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Po IR AR TR TG R R
] H n . 0 _L
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Table 1 The smallest number of Gauss integration points for different order of displacement and momentum

0
JRE(39) F1(40) B IRTE WA sl 3% A0 L A3l
SRR N Z AR MACEOT R Y Jacobi Hi 4,
— B b Newton 3EAQ AR .

m= 1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10 11
2 1 3 4 5 6 7 8 9 10 11
3 2 2 2(3) 5 6 7 8 9 10 11
4 3 3 3 3(4)  3(4,5) 7 8 9 10 11
n= 5 4 4 4 4 4(5)  4(5,6) 4(5,6,7) 9 10 11
6 5 5 5 5 5 5(6) 5(6,7) 5(6,7,8) 5(6,7.,8,9) 11
7 6 6 6 6 6 6 6(7) 6(7,8) 6(7,8,9) 6(7,8,9,10)
8 7 7 7 7 7 7 7 7(8) 7(8,9) 7(8,9,10)
9 8 8 8 8 8 8 8 8 8(9) 8(9,10)
10 9 9 9 9 9 9 9 9 9 9(10)
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n, BT BTSSR IR ZE AN e, Fl ey AT FAHRE(43) IS . 22 -7 B H T
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m+l Hg=zm+ 1, BEEEN s =2n;47n<m +1

®2 m=1Mnfg BUNRFEZINHEE
Table 2 The order of the symplectic method for m =1 and different n and g

Hegsm BIAEE N s=2(n+g-m-1).

Gauss n=1 n=2 n=3 n=4 n=>5 n=6 n=7 n=8
1 — 1.9997 — — — — — —
2 2.0069 4.0084 2.0076 — — — — —
3 2.0069 4.0233 2.0082 2.0065 — — — —
4 2.0069 4.0234 2.0096 2.0072 2.0065 — — —
5 2.0069 4.0234 2.0096 2.0081 2.0071 2.0065 — —
6 2.0069 4.0234 2.0096 2.0081 2.0075 2.0068 2.0065 —
7 2.0069 4.0234 2.0096 2.0081 2.0075 2.0071 2.0068 2.0065
8 2.0069 4.0234 2.0096 2.0081 2.0075 2.0071 2.0070 2.0066
9 2.0069 4.0234 2.0096 2.0081 2.0075 2.0071 2.0070 2.0068
R3 m=2MnflgBURRERZNEE
Table 3 The order of the symplectic method for m =2 and different n and g
Gauss n=1 n=2 n=3 n=4 n=>5 n=6 n=7 n=38
1 J— J— J— J— J— J— J— J—
2 — — 4.0084 — — — — —
3 2.0069 4.0239 6.0217 4.0110 — — — —
4 2.0069 4.0249 6.0182 4.0108 4.0104 — — —
5 2.0069 4.0249 6.0182 4.0122 4.0117 4.0104 — —
6 2.0069 4.0249 6.0182 4.0122 4.0119 4.0106 4.0104 —
7 2.0069 4.0249 6.0182 4.0122 4.0119 4.0111 4.0110 4.0104
8 2.0069 4.0249 6.0182 4.0122 4.0119 4.0111 4.0111 4.0105
9 2.0069 4.0249 6.0182 4.0122 4.0119 4.0111 4.0111 4.0108
R4 m=3MMnilgTURRERZNEE
Table 4 The order of the symplectic method for m =3 and different n and g
Gauss n=1 n=2 n=3 n=4 n=>5 n=6 n=7 n=38
1 J— J— J— J— J— J— J— J—
2 — — 2.0069 — — — — —
3 — — — 6.0217 — — — —
4 2.0069 4.0278 6.0378 8.0434 6.0430 — — —
5 2.0069 4.0278 6.0396 8.0523 6.0396 6.0381 — —
6 2.0069 4.0278 6.0396 8.0528 6.0404 6.0379 6.0381 —
7 2. 0069 4.0278 6.0396 8.0528 6.0404 6.0389 6.0387 6.0381
8 2.0069 4.0278 6.0396 8.0528 6.0404 6.0389 6.0388 6.0381
9 2.0069 4.0278 6.0396 8.0528 6.0404 6.0389 6.0388 6.0385
RS m=4MnflgBURRERZNEE
Table 5 The order of the symplectic method for m =4 and different n and g
Gauss n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=38
1 J— J— J— J— J— J— J— J—
2 J— J— J— J— J— J— J— J—
3 — — — 4.0239 — — — —
4 — — — — 8.0434 — — —
5 2.0069 4.0279 6.0367 8.0301 10.0478 8.0281 — —
6 2.0069 4.0279 6.0367 7.9902 10.0352 8.0265 8.0264 —
7 2. 0069 4.0279 6.0367 7.9904 10.0355 8.0278 8.0275 8.0264
8 2.0069 4.0279 6.0367 7.9904 10.0355 8.0278 8.0276 8.0264
9 2.0069 4.0279 6.0367 7.9904 10.0355 8.0278 8.0276 8.0270
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Table 6 The order of the symplectic method for m =5 and different n and g

