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Hamilton /KR, FEIR R G2 (9 AEAA [ H 258 Hamilton H6 [ 1Y A AE(RL 7] 3 ; H T == ARk 1]
I, AT LASE IS8 4 A AR PR R R <1 R G A BE IR R SRR, F AR T LUZE Hamilton {4
THATIHE AEPEIR IR Y RGN Rayleigh R ASAE A [ {5 S AR i ) 890 2 [m] — 9y 34 ] 8L F AN
[ IR T AR O RIEA Rt — 018 OC TN BHJE R 3l R GEAE Hamilton 1A R 1 1HE A
ATERE AN B BEIR R GE 0K g JE B FHJE PR IR R 4, d A 2.

ARSCH B A AL T HET Lagrange 3 T 2 VEHR I R 50K 556 T Hamilion /R 5L AEHR
RGN FP TR AR T HAEREIR IR <7 RGEFAMEH R S Rayleigh R AE {f 7] 25
ZIANER R JF i I HE A5 1 T Rayleigh RIASTEAR 5 EAEME )2 ROCHR BRI 1) XFT
ANMEAE , EANMEE V)7 % T Rayleigh FIASEAE AR SAE ;2) X TAE ) &, 2 Ak [] 42 R0 % (1)
4 NI HFHERE S Rayleigh B A AR AR AR AT I A AIE 1] 428 0 B AH 22 — R ECL 46 | 1 T |y A
AiE T B AR B BT R 2 0 — R R RS AT LUE R i T Lagrange 1 Z R ARAE 1) 12 R T R
SEBR Ay B T Hamilton 442 28 AE ) £ IT 19— R AL RIATE 20 AR 28 TARBEA |- A< S
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1 Lagrange 1K R T4 MR8 R 5K

— A n AELNEIR BN R G B 0 A T DL R R
Mg + (G +C)q + Kq =f(1), (D
Hri M, G,C M K 50500 RS ey FESREE BHE FEMNIBE R, q 5 f 50500 n AERAS 1A 12
L5 R 1 AT BRSO 5 B e ROz, 30 (1) B A

Mg + Kq =f(1) . (2)
XF(2) , AREERE (K - w’M)q =0, HA Rayleigh F

w* =min[ (¢'Kq)/(q'Mq) ], (3)
LSRR B n AAEMR ] ,q,,, HRIEZSH—X R,

YiMp, =1, K, = A, (4)

Hb g, =14,,.94,.94.,], A = diag(]) .
02 WA R B, (1) 4Rk
Mg+ Cq + Kq=f(t). (5)
T3 (5) iR I REIEBE JE 2R 55 , HOoR A3 % JH Rayleigh i ASAiE [l 45k J AR 17 R 58
B, B B T ik T W Rayleigh RACAE [t B 2R M2 4

g(1) =, e(1). (6)
R (6) [RAR(S) , e BPHAZLT ¢! IFERFIE R RR(4) A
E(1) + PICP,E(1) + Ac(t) =glf(1) . (7)

#rBJe A L BIBHJE 5 Rayleigh BHJE , =K (7) 58 2 . 76 th 2K (7) SR A5 B RLS A AR s T
A (6) BV AT 753 2 (67 7% )
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Mq + Gq + Kq =f(1) . (8)
BER, X5 RT3 J127 05 #2 (8) 1 Lagrange PREH
. | L., | T
L(q,q)=5qu+?q Gq-quq +f(1) q. (9)
W H Legendre 284, £52 Xf {5l .
p=0L(q,q)/3q =Mq + Gq/2. (10)
M B E g, HE—0T PLE X Hamilton PREL
H(q,p)=p'q-1(q.q) =p'Dp/2 +p'Aq + q'Bq/2 - f(1)"q, (11)
Hr
A=-M'G/2,B=K+G'M'G/4,D=M". (12)
SRS [m] 2 U AH N A% Hamilton 1500 5 F#2 4
0
) :H + y 13
P {/m] (1)
Herby F1H 5050 R A5 1) 85 Hamilton J5F5 , 635000 .
HIEE
y = , H = ol (14)
-B -A
X (13) 80700, A Hamilton K [ AR AiE (R 7] &1
HY =uW, v =Wexp(ut) . (15)
H [E1 2n DMAEEZ 38 245040, vl DK o3 s .
{a> /’Li,Re(/’Li) <00rRe</"Li>:O,Im(/‘Li> >Oa i:1’2 o (16)
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Hamilton 4[4 AR AE ] 536 2 HEHE 2 1R AC H— SC &R UK HAHEDIAS 2 40 T 2 AR AR R .
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JIlpE)
vyw=J, (18)
Mo g Sy B SRR
[ 0. I,
J= 1. 0. . (19)
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M= (20) /T IS R
q=Q.a+Qb,p=Pa+Pyb. (22)
X (20)IRAKL(13) , LR ' T, 153
v, =Dy, —JWTJ{/O } , (23)
(1)

