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Table 3 Parameters of the seven body mechanism
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Table 5 The result comparison of the seven body mechanism

Model Seven body mechanism
Integrator Generalized o Explicit BDF
steps 3148 946 568
Time(s) 2.81 1.56 0.48
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Table 6 Comparison of simulation efficiency of various inte-

grators for the crank slider mechanism

Integrator Generalized a BDF-I3 BDF-12
Steps 494 436 444
Time(s) 2.38 291 3.17
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IMPLEMENTATION DETAILS OF DAE INTEGRATORS FOR
MULTIBODY SYSTEM DYNAMICS *

Ren Hui'

Zhou Ping

(School of Astronautics, Harbin Institute of Technology, Heilongjiang 150001, China)

Abstract

The governing equations of multibody system (MBS) dynamics are differential algebraic equations (DAEs),

and those equations must be solved by DAE integrators. In this work, the details of two families of DAE integrators, the

backward difference formula (BDF) family and the generalized a method family, were amply described and discussed.

At least two formulations were provided in the description of each family of integrators; the numerical schemes of each

formulation for index-3, index-2 and index-1 DAEs were depicted in details; and the accuracy, efficiency, and robust-

ness of all those integrators are discussed. Adaptive step-size techniques were implemented in all the integrators, based

on error estimations, and adaptive order technique is implemented in the BDF integrators. The index-3 integrators were

usually more efficient than the other schemes, but the calculated accelerations and Lagrange multipliers in those index-3

integrators endure spike phenomena, while the corresponding results in index-2 and index-1 schemes were usually

smooth. Critical computational procedures, such as the initial condition analysis and reutilizations of Jacobian matrices,

were discussed. Moreover, for BDF integrators, an error filtering method was introduced to improve the error estimations
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for velocity variables in the index-3 integrators, and several stabilization techniques were introduced to solve the issues
caused by high order (= 3 ) BDF schemes, which were not absolutely stable. Furthermore, explicit DAE integrators
were briefly introduced, which do not require iterations and might be significant in some specific applications. Two
benchmark examples were calculated using those integrators, and the pros and cons of each integrator were depicted and
discussed. Typical integrator algorithms were provided in details in the appendix, which can be directly adopted to prac-

tical problems.

Key words differential algebraic equation, integrator, backward difference formula, generalized a method,

explicit DAE integrator
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c) B L 285G IR (32) SR i AR i (27, 2")'s

d) QAR 2 AR, AT AN FE SRR I, - F U RO

e) W B g g’ +BRx. ¢ @l tyhx. G, @) tx. e, —al) +x LK

0 T
A <_A'Ezll tz;

£) AR GO I EH A, min (e

—_—
—
=1

2)h;
g) Jacobian & FH:

h,,  h,, 1. 2hp
[%77+57—u$§&EM%W¥uHh +MU&N%@mHFMS&

ELSE % & Newton 22 CAN R T v «— 1, A K NeedJac = TRUE

h) AT ARSI T, BRI 250 B < 1 230 2 7

WL APE T 1, < 1, + B s Gos FTA, L IFBEHE DGR
WS H JE

i IR AS 2D AR TP R 5 R K 18652331899

IF StepFail = TRUE ,h < h/(2E),NeedJac = TRUE;

ELSE % & StepFail «— TRUE,h < h,,, }% done «— FALSE

ii. 3R 7] (a) , 7 NG IR

6 17 FL A - H iy

IF done, JJf 455, 151k

Wiin < n+ 1M h< h,, RE44k5:015

1 3 RS PERGIN AR Y LA 2, e A BT Z

B4 MR, R TR BRI BRI ) L a J7 L T2 b BDF J7 % 8 ™4 11 Jmy i 152 22 B . S e




55 XX 1 HEHES AR RGeS 2 i IR S Sk 27

RIS o 7 R IORD 52 22 BR 107 B BE AR FLACR IS T BDF J5 i BUAH X 1R 25 B 107 A9 4528 .