Gauss n=1 n=2 n=3 n=4 n=>5 n=6 n=7 n=8
1 J— J— J— J— J— J— J— J—
2 J— J— J— J— J— J— J—
3 — — 2.0069 — — — —
4 — — — — 6.0378 — — —
5 — — — — — 10.0478 — —
6 2.0069 4.0279 6.0367 7.9808 10. 1020 12.0882 10. 0670 —
7 2.0069 4.0279 6.0367 7.9813 10. 1007 12.0673 10. 0638 10. 0633
8 2.0069 4.0279 6.0367 7.9813 10. 1007 12.0682 10. 0654 10. 0646
9 2.0069 4.0279 6.0367 7.9813 10. 1007 12.0682 10. 0654 10. 0650

RT m=6MMnflg BURRERLNIEE
Table 7 The order of the symplectic method for m =6 and different n and g

Gauss 1=1 n=2 n=3 n=4 n=>5 n=6 n=7 n=8
1 J— J— J— J— J— J— J— J—
2 J— J— J— J— J— J— J—
3 J— J— J— J— J— J— J— J—
4 — — — — 4.0278 — — —
5 — — — — 8.0301 — —
6 — — — — — 12.0882 —
7 2.0069 4.0279 6.0367 7.9829 10. 1052 12. 0837 14.1331 12. 0591
8 2.0069 4.0279 6.0367 7.9828 10. 1052 12.0842 14.0813 12.0565
9 2.0069 4.0279 6.0367 7.9829 10.1052 12.0842 14.0823 12.0580

F8 m=5T0n g TR BIRGTWHEAIBIRE
Table 8 The relative error of the Hamilton function for m =5 and different n and g

Gauss n=1 n=2 n=3 n=4 n=>5 n=6 n=7 n=8
1 J— J— J— J— J— J— J—
2 J— J— J— J— J— J— J—
3 — — — 5.74e -2 — — — —
4 — — — — 1.08¢ -7 — — —
5 — — — —  5.60e-14  — —
6 5.74e -2 8.80e-5 1.08e¢-7 2.31e-10 9.60e-14 4.66e-17 9.16e-15 —
7 5.74e -2 8.80e-5 1.08¢-7 2.3le-10 9.60e-14 1.96e-17 9.13e-15 9.13e-15
8 5.74e - 8.80e-5 1.08e- 2.31e-10 9.60e-14 1.96e-17 5.28e-15 5.27e-15
9 5.74e -2 8.80e-5 1.08¢-7 2.3le-10 9.60e-14 1.96e-17 5.28e-15 5.27e-15

8 FARGH THIE KA 0. 1(s) Bf,m =5
1M n F g AB AR, B3R E 28 0 pR 50 A X 1R 22, 3R
8 KB X T SPPmng J5 %, X T 257 m, L4
BRHn=m+1 fl g=m+2, 1fXFPL G ] F
HTRE(39) 1 (40) FoR A B miAg =X, K

5%

ARICRE T SUAN R AN Bl [8] kA B H 22350
AL, IR PRy DX IR A i ) | S Bl Dy i 57 2%
AR R ST XA A L T I R S

FA) P R D) 2 46 A0 1 ) BB AR 0 DR Bk Tl
BAESAIR BT 458

(1) W)™ U R E 2 B EC) m,
] LS Z U G B n, Gauss f”/\,'ﬁ/\
Bl ¢, W m<min(2n - 1,n +1) AR IE
R Gauss B SAEGHE e=n -1 2n-3=m

=n, WER Gauss B SN EOHEE g =n-18{ g=

m + 1 ;5 m >2n =3, R Gauss FI40 554807 2
g=m+1.
(2) 7E Gauss P70 s M E0WG R 4518 1 1 &4

T, &n=m+2, BERE N s =2m;#F n<m+1 H
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SYMPLECTIC METHOD BASED ON DUAL VARIABLE PRINCIPLE
AND INDEPENDENT MOMENTUM AT TWO ENDS”

Gao Qiang Tan Shujun Zhang Hongwu Zhong Wanxie
( Department of Engineering Mechanics ,State Key Laboratory of Structural Analysis of
Industrial Equipment ,Dalian University of Technology ,Dalian 116023 )

Abstract The generalized displacements and momentum were approximated by Lagrange polynomial, and the
momentum at the two ends of time interval were taken as the independent variables. Then the discrete Hamilton
canonical equations and the corresponding symplectic method were derived based on the dual variable principle.
A fix point iteration formula can be derived when the order of the approximate polynomials of displacements and
momentum satisfy some certain conditions. In the numerical examples part,the smallest number of Gauss integra-
tion point required for different order of the approximate polynomials of displacements and momentum was dis-
cussed ,and also the numerical precision of the proposed symplectic method for different orders of the approximate
polynomials of displacements and momentum and numbers of Gauss integration point was discussed. The fix point

iteration formula is the optimal one.
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