H D, = diag[ diag(p,) , — diag(u,) ] .

FEREE D, B MR e (23) 58 il 20 (23) SR ARAS 2223 (8] o iy ) AR AR IS
FRAR (22) BIATA5 24778 5 X 3l it
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HBG=00,4D=M"B=KA =07 #5 Rayleigh FjFIATE 0] A4 o, 5ILHEF
AR A O ZHMOCR, 6% BE—1 Rayleigh Bl A LN & ¢, ,, A

Kq,, =oMg,, . (24)
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Xt (24) 5 (25) , AT LR 2]
pi=-of = =jo;, (26)
Ees

wp,i /-L;Mq./;,i

LA ) RRECAAN (== 1), BBk T 5 i A0 S AR ) A U — PR b L SR AR
(B H AR O8 B =X (25) mTLAFS 3 o, 1927 FEBARAE (7] N

v - ('ﬂq,"ﬂ} =[ b, ] (28)
"\ -,

R SRR ) 8 B —  AAA(27) ((28)

() T(W,.) == 2wk (q,,) ' M(q,,) == 2uk" = 1. (29)
I, Rayleigh R RASAE [l i FE 1 o, SAEHEFAE 6 1 @ Z B ER N

0.=0,=¥,A,, P, =-P; =Mys A,, (30)

Horp
. 1 . jo;
A, = dlag(mj , A, = dlag( - 2ijJ. (31)
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Q.P, - P.0Q, =A1¢1M¢q/‘2 _Az'J’:M‘/’qu =AA, -AA =0, (33)
QiPp - PiQﬁ :_All/,;Mlqu2 _Azl/’;M'/’qu =
-AA, —AA =-24 A, =1, (34)
QsP, - Py0, =- (Q.P; - P,0y)" =-1, (35)
0P, - P,Q, =— A ;M A, + A,y ;Mg A, =— A A, + ALA, = 0. (36)
B E BRI

2.3 M2 (PER) REGEFEKAE
ST PRIR ARG AL [ i FETT, AT LISH5 BHE PR IR R G A 2 1 i 1oz A FE SR BH e R GefE

B BESR R SRR, AT AR 2.2 /N5 A5 B S AR 1) FE AR N T BRI, T K A
TR ERE, w1 S R

Mg +Gq +Kq=f(t) -Cq. (37)
B (13) 28

0
13=Hv+{/}, (38)

Hrh v SHEAREX(14) haliE L, B =f() - Cq K, X (23) FEXFMFIE T W iZek
H5h

. R 0
v, =Dy, J'I’J{/(t) —C(Aq+Dp)}° (39)
H X (22) A (39) 155
{d(t)}=(D +8){a(t)} —J!P'"Jbo } (40)
b(1) b b(t) ()’
Hrp
E‘=J11'TJ[ 0 0 } (41)
C(AQ, +DP,) C(AQ, +DPy)

3k (40) 55.(23) X A LU BB 2 19 1 BRGS0 ) B R B2 1 T € 4% F T o )

HE— 2 5, BB JE S HBIRRJE 50 Rayleigh FLJE , C thA et #5015 | L 45 58 (40) If:
RS2 A AR E TS B8 1 HER AT T 75 B2 (40) HoA — Wiy oy FRgl bR I 28, T LA
IS A AR AR iR A
DAL Bt SR A R PR RELJE 2R e, PR 3E P T AR B IR B L2 2R S %) Tl B i
BLER% G=0,D=M"B=KA =0 HK(30)Br. 42 (30) 521 1RAZ(41) 1535
~ A1¢;C¢4A2 - Al'ﬁqu'/’qu

C-= ) . : (42)
- Al"/’qurquZ Aldlq C‘7[IqA2

H UL FTLAE £, S REJE N L BB B3 Rayleigh FEJGHT, Hi8% € Sy 4y Huxd £ A B, P2 0 B 4
TAREIAS 2 X £ 1.

