R 22 A% AR A 1) 2 RIS FE R O ARAF 1R 0.263 1 m/s” R R
0.057 6 m/s”, FREIREAL R 78.11% , 55 FACRARFT.

B THUT BB IERAE 5% L AN 11 B, T LA HE 70 000 8 R 42 ol i IR s K, e 428 il ROR 2
TNBA A, A ARSIy, By LAOSIRBCR A 2 AR I, (B B TR

XTSRS e B T T8 R AT DR AR 22 AL AR5 5 M HL 23 Ar , 45 SR e 12 Joom 72 23 ~
180 Hz i A IR s i (EL W 0 A, IR 1 593 i Rk 5 ] Sk dy T i R Pl B AR S R A —

FEVRZE , TR UCGR B I 5 b T B ek 5 e — 2, IR IR 2 AR L T A R —E 2251



66

i 10 Ik 2 40 /dB

AR R K25 4 ( B ARRME D) 2023 4237 38
10 000 10 000
— el — T
8000 ——H ¥l 8 000 | ——A 4221
6 000 6 000
E g
4000 4 000
2 000 2 000
d [PPSO 1V it e
0 50 100 150 200 250 300 0 50 100 150 200 250 300
A% /Hz BiZEHz
10 000 10 000
—JeFEtl — ot
8000 | ——A il 8 000 | —— Al
6 000 6 000
E g
4000 4000
2 000 2 000
booweinati 0o N : boosemtiia o™
0 50 1 150 200 250 3 0 50 100 150 200 250 3
S Hz ARZR/Hz,
(a) S 1~42] -2 S AL IR 5
2 000 2 000
— ol —JefEtil
1 500 —— A 1500 —— A
= 1000 % 1 000
500 500
0 50 100 150 200 250 300 0 50 100 150 200 250 300
PR Hz B Hz
2 000 g 2 000 -
1500 —— Al 1500 —— A
& 1000 % 1 000
500 500
- il
0 50 100 150 200 250 300 0 50 100 150 200 250 300

FHZR/Hz

HiZ/Hz

(b) 2B 1~ 420 AW S AL RERE 5
B 12 & EFA-3H /2 KEFMBAZ 53Tk

PRy 22303 B ) R R T LM 111 M P U S RS Ol O A T 7 L X 3 501
TRBH H 1 LA RS S FXLMS J7 k45 AR L, 25 B WIE 13 B, B TOLF 2 B
BRI A WA T 24 20.29 B EL Tl FXLMS B35 2047 8.21 dB (0 3 s 470 2 EAIE T 24 13.43
dB, L FxLMS B 254 8.03 dB 4.

H 1z
— izl
--—FxLMS

40 60 80
AZE/Hz
A 13

100

-40
» -48.95dB HisH|
S0\ _5435dB — Tzl
-——-FxLMS

TN A E/dB
3

]

40 60

80 100

A /Hz

G-I H) T/ KRR E T HRAE 5 2T



%1 TR, T 2B G R WL SR S R R % 67

5 #ib

D) BT Z i E R B FLMS 456 RGAE QL0 T, 28 A I A 2 B R sl A3 ) W (i IR 17 24
20.2971 13.43 dB, HXJ HLAZGERT FXLMS 5k B2 8 dB BYPLH, HAbS A BOR W B HOR , BRI 2.
2) Bt 2l B R I FLMS 5 R G A s L e B ETE 0T X FE R OT  SCRTJE i
BT, AT R T ARE T R 3510 90.51%F1 78.11%.
3) Vi 114 22308 TE I 0 A ) 2R ST RIS D I Bk G e B R T UAT RN T AR, XHZ R 1Y
TR A B

SE Lk

[1] KIM S H, PARK U H, KIM J H. Voice Coil Actuated (VCA) engine mount for vibration reduction in automobile[ J].
International Journal of Automotive Technology, 2020, 21(3) . 771-777.

[2] DAO D N, GUO L X. New hybrid SPEA/R-deep learning to predict optimization parameters of cascade FOPID controller
according engine speed in powertrain mount system control of half-car dynamic model [ J]. Journal of Intelligent & Fuzzy
Systems, 2020, 39(1) . 53-68.

[3] CHANG K J, PARK D C, LEE Y S. Active Noise Control Using a Body-Mounted Vibration Actuator to Enhance the Interior
Sound of Vehicle[ J]. International Journal of Automotive Technology, 2022, 23(2) : 327-333.

[4] YUCESAN A, MUGAN A. Development and control of an active torsional vibration damper for vehicle powertrains [ J].
Proceedings of the Institution of Mechanical Engineers, Part K: Journal of Multi-body Dynamics, 2021, 235(3) . 452-464.

[5] KANG M S. FxLLMS Algorithm for Active Vibration Control of Structure By Using Inertial Damper with Displacement Constraint
[J]. Journal of the Korea Institute of Military Science and Technology, 2021, 24(5) ; 545-557.

[6] BAEK J, LEE C, YOO J, et al. Design of Filter Length of Order Filter and Its Application to Filtered-X Algorithm for Active
Noise Cancellation of Interior Noise Inside an Excavator Cabin[ J]. International Journal of Automotive Technology, 2022, 23
(5): 1269-1283.

[7] CHENG Y, GE P, CHEN S, et al. A novel multi-gradient direction FxLMS algorithm with output constraint for active noise
control[ C]//INTER-NOISE and NOISE-CON Congress and Conference Proceedings. Institute of Noise Control Engineering,
2022, 264(1) . 951-962.

[8] HILLIS A J. Multi-input multi-output control of an automotive active engine mounting system| J |. Proceedings of the Institution
of Mechanical Engineers, Part D: Journal of Automobile Engineering, 2011, 225(11) ; 1492—-1504.

[9] FAN R L, WANG P, HAN C, et al. Summarisation, simulation and comparison of nine control algorithms for an active control
mount with an oscillating coil actuator[ J]. Algorithms, 2021, 14(9) . 256.

[10] YANG Q, MA Z, ZHOU R. A Two-DOF Active-Passive Hybrid Vibration Isolator Based on Multi-Line Spectrum Adaptive

Control[ J]. Machines, 2022, 10(10) ; 825.
[11] ATZRODT H, GRIMM A J, STEINKAMP U, et al. Ganzheitliche Simulation aktiver NVH-Systeme im Fahrzeug[ J].
Lightweight Design, 2019, 12(5) . 68-75.
[12] R LT FUE N A 3 ) B s & BT[] ] 8 B R ik (LR R ,2022,37(3) :39-44.
[13] ALl F 18, BRir ], S5 i i X 8 B B R G0 HARE R AT [T]. BRI T OR2 24l ( B AR R ,2020,34(7)
10-18.

[14] FARHANG B. [ 35 )37 3§ 8 #4 JrUBE K Matlab 47 ZUR L M ], J65t: U Tl ikt ,2020.

CIS] dl, skpCqts, HBie. BT R G0 B fE L BHRE P K Fah iR i SR p o [T ). % TRER =284k, 2021, 33
(3): 20-26.

[16] WIELL, @ik, 2000, 5 IR E KL B R SRR AGE RO L) ] TS il ,2022(8) 1 12-17.



