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Runge-Kutta A X By B3 & Wik 2 B H R ZE R MR E WA EERE T aHEF KO KN, b HE
Rt—ANMHEEL . LEERAERABEEM S K., HZEERH T4 Runge-Kutta & 7% 71 4 4 Runge-Kutta
HiEd, B2 8E N F K E # Runge-Kutta & 3% f1 5 40 Runge-Kutta L 3= HE W E F KRB TALZWES
RERMEREHITEREBELOLIET ASCH & AR,

XEBR . EFLEET N FTE; BEN S K HH RS % Runge-Kutta %

HESES 0322

1 51 5

1994 4F  Bh 7 B8O TR G BUE By
14 22 53 2, R0 e 3 AR AR X e i AL 2
TRE AR Sr AR LR R G IR S AT AR AL T
B SR TR KR A8 DR B ok R 2t
RGBSR ik AR S B AR BUME ST A
H AN ARy v, A5 SR ik 28 498 0 0 10 RS T A LA
ROk s SRR MU T Ik 2T Ak I B 07 B i AR
LR METR Ay A5 B 43 BERR 43 SR A s TE B T 0K
Ry O T SR A0 B 0k v i A8 IO FR As SR 1
FHES G 287K 40 AR 4k 0 38 8 8 o8 St B3 o 72
PR B A5 RS 4l B4 1 5 BAG AL IE Adams-
Bashforth-Moulton £ 2 LM 45 & . 1% J7 15 77 22 %)
TR AT AR R TR AR LM S5
Bl 3 75 R ) S I T] - 380025 5 12007 1A A o R A
SR TOR TR R T A HA R T UK B RS
M DL A B G T SORE A B A3 1 AN AL ARG
TR B ] T AR LA B 3 4 B i T SOKS A AR 4y
s B ED A5G WP SOR Bk
E X0 IR A T R OR L B — Rl B T 43 B
AR A% 25 2 RSN R RS i B3 kR B R
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TR DX ) 22 R 2 43 1 AR S B T A R ) 2P K
(1 F R SR B s T Y R T adams 2 200 B
) 204 SR AT A N A AR L A I E IR R 1R
e TSR L A

AR ET Runge-Kutta 32 52 31 X} B[] 25 K 1
I3 N o 45 i TR 2D A ARORE T 45 5 YR 22 BRAE . )
H % dt Runge-Kutta 5 2 #1 k5 41 Runge-Kutta &
%153 B iGN A KL M Runge-Kutta 85 7% FUK
4l Runge-Kutta 5 3k, B HIUEH Tix kWA
Rk .
2 IREMITRIEKX

— Bl O3
y=f(x,y) (D
LIt R-K ¥ (DU Runge-Kutta 3%) 4]

Ki=f(z,:y,)
K, =f(x, +h/2,y, +/2)K)
Ky =f(x, +h/2.y, + (h/2DK) 2)
K,=f(x, +h,y, +hK;)
v, =y, + (h/6) (K, + 2K, +2K; + K,)
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L MR BIR 220K O (R, LU A5
Mo, RSB EK R h AR BT oy
(R h Row UL h BRI EAARE v, O
Jri iR 25 ik =L B

y(x,) =y &=ch’ (3
K oy (o, ) FRR BT ¢ HEE B8 U [E
KN /2, WNEFEIT S 2, A, T3 R 2 B (]
W s BRISET v (ERR R /2 TR R /2R
BB R RAR BN v, ) MR EBIR 25 ik =0, AP

y(x,i) —y 2)’\/2c(—) (4)
K H DO MBEH

(h /2)

vy (x, 1) — v 1

3/(1‘7,+1>*yu(h) N16 )
y(x,0) _y(lnLIZ)Nﬁ(y(/ Py (6)
AT RIE AN
' (x, )= E(y” P—y"D D)
&€(x, 1) =max[abs(& (x,.1))] (8)
y(x +1) =V, /+])) _'_S (I +1) 9

E(x, o) B —WF A K P iR 22 A A T E 20 ()
MULEF R AKX y (2, ) BITARE, € (x, ) <a
RRE R R P T — AN HI WA R
FRAE a2 ECa, ) =>a BF BB ) 25 s F , B 20
B E(x, ) <<a,

FasE eI W, MRk oy b, R A
(D £,y WREKXT y 1Y Lipschitz 548, Jr
BN R ERMIR2ZE e, =0 ), VAR, W
05 V5 AR TR 25 K e, =O(h?) . H2Y p =11,
Fs, Hitg i R-K Bk, 6 i R
TR AT 15 2 % ) W A A DT R 25 AR SR A R-K
R AR MR 22 O(hY) .