XFTARPRIROR ST R ST, 2.2 /N4 I AR 5 Rayleigh By ASAE i [R]85 2 6] 77 75 ¢
A ARFEIRRE S 2R GRS R 1 A0SR 2 T AR BE R DR ST R ST R AR [ B by st w] RUHED X
FEFEIRRHLIE R GE, 2 T Rayleigh RASE [ i ) e TF 5 B B T2 ANAIE ) 5 f) R T o B2 [) 42
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%A HE R 22 .35 T Rayleigh FiASE (] 55 AR IF 2 B, A5 20 (6) A7 1T 366 T3 A 7] 1
THER A (22) oL (30) A (22) AT LIS 3]
g=¢,A(a+bh). (43)
XFEEER(6) 5 (43) FTLARBL A (a + b) SRS MR ERIB IO o, KRB T s i
RV SRS S RV 2800 482 T okt —2 i i sh F12# AR S MRk Ui ¢ = A (a + b)) .
BRI (38) M T

g=Aq+Dp=Mp, (44)

p=-Bq-A'p+f =—Kq+f(1) —-CM'p. (45)
R (22) AKX (44) 18

Q.0+ Qb=M"(Pa+Pb). (46)
#=(30) A XS

A(a+b)=A(a-b). (47)
F el F 2 (22) FRA K (45) IR (30) A

My A (a-b)=- Ky A (a+b) +f(1) -Cy A(a-b). (48)
WX (47) ERHBST A (@ + b) = A,(a - b) AR (48) 145

My A (i+b) +Cp,A(a+b) +KpA(a+b)=f(1). (49)
Xf B2 o, FFRIHIESS R (4) A

A(d+b) +CP A (a+b) +AA (a+b) =4 f(1). (50)

Xt Rayleigh i) EH, A (7) Bor A e (7) M(50) v LIER] #i55 A c =A,(a +b) .
3 8 b

3.1 FFFEHRFER AL
FEANE 1 PRI 7 F R ARRE IR R

17 A EARRRIRME RS
Fig. 1 A 7-DOF damped system without gyroscopic effect
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[ 3510 -5780 1830 425 121 29.6 8.74
-5780 13500 -8950 1090 215 69.4 16.5
180 -8950 14500 -8740 1160 231 78.5
C= 425 1090 -8740 14600 -8720 1170 251 , (52)
121 215 1160 -8720 14600 -8710 1230
29.6 69.4 231 1170 -8710 14600 - 8430
8.74 16.5 78.5 251 1230 -8430 13900 |

[ 204 -350 111 257 730 1.79 0.529]
-350 808 -542 662 13 4.20 1
111 -542 870 -529 703 14 475
K=10"| 257 662 -529 874 -528 70.7 152 |. (53)
730 13 70.3 -528 875 —527 74.6
179 420 14 707 -527 876 -510
10529 1 475 152 746 -510 833 |
BEAN, O 1) DL IR SR AR
F(t)=[153 170 170 170 170 170 183]"A(¢); ¢(0) =0, g(0) =0, (54)

Hrp
(55)

_ ([sin(me), 0<:<1.0,
S = 0, t=10.
BT Rayleigh B, K15 Z B FHJE J5 1% R G0 A EAESR 1 8 B A N A AR ) 22t 6 B
wr.
g, =
- 0.0499 -0.0408 -00326 00261 -0.0200 -00137 -0.0070
-0.0412 -0.0108 00114 -0.0286 00375 00354  0.0214
-0.0324 00164 00355 -0.021 -0.0069 -0.0369 -0.0348
~0.0237  0.0345 0021 00236 -00369 00096 0.0404|,(56)
-0.0155 0.0394 -00146 00348 00244 00242 -0.0386
-0.0084 0.0314 -00405 -0.0128 00237 -0.0402  0.0290

L — 0.003 1 0.0159 -0.0334 -0.0414 -0.0379 0.0273 -0.014 1|
R 7 AMEZARBRERAR T REA B AR

Table 1 The natural frequencies of the 7-DOF conservative system without gyroscopic effect

k 1 2 3 4 5 6 7
w® 119.493 7 2347.6254 12 679.884 0 33 192.5197 61 169.9555 90 163.413 8 112 297.213 9
MG 2.2 /NTHSL AR R, IR IZARFE SRR ST 2R GE I AR 1] o AR

