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Study on Contact Analysis between Spatial Multibody System and
Many Particles using GPGPU

Chul-Woong Jun

Department of Mechanical Engineering,
The Graduate School,
Pukyong National University

Abstract

NVIDIA has been developing the GPGPU(General Purpose Graphics Processing Unit) for not

only 3D graphics and image processing, but also signal processing, physical simulation and so
on. Currently, a lot of studies carried out by using the parallel programing based GPU. A lot of
time is required for solving the EOM of large system by using multi-body dynamics. If the
parallel programing by GPU is applied to the multi-body dynamics, the analysis time can be
improved.
In this study, parallel computing for collision analysis between 3D multi-body and many particles
was carried out by using' the CUDA programming. In order to' detect collisions between
multi-body and particle, grid-cell collision detection algorithm is employed. Hertzian normal and
tangential sliding friction contact model are used to calculate the contact force.

The multi-body model consists of the.particles-and spring-damper-force elements and spherical
joints. To verify the accuracy, MSC-ADAMS is-used. To investigate the numerical efficiency for
the multi-body dynamics, the sequential program and the parallel program were developed. In
case of the multi-body dynamics, when the number of body and spring-damper is 280 and 360,
respectively, computation time of the parallel program is faster about 2.17 times then the
sequential program. In case of the DEM, when the number of particle is 10648, it shows the
better efficiency about 100times. In case of the collision analysis, when the number of particle
and spring-damper is 1280 and 360, respectively, it shows the better efficiency about 3times.

Keywords : GPU(Z# ¥ ZZ M A F4Y), Parallel computing( 2 ZAFH), MBD(HHEA] &
43}), DEM(°]4F 8 4H)
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A= EE {kzyw% AMa  AgES
A = H < A o17) /7] Mg = )
274 vy o A NO 1y | ¥ E ~dg= g
FH Mred &R NO A77/27] Y BE 1 29
Zgd dry X FH  NO 9}7]/27) HE AYE+ EAE
A v 2] 9o #  YES e17] 2E ~AYE+32AE
gz fry 93 A YES e17] 2E ~AYE+32AE
Az EE mEn > w2 ok
Wee g% A > Ay
M~ WY EFY} O > yich
38 299 7t=9 7 Wyt 2 A4S HolFa oo
1 #x~H
< FH Z2A A = WEZZE FH AAS st 7 mE v g o)t}
g X 28 170 32bit A71&, GPU 1Al & o|y¢] &£x= oa 277} 7bs3lth
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g gk gkl M ARE-ShE = Y Al AA=El ghol A
o} CPUSH GPU Z21% 2% HF Ak Elo] 4] o] o] x| X1k C Aol =
& TEIE 9 oW AARHE 2eAE & 5

£

HU
i)
g
S
Ir
[k
il
I
e}
>

z=2a T gtk AY FgelA AL
83t @-)F CUDA CoAM % #HAAHE F3] dAisiAl A 2 & AL-&35HA
HE=A aL T itk ofAlEE oo} o] HHHo=R YA Y ARES A A
Agelut B HALEE ASREAE D F
2) =4 vxrg

AY S YoM UF B 274 HTE ALESHAY, wEd WasE 2 8%
S AFESHH ZZAA "ol 9l DRAMe|| WX e|7} s En. =24 Wt A~
HZ A1829x =24 UﬂJ—lj/](Local Memory)l ‘i%_% 12] g &slA| ol EHI A
o] Aot 24 vWRI=ZE Y= A= HUad T2 A 7HA] A 5ot

D YT e dALH WEE AL
D% e 2D WS A
)

® =4 L¢i e ALESle

I

24 MR 5 ¢l 25 HEE GPU 400 Al ZeA 600 Aol 714 9] AlzE
o] 285= AFoH.

3) &4 e
CUDA Tz d Fd < stuet &+ 3= Aol &7 dxd

A -
(Shared Memory)o]lth. &6 wEd= & X Z2A 44 9+ dra 2, 16KBY
£S5 L1 A9 553 S22 AFgd 4 Ut o f dEYE Y 2E e
GPU 1 Apo]lZ oot} FHHlRelS sl Wols= A< Wy 529

WRie] . €% WS v gk

s R g gd g

_ shared__ float a[512]; // A% &%

TH vme B4 a9 gy

extern __shared__ float sdatal];

S Ul A ShAl o, 54 2 el AS-
g 2 s ) << >>> ¢kl 3 A QxR wWReE F7)|E XA FoloF g+
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4) 2249 w2