3 EiERiE

B mAEE T RK Bk T RS, K 1 o
N HBEFELS IR RAEW T 85 EN
WWELK., BELRKAEEM G LK A &
BRHEL KAWL BT 5 LKA
F o #r .

Ar* TR AR (B 1) 3 S R ) 48 i a)
Ko, R [ R A KR 4R B % B ) L s [
AR L BRAA I A s ) 25 K R e LA L R AT
i/ SRR A A B KR AR TR R A — A
K B2 PR IE

[ Eq.(8) ——] Ar=ba]

N
Y
Eq.(9), n=n+1,At=Ar"]

IR R
Fig.1 Date flow diagram
a B N BE 1R 22 FRAE , 76 45 78 1R 22 BR1E Y
A, B B R — iR PR 2Z RN SR RK
28 B RE FEAR G, X0 T W By R-K 2 2, e Jmy &8 4
BRZEMK/NER B DK A 5 . AR 52 b a) #
PRI 253 L 45 AR I R-K 2 2 18 B2 M
A B ET PR R L 255 R
b BRI A K 4N S8 — IR
K sRE Y B B 5 2T R K R IR 2E B
G A T el e R o DY 3 (17 P P N o B i
B M—THE D N0 R BB B L b (R
REdR AR B o KRR S,
— & b {EHL 0.5,

4 ZHR-KBHE

4.1 ZHARKIE
et gityzh 1 or iR
o =Huv +f(v,t) (10)
Z M R-K IEAN
K,=Hv, +f,,t,)
K,=H®, + (/2K +f, + (/2K +t, +7/2)
K.=HG, + (/2)K,) +f(v, + (/2DK, »t, +7/2)
K,=HW, +7K;) +f(v, +7K;.t,-1)
Vo1 =v, + (¢/6) (K, + 2K, + 2K, + K,)

}“_.J/'k%/f

(1D
4.2 ZHRKEENSKER
28 R-K Al NP KR B
At=At” (12)
A At R E RIS EE K,
Mo, kUL A BRI THE T R AR E

(At
+

K=HG, + (At/DK)+fv,+ (At /DK, o1, A1 /2)
K =HW, + AtK)+f(v, + AtK; 51, 41)

U,
K=Hv,+f(,.t,)
K=HW (At /2K ) +f,+ (At/DK, ot At/2)
Vo1 =v, +At/6(K; + 2K, + 2K; +K,)

(13
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Mot B LLA/2 EtaEK TR 2 k.15
Foa?
7 =At/2
K, =Hv, + f(v,.t,)
K, =HG, + (/2K + f&, + /DK, st +7/2)
K, =HG, +/DK,) + fO, + (/2K o1, +7/2)
K, =HG, + K;) + fv, + 7K, o1, +7)
vAP =y, + (7/6) (K, + 2K, + 2K; +K,)
K, =Hv'P + f522 0, +)
K, =HOW®? 4+ (/DK + fG3? + (/DK
t, +37/2)
K, =HW*P + (Z/2DK,) + fO2? + /DK, ,
t, +37/2)
K, =HGSP +7K) + fOAP +7K, 0, 100)
v AP =yAP 4+ (/6) (K, + 2K, + 2K, +K,)
(14)

WA (7,8
&1 =max{abs [(1/15) (v 2" —v 20 1}
(15)
Mg, <a b, PATRAE AT —1HEE,
WG IR 2B A,
v, =vAP + (1/15) (v AP —v )Y (16)
e, a WL HATR AT R K (13,14),
HEHIHEZITE L.
At =bAt (17

5 BHARKBENSKEBHARS X

5.1 B4 R-Ki%
Kl R-K Fk Al
K ="' f (v, ,t,)
K,=e"""f(yv, +K,/2,t, +At/2)
K=" f(v, + K,/2,t,+ At/2)
K,=f,+K;.t,.)
Voo ="y, + (A1 /6) (K, + 2K, + 2K + K,)
(18)
5.2 BARKBENSKBHARSE
KA R-K A 3d N AP KB TEA AE Boh
At =At" (19)
K A A EMPIRERIEK, 548 R-K A
T ALK A AR 3 ik 20 R AR [A)
K =" f(v,,1,)
K,=e""f(v, + K, /2.t, + At /2)
K,=e"" f(yv, +K,/2,t, +At/2)
K=f,+K,.t,. )
A

pA =My L (A1/6) (K, + 2K, + 2K, +K,)
(20)