Qa = QB =

[ - 0.007 6 - 0.007 6i - 0.0029 -0.0029 - 0.0015-0.001 5i 0.001 0 + 0.001 01
- 0.006 2 — 0.006 21 - 0.000 8 - 0.000 81 0.000 5 + 0.000 51 - 0.001 1 - 0.001 1i
- 0.004 9 — 0.004 9i 0.001 2 + 0.001 2i 0.001 7 + 0.001 71 - 0.001 0 — 0.001 Oi
- 0.003 6 — 0.003 6i 0.002 5 + 0.002 5i 0.001 0 + 0.001 01 0.000 9 + 0.000 9i
- 0.002 4 - 0.002 4i 0.002 8 + 0.002 8i - 0.000 7 - 0.000 7i 0.001 3 + 0.001 3i
- 0.001 3 - 0.001 3i 0.002 3 + 0.002 3i - 0.001 9 —0.001 9i - 0.0005 - 0.000 5i

L — 0.000 5 — 0.000 51 0.001 1 +0.001 11 - 0.001 6 — 0.001 6i - 0.001 5 - 0.001 51
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- 0.000 6 — 0.000 6i - 0.000 4 - 0.000 4i - 0.000 2 — 0.000 2i]
0.001 2 + 0.001 2i 0.001 0 + 0.001 Oi 0.000 6 + 0.000 61

- 0.0002 -0.0002i -0.0011-0.0011i -0.0009 - 0.000 9i

~0.0012-0.0012i  0.0003+0.0003  0.001 1 +0.0011i| , (57)
0.000 8 + 0.000 8i  0.000 7 + 0.000 7i - 0.001 1 — 0.001 Ii
0.000 8 + 0.000 8i - 0.001 2 — 0.001 2i  0.000 8 + 0.000 8i
-0.001 2 -0.0012i  0.0008 +0.000 8 — 0.0004 — 0.000 4i |
P, =-P, =
12.628 4 - 12.628 4i  21.715 3 - 21.715 3i
11.589 7 - 11.589 7i 6.418 0 — 6.418 0
9.1130 - 9.1130i - 9.698 2 + 9.698 2i
6.673 0 — 6.673 0i - 20.403 7 + 20.403 7i
4.367 9 - 4.367 9i - 23.297 7 + 23.297 7i
2.368 0 - 2.368 0i - 18.605 0 + 18.605 0i
0.930 4 — 0.930 4i - 10.101 3 + 10.101 3i
26.474 5 - 26.474 5i - 26.906 4 + 26.906 4i
- 10.260 9 + 10.260 9i  32.795 5 — 32.795 5i
- 31.989 8 +31.989 8i  29.995 1 — 29.995 i
-19.909 1 +19.909 1i - 27.030 8 + 27.030 8i
13.1250 - 13.125 0i - 39.923 0 + 39.923 0i
36.5197 - 36.519 7i  14.656 4 - 14.656 4i
324131 -32.4131i  51.082 3 — 51.082 3i
24.096 9 — 24.096 9i  18.166 9 — 18.166 9i 9.753 0 — 9.753 0i ]

-50.188 6 + 50.188 61 - 52.077 0 + 52.077 0i - 33.291 1 + 33.291 1i
9.276 6 — 9.276 61 54.409 3 — 54.409 3i 54.083 1 — 54.083 1i

49.347 1 - 49.347 11 - 14.111 8 + 14.111 81 - 62.869 1 + 62.869 1i | . (58)

- 32.576 2 + 32.576 2i - 35.679 3 + 35.679 3i 60.002 8 — 60.002 8i
-3L7111 + 3L.711 11 59.230 2 - 59.230 2i - 45.103 7 + 45.103 7i
54.500 3 - 54.500 3i - 43.305 1 + 43.305 1i 23.566 0 — 23.566 0i |