=¥ w22 (Global Memory)E 18|13 7}=of #2¥ DRAM WEZ] S 2ov
sh, Fhe Algreleh A8 4 Qe vinel g Aot vk 22w dmels
A oelel 7] witel wEe] Al £HE7E 400 Abe]Eell M 600 AtelE Ak
GPU A WiFel = dAZHY & WEgEy @o] =gu. stA CPU29
2A% MAASLE 4= CUDAS) 22 Andl 929 ke St Lo
Mrels d9shal siAg W= CUDACIA AlFste th&3 22 APISH
ot

d

il mu

A}%

rQL'

N
T

=249 vy g9 9 A
checkCudaErrors( cudaMalloc(void** devptr, size_t count ) ); // &7
checkCudaErrors( cudaFree(voidx-devptr).); // 3l A

T CPU #Ezle] HolHE =249 WEE HAE
SHAY 2718HE sjFrolok Attt HARE X7]8ke] w2 va AT

R FAL g £7]38}

checkCudaErrors( cudaMemepy(void* dst, const void* src, size_t count,
cudaMemepyKind kind) ); // EA}

checkCudaErrors( cudaMemset(void* devptr, int value, size/t count) );

/] %713}

W22 Ao A cudaMemcpyKind& FHAF WS A Qs Xo=2 O FT/HT

¥ 49F 2o,

¥. 4 cudaMemcpyKind enum 9 £/
=5 A
cudaMemcpyHostToHost PC wWEg oA PC HEHZE FA}

cudaMemcpyHostToDevice PC WEgoA =2 vEI 2 HA}
cudaMemcpyDeviceToHost 22 v 2o A] PC WEE =2 HAL
cudaMemcpyDeviceToDevice Z2H HEgoA Z2Y HWEg 2 EA}

5) < M

A= W22 (Constant Memory)s DRAMeO] & HolHE ¢}7] d&o = A}
L3t ANAE APt A vREZE AEE 5 e HY A7]= 64KBelth
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£ o1& " DRAMOIA ¢l7] wiiel 400~600AFe]E i<}

RE R Al ek s wbESte] AARE D wlel= dALE e} AR SR
AEe= SAECM dRskal, yurle]soA eint &
g

T 2}
g} gol BE sdEst B 4 Ak 45 M @

o]gj\_

g wlEey &g

__constant__ float cDatal[6]1;

float hDatal6] = { 1.0f, 2.0f, 3.0f, 4.0f, 5.0f, 6.0f };

checkCudaErrors ( cudaMemcpyToSymbol( cData, hData, sizeof(hData) );

45 WmeE A8 AW _constant_ Aol % Abgste] 44 Mme 44
ot & o] ZAE

= ok 3o}, 18] 31 cudaMemcpyToSymbol() $Hr-E A}-&-3}
S odmelR e Adks|or g,
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- 61 — @
e= {62}— usin— (3.2)

2
€3

e o= sin%gl 715 7= I AgFSHE warh 2 odd wAR

e F 47le] B sheEst gelEn 911 Amsh FA shtel BAT T
AFEE AN Aok oA wANSFE FdEE A% W8S oo gk

1
6(2) + e% - 5 6162 - 6062 6163 + 6062

1
A =2| eesteges ef + el — 5 €9€3 — €0€y (3.3)
1
ees T eqes eges + e e% + eg )

ot A5 AFSHAA= F 7 4

to
e
o
=
=
T
o
fr
Mo
offl
ok
ol
1>
ftlo
=5

T € 6 Gy €9
G: _62 63 60_61 (3-4)
_62_62 61 60
= [—e, e+ eOI]
—€1 € €3 = €
L — 62 63 60 61 (3.5)
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chEAl AzEle] A4S, 2 BAl 9 ANE n= [nyn]” 2 EAEW, AAE

Qe WM WE o= [egerenes]? 4719 FEuEE TR n0 B

TAE ANz el Qs FEE g = [ifel el S RN p=Tn, °]

1900 zo] Ealehi o@ A AxgelN P& WRAe Awd FEE Y
/L]]

o FA3F Ha I xH2 tEd gk

o

I~

| 2 EAe ppie wEMEAsE AT\ BEe 4

9q;
(3.DE Aztel sl vl 5ked ¥ F Avh I x@L ok A Aok
,(q,t)q + (B, (a:)q),a + 28,4 (a:)g + &, (gt) = 0 (3.8)

Nze] A WSl i@ FEE T4 ¥ PR FaPA 35 Foz

SR EER]