7 =At/2

K, =e"™f (v, ,1,)

K,=e""f(y, +K,/2.t, +7/2)

K, :e"rr’/zf(v,, + K, /2., +7/2)

K, =f, +K,.t,+7)

y AP =My 4+ (7//6) (K, + 2K, + 2K; + K ,)

K, =™ f(vA0? 0, +17)

K, =" f(y2? + K, /2,1, +37/2)

K, =" f(y2» +K,/2,t,+37/2)

K, =f8P + Koty 1)

v3P =y @D L (/6) (K, + 2K, + 2K, + K )
(21)

AT A5

Mg, <<a B AT A6) TR T B,
WILRETHI LK AT,

Mg, >a B AT A7) IR I (20,21,
R R ZIT R,

6 BENHFREEMESKEZE
HEEGIXT LS
BT WAL R Bk b

BT +H4nPX5 =0, ¥R &M N 2,=0.1,
Zo=0, W x =0, ,2=1v,, HHNB—F#Ho> 7 RH

Ko .
v, 0 1 v,

{7;2}[1 o]{~02}+{(—1—4n2><fff>v1

K2 R-K 75 &8 R-K HIE N A KA
Fal R-K i A 4 R-K A iE W A K Bk k7R
fift, 2o R-K A i R-K [ i W KB LT L
iR 2 B, 45 B ) B A S B ) YT A B
FIAZR 1, Kidl R-K AR 40 R-K H & W 2 KA
P He g AN 3 I 45 I ) BE A i TR 5T
BB EIIAE 2, M R-K 3 Ar=0.1 s; 4L R-
KA@EWEKEE Atr'=0.1 s,a =1. 0X
107" mm,b=0.5;fF4 R-K ¥ Ar=0.01 s; K540 R-
K A& WA KB Ar'=0.01 s,a=1.0X10"7 mm,
b=0.5,

K1 AR BCE SR ER B2

Tab.1 Number of time nodes in each time period
s} () Bt 0s~1s 1s~2s 2s~3s 3s~4ds

2zt R-K Bk 10 10 10 10

LM RK BENERKAEE 19 11 10 10

K2 AnE BE AR A A

Tab.2 Number of time nodes in each time period

s} () Bt 0s~1s 1s~2s 2s~3s 3s~4s
K RK &k 100 100 100 100
R4 RK BN A RKARE 151 100 100 100
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(b) ZEXHiRE
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—— ZWRK HENHKEE
......... 2 RK ik
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w
o

(EEE 2(h) i, 22 i R-K 13 7 A5 4 B30 1k B 24 X 158 22
M AR LR AL bR E S L )

K2 PAZ M R-K S5 L0 Y X o 45 2R

Fig. 2 Comparison results based on the classical R-K algorithm

031

0.2

0.1

R(v,)/mm

0.0

o
......... Hi4H R-K B3k
L WA R-K SR AR
S
t/s

-0.1F

B3 PRS0 R-K 5y JLRE 04 X L 45 R

Fig. 3 Comparison results based on the precise R-K algorithm

MR 2 (il 3) I, 22 0 R-K 89k fn
i R-K [ 3 WA K 5k (EORE 4 R-K 5375 RV 40
R-K F 3 B A5 K ) X Hal 1, [ 38 B 4 K Rk
HORE B T KA. R AT DA & 1(3%& 2
8,76 0 s~1 s MBSl B N, 38 AP KA T
FEARKBILZ W 9D IR AT A5, B [ I
K RS 40 FR 43 1 RE 68 4 /N T B3 25 15 22 5 K B[]
BN B ] 25, DT 2 e 2 B TE) B Y T A
JE  E— 25 i i AR T SR

R 1EEE DAL 1 s~4 s BB E BN,
FE AR A AP KA R )2 K — R

IUAE 0 s~1 s [IFRIBE N, A 35 W A5 K 502 1 1 [R)
RN KR W A T R 6 )
BEN TR 1% 25 S R WS S R 2B RS B L X
4 sF B B P T 5 28 1R 25 B R I ) R, B BB A A R
3 N A K B AR

Ol 2 SRMFAELMERFBECH) 22 +27=0,
TR AT . AT 2 = /7. 20 +0. 09,
x=v,,& =v,, PIEFZMHR 2,=0.3,2,=12.
N 1) — B ik oy 7 R ALl