RKrsC(57) (58) AU EAMEIEREACA | HY - WD ||, = 2.417 4E - 10, HOCRKX

(30) F+ 2RI
R2 7 HMEERRLESIIREAERT TR R S
Table 2 The roof displacement response of a 7-DOF damped system
t 0.2 0.4 0.6 0.8 1.0 maximum relative error
exact solution!? 0.004 269 0.014 859 0.011 925 0.006 133 0.002 571 -
PIM (Ar = 0.2) 0.004 269 0.014 858 0.011 925 0.006 134 0.002 571 0.016%

75 5 2 W BILJE. 28 5 AR AT A i , T 1 R F 5 0 X BILJE R 96 19 0 . 1 DA 0
WICp, AR BT Rayleigh BIAAERRNE o, ETFASEIYE (7) IR 52 2 A,
SEF A [ W R FFSR AL IR 3 e W B, U 45 AR AR 2% (40 ) FIHDRS 40 BU43 oK
2% (40 ) BIVT A3 R GE AW L. T 25 B0 AT (AT , SR FFSCIRT 101 P e 5 R AL
Ko SR AR 26 2 SRS TR B 5 K Iy 0.2 B A 1 5k TF AR SR 8. 4B 5 K 0.2
B, B AR 00 0.016%. PRI , 574 161 15k P 1 e L J2. 2 e W B 2 T 77
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Fig. 2 A damped gyroscopic system

IR 2 BRI 2 A i EEREBEIR RS R G TR B R | BEJE B 5 R RE 43 51

W,
{m 0} { 0 - ZmQ}
M = N G = )
0 m 2md{2 0

c 0 kl—mﬂz 0
c{ ],Kz ,
0 0 0 k, — m{¥

m=1kg, =1rad/s, ¢ =0.1 kg/s, k, =3 kg/s’, k, =5 kg/s".
ZRGPI R FEIECH ¢(0) = 0, ¢(0) = 0. F i, BETE x 7 A El Centro %
W Ry T B UE AN (1] ek JRTT A AT 8500 JE XS 2 (1) AT AR R R M S RN A S H i T
(1) BEHRREUS, ] IR UL 2243 Newmark J5 3%, T8 T HU#R, 48— R R 4 B4 i
PEATIARERUT il K20 (D) B bR EIE LS I A y, = q,y, = ¢, WD) /T RISy

(59)

Hrp

1o L N [ Y
e + . (60)
y -M'K -M'(C+6G)]|\y, M'f(t)
DRI, ot T TR L K FAS AR i 2 iR =X (40) (3R(60) |, FExd a4t Rgkf T HUA,
T I EARE o) R B, 75 21 ST A Z S BELE 1 BE IR R G5 1) = AR AIEAE () 8, 2 A
TEAE BT F .
D, =diag(0.936 4i 3.020 4i - 0.9364i - 3.0204i), (61)
w =

0.318 0 + 0.318 0i  — 0.226 8 — 0.226 8i
0.190 7 - 0.190 7i 0.267 4 - 0.267 4i
—0.488 4 + 0.488 41 0.417 5 - 0.417 51
0.496 5 + 0.496 5i 0.580 9 + 0.580 9i
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0.318 0 + 0.318 0i - 0.226 8 — 0.226 8i
-0.1907 +0.190 71 - 0.267 4 + 0.267 4i
0.488 4 — 0.488 41 - 0.417 5 + 0.417 5i
0.496 5 + 0.496 51 0.580 9 + 0.580 9i
MR (62) TR FIFEIIIC R 0 == s W0 = P + ithy, O
HO R RRERT 125 KM 0.02 s, BORF AR A3k 45 KA I R 0.02 s W81 3 45t T BE IR AR
S B M . 0T L 1), S A G 1 JE T A8 B 2 SR 5 IR B M A 0 2 S
Y1,

, (62)

04r O symplectic expansion method
direct integration method
0.2
g R
~ [0k ==
=
-0.2
-04 1 I I i 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
t/s
0.4

O symplectic expansion method

-04L

direct integration method

0 é 4 6 8 1.0 1.2 1I4 1I6 1.8 20
t/s
B3 H BB PR IR R G R B
Fig. 3 The displacement responses of the 2-DOF damped gyroscopic system
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TEA/NYT 5 3.4 /N gl B D | 25 5 ¥ RGE 80 12 8L 5% R 5 2 7 % i TAE e
AU Iz B B R TR 22 0 TR @R R SOk 4, 12 ] A TEAEA 213X BUR TR
IRFEANTE B TEA SCR -3 2 mi i X TR H Euler ZRAAY BT B r 57 1 3%
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Fig. 4 A rotor system with 6 circular disks
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Table 3 The main parameters of the system shown in fig. 4