M(q)g + 9, () = Q(g,q.t) (3.9)

A7 M(g) = R?? = dubstd AFolal, Q(g.qt)= R & EWks) 3pe 2
gl gdolth. 2= Al&EY Z2F BEAY VMt gadA] a8 JYshr] ¢
A 2 (3.6)9 (3.8)F EF WSseE duksly 5 wHAAS Y 4
Euler Parameters& Ab&3dte dWrstd 5 WA v 23 2o

M*BTPT b* g*

BT 0 0 [|=X*+|0] =~y (3.10)

PT0 O o c 0

A(3.10)0M 9] 2+ vAl =2 v 2
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M 0

M= [0 . (3.11)
b
2L1Tn1'
g =1 : (3.12)
£y
2L,/ |
0
8L1TJ1 Lip,
b = : (3.13)
0
L 8LIJTJIJ /LI)Z.)II ]
B=® = 8,2, P.,P,]. A= [AsA AT (3.14)

o3 7] 4 ol A AL b A AES JLAF=
F Te BAY BaRd

& BRI g 2
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23|
FA 2RIE a8la o BWe 3 845 AMES A|2HS stiffelA W
stiffgh Al 2=glo] HAIH AEHS AMESIH HiE A4S F3 d4S & ¢ AR
Ak SUHE fgedlor stk el A o bg Aol 545
v 9AH AEHES 28 oo B AT A AH AHERS
Hilbert-Hughes-Taylor(HHT) ®*¥H&  a-methodo] 79SS glow,
H.M.Hilbert, T.J.R Hughes, Z22]3 R.L. Taylorel ¢38] #A|¢tEoj %t} a-method
T 23k AR AN e FRFoR HiEey] e R TSt 'l AFEE o
skokh, wheF f8k @4 FHto] AFPolgtd, 1 A2 vy e FEHZ P Ed
(17)(18)

Mg+ Cq+ Kqg— F(t) =0 (3.15)

of7|4 ItvlE M,C, K& 22t A=, 73, 24 -dd=2 o, a8
3 FE A7t ££5 1tk a-method® N. M. Newmarkel]l ¢&] A|¢tE Newmar

Me 7122 FiRlen AT ase 5 R got yolliofs)h A= tha A
% 2t
. h? [ ,,
1 = 4o + R A=g; +90, 15 (3.17)

a-methodel A Sh2hu] B} o} = sheFule] ol ol A A4 o et
ool o8] ARHAE Ao thew 2k

1—2a (1—a)?

5 p= 1 (3.18)

f)/:

Newmark &2oA] 21(3.16)¢} (3.17)8 WA AS o|4ksl7] fall AFg 5ozl

.

Ma, ,+ Qv,,, +Kq,., = F, 4 (3.19)
ANA a0 G & alt,0)salt, ) a(t, )0 g FAA QD FAbgkel o),

Newmark W& A% AHEHolal A-stabilitys ®B*% 3t} a-method:=

Newmark 3219 A-stabilityE HE6Fal 221 Au|E Wk 2o A 2214 o] A g
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ol

2 7] 98 mekahuA AstE oA A(3.16)% (3.17)
A Ge Aze AL thes) 2ol hAlHeiL,

Ma, , | + (1—1—()1)01)”+1 —aly, —|—(1+oz)an+1 —aKq, = F(Enﬂ) (3.20)

ANN f,., =t + A+a)h ot 7AAN~H GEAEAstY BHY L5
o

BAA2 AGI5)e Ak A 8 g(t)= AB.6)9] 71 T NS v
of gl thEA Foste A daA AL /A Flg . t)2 ALt Helxl
o aeE R 29 HHT 43 #dste] =4 st e84 a3 2
o] o]k F T}

(Mg), , + U+ a) @A = F), . | —a@\=F), =0 (3.21)

2 B.2DE 71 4 WA A ¢, oA wES8) ok Fh

7 o Ty
e (g q,\) = T F——= (M), ¥ @7A—F), . 1= Ha(@nA Ve (3.22)

€9 (Qat) = @(qn+1;tn+1) (3.23)

HHTHS A4 A dol7h el BlAadd Ahzvlel Alad wjEl2E 4
shofof gt} 2] (3.22)¢F (3.23)°l thsiAl Z2F WMol disiA ArEs Alrtshd
Uk 2ok

oe, o~ 1 B a_F L .. T B a_F 9

a—é—M— =M aéhwr 1+a(Mq)q+(d5q)\)q o Bh (3.24)

oe, LT 9 2 & _

-~ %A p =@, B0, —= =0 (3.25)