V() =HWOV)+ [

0, 0 1 v, 0
1o o
T, 0 —wv,v] U, 0
A SRR IR S T IR R R
V() =HVQ)+f(V,1)

v, 0 17(v 0
{z}z}:[l O}{v2}+{—vgvll—vl}

F 2 R-K Mz R-K A & B A K83 it
iR, 28 R-K 354 R-K HaE b A K AL
XiF b g AP 4 FIF i L 4% Bt TR) B PN A A st ) 4 A5 Y
B AL 3. ARIRZRMAE o« 04T .48 R-K
0 AP B T A R o, g K A R 22 5 A
FA4, ANFEBEPRKFEMET 2l R-K BEMNALFHE
AR A e W 5 FTR .

v,/mm
w
T

— k1
....... Vi W)
<=~ bR
0 1 1 1 1 J
0 1 2 3 4 5
t/s
(a) PFSHIRRMNZE

(a) Displacement

/ — Jik1
B ---- FiR2

1 2 3 4 s
t/s
(b) ZaxFiRFE

(b) Displacement error

B4 Ar=Ar"=0.01 s W BIRP 75 RORT L 45
Fig.4 Comparison of the two methods (A =Az*=0.01 s)
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Fk 1.4 R-K HEE N A KB ik 2,4
HMRKAEE, WM4MESHFE1IHSERN
At™=0.01 s, a =1.0X10"" mm.,

k3 HE 4 PRI kAR B A e A
TR E
Tab.3 Number of time nodes in each time period
of the two methods in Fig. 4

s} ] B 0s~1s 1s~2s 2s~3s 3s~4ds 4s~5s
ik 117 100 100 100 100
k2 101 100 100 100 100

6_
5f:
4
E i
E3
N
21 —— At=0.05s
1_3 ~~~~~~~ Ar=0.1s
: —e-- Ar=0.155s
0 il 1 1 1 1 1
0 1 2 3 4 5

t/s

5 ORI [E] 25 S TR SR 7 i 2 SR Al i 1238 I 2 il 42
Fig.5 Displacement curves solved by method 2 under different

time steps

k4 At’=0.0ls, TR afEHFHE1IAES s HEERET AN MEARARE

Tab.4 Number of time nodes and the maximum error included in the method 1 within 5 s

with different a values

a=1.0X10"7 a=1.0X10"°

a=1.0X10""7 a=1.0X10"8 a=1.0X10""

7B 503 507
MAX(R (x,)) 0.007347 0.002495

518 544 605
0.000953 0.000336 0.000113

i 3 AT, g R-K A& W A KB e i
BBt 0 s~1 s PRGBS BT 5580 117 A HAE R
B[] Bl R-K 55 ik A B ) 55 5 B0 £ 16 4, (H
M 4 TTLAE . £ R-KF & W A8 K B0 Aok
EHg i R-K ik Em—Br. 780 s~1 s B [A] B
WOTE SR ZER R A R-K AE N2 KE
T 38 2 /0N 12 B T JBE PN I B T 25 K 4 v i e ) B
DAL PO A JBE 5 DT 2 oo IR 1 3 FOKG E

M2 4 AT, o (B 12 8 8N 15 TR T
B L WOTE SR OORS B R R . X I ) A B[R]
BB 16 A ARG B .

5T &M R-K kR E MR, Y
BFEI2EK Ar=0.1 s fl Ar=0.15 s B, iZ &2 &
AFEN .

EH3 NI AL B AR LR g A
B e +Aant/IX 5t =0, MR &N 2, =0.
1,2,=0, K x =0, 2=wv,, —NWHD T EAR

V() =H@OV @) +f(1)

0.121 — KR
010~ e Z L R-K HiE
0.08 ---- Z R-K BBV HKE R
0.06
£ 0.04f
E ot
> 0.00}
-0.02F
-0.04
-0.06 |

_0'08 1 1 1 1 1 ]
0.0 0.5 1.0 1.5 2.0 2.5 3.0

t/s

(a) PiFsBIRRINZ

(a) Displacement

U 0 1y (v, 0
{732}{4n2/9><<53"’2t) O}{v2}+{0}
AR SO RS T RRIE AR
V(O =HV)+fV,0)

‘1)1 o O 1 U + ,
{‘Uz}{l O}{'Uz} _1_%'55/2[)7)[

K4 R-K % 48 R-K {38 WA KA.
Fal R-K i A 4 R-K A 3E B A K Bk b 17k
fift, 2o R-K A4 R-K A i W A KB X
SR NE 6 Fir o, 4% B 1] B N A B B ] 9 0 i e
FIAFR S, Kidl R-K AR 40 R-K A& W A2 KA
RN LR SR AN 7 BTN, 45 B 1] B AL B R TE) T AN
FEEIIA L 6, K6 hadh R-K AN KAk
HIZEH a =1.0X 10" mm,b =0.5 fl A" =
0.01s; FI 7 HMR-KA & WA KE NS H
HNa=1.0X10"" mm,b=0.5Ffl At"=0.0005 s,

0.0007 1 —— %4 R-K MM KE%

00006 ---- £ R-K ik :
0.0005 [ .
0.0004 |
0.0003 |-

R(v,)/mm

0.0002 [
0.0001

.