Wk 4 IE N A KRN Index—3 285K A 2 BDF B34 -

A 12 R (1) WIERAG T g0 Ao, THEEBSRIDKRI [ 20, ¢, ] DA B SR iR 25 B

Bl — ZR 9 I 3E I B B R A g, <ty < - <ty = b, LLSORE R I T S AR S AR B g, g, g,
A, HR R — 2R IR 25 0 TR 25 SRR

HHESRE:

1 B VSR AERME IR, A5 A 38 B RIE g0 GoGo FT Ags

2.1 E n < 0.k« 1.done <= FALSE LAWK h < 107 x (1, — 1,);

3. W BRI QF < hqy VF < hio LAt 7, | < (R, 2h);

4. 1Ft, + h > t,,h < t, — t,, done < True;

5 W E K RIPRIC StepFail «— FALSE, S8 J5i817 LA F T8 WNEIR L EA LB R

a) FHAR(66)H 5 72 L BEmi FHA T (58) (64) F1(67) i @, e, Fl !, [RIF 1 (71) 751 A

b) NWARK(73) 15t q, . 0,0 1.q, . Flo, . BIBIERAE I SRS A (74) ((75) F1(77) i R 3E AR
A B %X B4 (78)

&) FINF 2 (n > 0) (0 + |ﬁh - 1l )RR
e I E A T v — p Zhh , LI} NeedJac < FALSE;
+ old

WAL, BEE A F v < 1A S NeedJac=TRUE;

d) S 2 AR 7 RRAL(78) A5 B R 8 A1 A, HE A FH A (76) 115 H £, I 1 5K A (80)
IR MBS &R g, TR S Mo, FESE IR & TR A SE T

e) USRS 2 3R AR ML, HEA TR ZE SR A I, O 5 AL 45

) NV e, (Ble) V2, (Ble = Vo )RV, (Bl e + Vi) R, FIBOGEABIE A R (80) 115 1
R T o, 9 2, BT, R =k Lok ke + LIS e = (W g, s 90, ) i
M (85) W by, JEBRAE b, min (hy, h-f);

g)iﬁﬁinmr+—(a'<eh*)&&<&+‘stﬁﬂJZQdmn<—-FALSE;$§k>:L4>dam+—(ek>smk*y

h) F W SR 25 S A R IR 22 AR EOR B cle < 1

AR AR 1, 1, + hg G G FIA L BEAT T — 2B A

WA ., 5% done < FALSE; B h,, < h; 3 H.

i WS A TEA D A E IR K

IF StepFail ,h < h,/2;1F decr, 75 ZERE M, BIELE < &k = 1 Jeh < h,_ /25

ELSE B'% h < hy; IF decr, 5 SR, BICE < & — 1 K h < h,_;

ii. % & StepFail <— TRUE ;3% [0 (a) , 5 3 NIEFF

DIFn =0, 8% QL M VI 3% n < n+ 1|, NERAELK HEAT—S ARG 2R 45

P FHAR(59) b T BB Q12 A V2, 3R k- 1B 8] &+ 1| B e s iR 2s , de s N — BB 8L k,,.,
A b, AN (RIABL L 22T FE LR

LBEE b, — argmax (hy, by by, ) Fh, — by FFE B b, — b

ii. IF incr &&k < 5, F—2L Al e E LB, BIHS A, < By WBEE K, — k+ 1 Kb, < hy.,

iii. IF decr, F— T BB, B0 4k, < k- 1 A, <~ h,_,, Bk36;

6 17 ELH 1P K

IF done, {jj ELA5 AT, 5 1F ;




28 g 1 % 5 o OH = il XXXX 4E45 XX 45

WHin—n+ 1k <k, Mh < h,,, IR 4T —0F R AT

YE 5 BDF 13 B 1R 2218 1E DL SR B D K B A IR Z AP AN R e85 AR PR R SR I TR
UEUE T A AT MU IR 22 B 1E s 45 GEAR [ DIFSUB F2 /7 H (1 5 1 5 Skelboe Fl1 DASSL [ 153 B e 14 F11 9
K FEAT BRI 0 13 N e PR . AR SRR 7 D 7 B, ke 2 2R R WA 1= (10% 2247) . o T it — 20
P AR 0 0 LA, AT DATR)RE DI = 5 T >R O < 058 22 B TR B0 (45 G e B AR PR I i 1Y
BEB RGBT | D BN T 0 P A R Ak 35