,/\

i 1 2 3 4 5 6

l; /m 0.1 0.05 0.05 0.1 0.1 -

m; /kg 20 5 10 5 20 5
In; / (kgem?) 0.072 0.018 0.036 0.018 0.072 0.018
Jyi 7 (kge -m?) 0.144 0.036 0.072 0.036 0.144 0.036

XFF A A% AL bR T HEAR 25 R 2 0 O BT 5 I 1 DB R % IR D, B, @5 &
g0 HAR BN : e, = 0.01 m,e, =0.02 m,e, = 0.005 m £ BFI A AR AR 22 0 « Sl HRCA s 452k
OB 8 1 2, DUl 5 R ) TR VS R A B AR5 oA 0% X T BELJE 4 B , B Rayleigh BHLE
C = 0.02K JH=EARAE 1) i JR I 5 FLE A 2R i QO 55 B i 1o DL L 5 (11 6. AL S FiTEL 6
AT LLVE B, B T on A 1) i R F AR B i 45 R 5 B R RUME I 45 R 2 — 80N A, v LUE
@JEETBHJEE’J%I/\ H R 30 1 53 s TR R, o 1 T SR EE AR 3 43— B RS R G

et IA WO VAN BEE eI
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2x107F direct integration method
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Fig. 5 The dynamic responses of coordinates at the rotation center of No.(D

disk of the system subjected to harmonic excitation
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Fig. 6 The dynamic rotation angle responses of No.(D disk in the system subjected to harmonic excitation
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Table 4 The main parameters of system shown in fig. 7

i 1 2 3 4 5 6
I; /m 0.1 0.16 0.12 0.12 0.1 -
m; /kg 0.5 2.5 2.0 1.0 2.0 1.0
J.; 7 (kg-m?) 2.0x107 1.05%1073 2.95%x1073 1.65x1073 2.95%x1073 4.56x107
Jy; /(kgem®) 2.0x107* 3.95x1073 2.95x1073 1.65x1073 2.95x1073 4.56x107°
Jyi 7 (kgem?) 3.8x107* 5.0x1073 59x1073 30x1073 59x1073 9.0x107°
P N D AN S AN
L I - |
______________________________________ e W M
@ @ U@

XET AT, AT A bm T H R, 25 IR SRR UG 3 T R SR L W) iR P S BCR «,

7 BRI K ITE R 6 T RS

Fig. 7 A rotor system with 6 disks and a rectangular-cross-section axle

0.001 m,y, = 0.002 m,x, = 0.001 m,y, =0.002 m . TFBHIEH 4, B Rayleigh BHJE C = 0.04K .
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Fig. 8 The dynamic responses of coordinates at the rotation center of No.(D

disk in the system subjected to initial perturbation
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Fig. 9 The dynamic rotation angle responses of No.(D disk
in the system subjected to initial perturbation
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Dynamic Analysis of Linear Damped Systems With
the Symplectic Eigenspace Expansion Method

LI Ming-wu, ZHAO Yan, ZHONG Wan-xie
(State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) ; Department of Engineering Mechanics
Dalian University of Technology, Dalian, Liaoning 116024, P.R.China)
( Contributed by ZHONG Wan-xie, M. AMM Editorial Board)

Abstract: A symplectic eigenspace expansion method was proposed for the dynamic analysis of
linear systems with damping and gyroscopic effect. The modal expansion method based on the
Rayleigh quotient had been widely used in the dynamics of complex structures. However, the
applicability of the modal expansion method was restricted since the gyroscopic effect was not
taken into account. Herein, the relation between the Rayleigh quotient eigenvalue problems and
the symplectic eigenvalue problems was established firstly. For these two types of problems, it
was found that the latter was more general and can be reduced to the former through neglection
of the gyroscopic effect. Then, the symplectic eigenspace expansion method was derived to
conduct the dynamic analysis of linear damped gyroscopic systems. Finally, effectiveness of the
proposed method is shown with the numerical examples of damped systems with and without

gyroscopic effect simulated respectively.

Key words: damped system; gyroscopic term; Rayleigh quotient; symplectic eigenvalue
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