0.0 0.5 1.0 1.5 2.0
t/s
(b) 4axtirzz

(b) Displacement error

0.0000

Bl 6 Ar=Ar"=0.01 s B PIFPEE L H XS L &5 R
Fig. 6 Comparison of the two methods (Az=A¢"=0.01 s)
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K 6(b) i R-K H i@ M A KOk 40 4 800 1% 0.10 — R
. _ - 008F N\ 2o RK Hik:
2 M AR L T E A 0.06 | ---- YL RK HEN S KFE
ME 6 (B R 7R LIE H . B & A KR g 0.04}

G TR BE 5 AT 53 25 5 A0 B4 v 1 4 B I E ool

(Rl 2% 5(E 3 6) rl L ARBHIFE 2.5 s~3 s BRI B -0.02}
TR R B T L 3 B 4 IS 400 i 2o 4 ool
S22 Bt 1] BE PN A B TR A 2 AR 1 TR 00 05 1.0 s 20 25 30

t/s

7 RERERITIE

W 1R 22 Ak 3 Rk M T 4 it Runge-Kutta

B 7 Ar=Ar"=0.0005 s PR 5T 32 A9 X L 45
Fig. 7 Comparison of the two algorithms (Az =A¢*=0. 0005 s)

k5 W6 FMEEEREEE ST R AN
Tab.5 Number of time nodes in each time period of the two algorithms in Fig. 6
i} [) B 0s~0.5s 0.5s~1.0s 1.0 s~1.5s 1.5s~2.0s 2.0 s~2.5s 2.5s~3.0s
Z i R-K Bk 50 50 50 50 50 50
L R-K 3 A RS 50 50 50 50 50 95
k6 B 7 HMELE R EEE SR TR AN
Tab.6 Number of time nodes in each time period of the two algorithms in Fig. 7
i} ) B 0s~0.5s 0.5s~1.0s 1.0 s~1.5s 1.5s~2.0s 2.0s~2.5s 2.5s~3.0s
Kl R-K 58 1000 1000 1000 1000 1000 1000
Ko R-K FE B AP KA 1000 1000 1000 1000 1000 1666

Perp AR B AT B T) 25 0 o SR 6 55 6 i AT oK
fif A% R RI )20 S0 R, & i R B T A i
B R IR ZE AT E .

AR AN 25 SR e LR [ R T 53020 15 25 1 5
Wi, AR G EE K Ar0 h Ar=0.1s,A¢=0.01 s
L AL=0.001 s X} R TH5 25 3R 22 B BRAE R 1 X
104,110 “F 1X10 "%, R 7 A1, X Fi% [n)
L R — T D Y 1 22 AR R 22 BRAE K

SR 15 2 PR B N 25 R LR [ 8 ) 52
w82 Y 2 43 5 Ar =0.1 s, A1 =0.01 s
A Ar=0.001 s XFRAYIR2ZBRME N 1X10 1,1 X
10 5A1 110 "%, M8 Al A0 s~1 s I BN
AR AR A 18 25 R A 5 2 BRI I 2R, SR T A 3R
725 KK A0 AR G ik AT SR SR N 2% 4 I TR] 2B K
T 2 % 2 BRI 1 R, 4R v R I T BEKG J

TSR 18 R 2 B IR AS 2 R fige LA ] S
S B2 B RE K A 5 Ar=0.01 s filA: =
0.001 s X A1 2Z BRAE A 1 X 10 °F 1 X107,

M1 9 T, 2.5 s~3.0 s IR BE Y A 3153 20 3% 2%
ANl AR R 22 IRAE B 220K AR SR T A E A RORY

O L ARERESKEHETASNEEEAN
FraitE SR E/BITHTFHE

Tab. 7 Average of the error in each time period

*) 7

in example 1

s Ii] Bt 0s~1s 1s~2s 2s~3s 3s~4s
At =0.1s 9X10°7 4X10°8 2X107° 11010
At=0.0ls 1X10 ! 2X10°1 1x10 M 1x10° P
At =0.001s 1X10°16 2X10718 5X1071 3X1071

k8 KB 2R FKEETEANHEEN
B A I H R AR E A
Tab.8 Average of the error in each time period

in example 2

i} ] B O0s~1s 1s~2s 2s~3s 3s~4ds 4s~5s
At =0.1s 5X107% 5X10°% 3X10°% 2X10°% 1X10°8
At =0.01s 6X10°7 2X10 12 2X10 "2 1X10 2 1X10 12

At =0.001s 5X1071 2X10710 2X10710 1X1018 1X10°1¢

*9 HEAZARBEFKAGHTENFARAFTHITA S RZ4 TN THHE
Tab. 9 Average of the error in each time period in example 3
s} A Bt 0s~0.5s 0.5s~1.0s 1.0s~1.5s 1.5s~2.0s 2.0s~2.5s 2.5s~3.0s
AL =0.01s 4x10° 18 9Xx10 12 1X10 10 2X10°° 3X10°8 5X10°7
At =0.001s 5X10°18 9Xx10" 17 1XxX10°1 2X10 1 3X10°13 5X10 12
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AR VR BEAT SR AR I L 23 2 S I TR AP R R R 2
FIR AEL B9 255K, B B R A T T R L

ZE LR B E R ZERAE o I, AT DU % R
SR A HARTB R A 2 0, K% I8 R B9 Runge-Kutta
S BRI )20 KB R . 2l TR B R TR
RO 5 Ve 3 B0CHE 26 I 18] B N 00 0 R 25 AN T 2
RZEBR{E a 2RI, A 35 N KRS 40 AR 7 ikl 22
246 I [ 24, DT 9 A2 R 2 BRAE A9 225K, 1 T 4
AR TSRS

8 & it

AR UHETF Runge-Kutta 23 20 32 8L T *%F 15 6] 4
AT B I R R N H] T 48 i R-KI RS 4
R-K i 13 3 2t R-K [ AP KRR AR 40 R-
K HiE A KEE, EENEMERINT.,

(1) it R-K A id 0 AP ORS 40 F1 73 125 FUKS 20
R-K H 3 A6 KA i) dh i (8] 20 4 At 2 3R
SR Ao Tt b i v [ 25K BB I8 3 1Y d5e R i hy
PR RS B it i — A Joe AR 9 A B TR

(2) PRI AR 2 5 KA [a) B A& b A KA
iR 731k BE 0 A T2 N 1) B P A I ) 20 4, DT 42
1R 12 N ) BE ) THOR B2 HE — 20 3 s R AR 1 T H RO
BE X TR 1] B P TR 2D 15 22 AR Y 1) L i
R[] BE A 77 2E A 0 R 515 22 X 5 B3 55 A0 R
FAY 52 W) 2 B B T LS 00 4y 1 1) B N 153 20 15
22 BRI ) 80, ST BE A8 A 0 3 07 2D RS 40 AR
VLR B

(3) 3 F Runge-Kutta 2 2015 3] 52 90 [ 38
AR T 2B Z 07 O T 4 8 R-K 530 AR
4 R-K HErp 334 8 R-K H 3 08 K
K28 R-K A 3 0 A 58 1 R A6 ik 2 I At Ak 1) R
I AR Ak ), HAT T A il A
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Adaptive step numerical algorithm for nonlinear structural dynamic equations

WANG Hai-bo™ ,

WANG Hong-shen,

JI Hai-chao

(School of Civil Engineering,Central South University,Changsha 410075, China)

Abstract: In this paper, we examine the enhancement of computational accuracy of nonlinear structural

dynamic equations by using adaptive selection of the time step based on Runge-Kutta method. The local

truncation error of Runge-Kutta formula is used to obtain the error estimate value &, ., ,and the size of

the time step is adaptively adjusted according to the sizes of &, ., ,providing &, .

. judgment statement for

the algorithm,which can make the flow chart of the algorithm more diverse. This idea is applied to the

classical Runge-Kutta algorithm and the fine Runge-Kutta algorithm,and the adaptive step sizes of the

classical Runge-Kutta algorithm and the fine Runge-Kutta algorithm are obtained, so that the time step

size of the algorithm is dependent on the given error limit of each step to improve the calculation

accuracy. Numerical examples demonstrate the validity of the proposed ideas.

Key words: nonlinear dynamic equation;adaptive step;precise integration; Runge-Kutta