~ T . _61
[M @q H"”q} =| e (3.26)
@q 0 (9’}/ _W
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2 (3.26)914 AMEAAE ag, 002 o1 GAlol A AatEl pEEel BaEA
wTE e #Zol Fg g
GUHD = ) e (D) 3R gy (8) (3.27)

Asn oz g SANAZEA gel wskpel gt 4 HEeR WY
45H02 #98 %2 PN AGBh

GAH Are A A5G FH4 T AL AW FROE hre] A £ 9
o dSAE AW A BAGA RES olgdtel the AL BAY FES o
= 49, FRANAE 59 UE il gess A
B 33 AE ANFE 4TS I ASAE
o o] ANE F/E k. AAW o
H}X=

o
kel
ok
it}
)
B

AFSEEA] @Far 4] 3,16, 3.17°2
=215 13 PSS u, Newton— Raphson

7S HHT AEHe dyglsS Yega Q)

lo

Aol A si7k el RSl g

h " r s
Eﬁ%ﬂ’ Gn+1] = integration fm:g%

Residual = corrector

( End simulation )4—

I¥. 7 HHT 9A3 A8 dudF
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1O
A4 meoagel 4Ae AFas) s Qo) FA 9A S A
Qo] Wl ggel 914, SE, ApswEe] gaa Azel s s wekh

position{meter)

velocity(m/s)

-0.024
—=—{House Code
—— Adams View
-0.026
-0.028
-0.030
-0.032 4
4 I : T L I . I L I X T L T ' T 4 T ! 1
og 0.1 024030004 TR 068 07 085 09% 10
time(sec)
a8, 9 19 =49 x5 BF 94X
0.2 4
—=— developed program
—=— adams-view
0.14
0.0+
-0.1 4
-02 4
| T Z | "l I T . | & 1

: —
00 01 02 03 04 05 06 07 08 08 10 1.1
time(sec)

a¥. 10 19 EAY xF g &5
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acceleration (m!sz)

position({meter)

15 4

1 —=— developed program
12 + adams-view

]
w
1 N

5 4

94

T ———T
00 01 0 o’ ROBME GFWWOER &7 08, 09 10 11

time(sec)

a9, 11 19 EAYxF B VSR

—=— House Code

: Adams View

-0.03

-0.06 S

-0.09 S

-0.12 4

— T T 1 T T T 1 1 T 1 T 1T 1
0.0 04 02 03 04 05 06 07 08 09 10

time(sec)

a3, 12 49 EAY vF 9 9A
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velocity(mv/s)

acceleration(m/sz)

0.6 4
—=— developed program
adams-view
0.3 4
0.0 1
-0.3 4
-0.6 4
-0.9 4
-1.2
i T . T L T 1 T 1 T ' T 5 T i T v T ! T 1
00 O W2RB0J WA GLSFUEE 07 F08- 09 1.0
time(sec)
9. 18 49 EAY yF W &=
40
30 ~ —=—] developed program
—+— adams-view
20 4
10 4
0 -
40
-20 4
30 47— . .

T
06 07 08 09 1.0
time(sec)

T T
00 01 02 03 04 05
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position(meter)

velocity(m/s)

-0.062

[—=—{House Code
0063 4 —— Adams View
-0.064
-0.065
-0.066
0Ty T T Y A e
0.0 0.1 07 1038 =g4% W0EY 06 07,08 09
time(sec)
a3, 16 409 EAY 25 BF 94X
0.20
—=— developed program
0N —+— adams-view
0.10 4
0.05 H
0.00 4
-0.05
-0.10
o -
00 01 02 03 04 05 06 07 08 09 10
time(sec)
a%. 16 409 EAY F W £=
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8~ (—— developed program
6 _ —— adams-view
]
£ 2
=
S 0
E ] 4
3 21
3 ]
& 4
5
]
T T z T T T L T T T T v T T 1
00 01 02 03 04 05 0607 08 09 10 11
time(sec)
a3, 17 - 409 EAY & WU 7SR
9% 9~17AM g =AU nusde @ Ao Ashe A H T 5
ATt E 62 JdE A ZEOH AL ZE2 O Ao Xpole] A glo| o
3 FHFS ANE BoeE ADMAS 2= GSTIFFe HHT A%719 14 &4
b gkel Zkol7E 0.3035 1 A= HlaLstd Jhdd sjA Z=

h ARSI

S L-EXE:

I A x B | 48 A y B | 408 A z BF
position 1.2388e-005 2.5845e-005 1.2567e-005
velocity 7.1459e-004 0.0013 8.8938e-004
acceleration 0.0435 0.0914 0.0397

28



4.1.1. 4A¢ T 24
e ey

B A= CUDA ™ z2agye] a84S Ast7] fsiA HEst Ak
of BEAAE AAst7] BHuh oo @E Agste] AFE PGt PR A7
= gEAsEs ndoA Axy dyg AZ4dE OE J4L olF= JAEY A
719 s wdy . HE FHES % celld] Atol= w3 dxle] =79}
Lo ol g4z ARg S & F JEF AT 3 72 Al EH O
Ao AL 2z} RS9 Uit S4%E UEY AT

(. 7 UF AR AT AlEHCA EE-EAX
A2 EA A
HEX]| & 0.015625(m)
2 ek 0.02(kg)
azgl=-A EAA
2= S S9N T (i
A 7] [0.03125, 0.03125, 0.03125 ] T(m)
A 274 EAA
o FH e AsuA
37 (2,2, 2]F (m)
WA U F-of A

PAEL 712, NZE, Folzb-2uHE A%t F12 4o A5
EE5S gtk AR AEL 0.03125(m)7F Har A 7] E=3 ole} TS
Atk 2=e] A7) EgE FHO Av|ef ok gl g We] Zolo] F 64719
Aol flA3haL flom FH 1k el F 262,144(64x64x64)71¢] Aol EA)

mﬁ
)
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4.1.2. YA =9 /‘1%31]01*&
B o)A QRE s Al o o
Hol o% WAL thow 7).

&
o
rﬁ
[‘O
i
o

ae AHgste] FasolA

mﬂ’z :fi’%i:vi (4.1)
]ZwZ =t (4.2)

7)Aol AR i=1.. . NOZ N/ Y=L vepdch mE 4xte] A% =
=, tw BEAE UERT Folxl Al
b A diEiA dg Az A9 28 AAE ] A8 HAH] AR Yol

UAHES B4l A% AEEE velocity verlet HEW & AHEEHRTHI),

r,(t+ At) = r,(t) +v,(t) At + ——— (4.3)

(4.4)

I ) D0

w,(t+At) = w(t) + 5 (4.5)

velocity verlet " A&7 WA QX do|HE AEBs1 AP EFE AAkshd
[+ A0S i+ ADE T SEo) 75 Es AR, B AT W wa
2 Paleg) AFEE] R HEH S oetho 3 zhr} 2D

il

— gravity force
— Hertzian spring
— viscous damping

- tangential force model

a9 182 velocity-verlet A7]1E AFEgH DEM 349 daugl&& Yeda
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Update particle position

NO
Contact Detection

I3, 18 - Velocity-Verlet 7|¥F DEM 3i4] &aig]<
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neighboring-cell A& HEHL TS A 2= UrolA A9 A5 4
o] ¢] cellolgte I3 WHEY YATE o= celld EAt=AE At 181
HE2 o] 2%k celldl EAeteE YAEH FFH AFE gRIste] AR 435 #AE
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4.3, A

o

9 AN =Y

B oAM= HE5H O E normal force®t tangential friction force® 1# 3}

o,

4.3.1. Normal Force
B AFo 4= Hertzian spring® viscous dampingS A3 T Hertzian

force$} viscous damping®] &4& th&# ZrplY,

e 2= ~
[ = (gE R, ?;‘/2)7'1‘,7 (4.6)
ff] = _(% Reff hij(vi_vj) = ;'z])TA'U (4.7)

2 (4.6)914 E=E/(1-1*)°]™, EX= Young's modulus =& 1 v= Poisson’s
ratioo]th.  YARFS} HEF hgE  RHR vyl r,=r-re® 28 "o
=7"Z-j/|7"z-j|i 71(51151:‘ Eéﬂdoﬂ}ﬂ\o/] normal ‘ﬂﬂ"]‘ﬂr /’\Jl

(4.7)| A ~ 2 damping parameter©|t}.

~

Ry =RR/(R + R)eliL r

ij

s

| %4

%, 20 Normal ¥k Hertzian force Eg!
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4.3.2. Tangential Force

1=}
n
AS W gAE AlololE HE Aol pde] ~xeo] RAEThaL g gth HE
[} 2]
€]

o] o]Fo] A= Al7HECl 1
go2 AgatA #Hrt. YAk ol #-&3F= tangential forcer Ty ol %d
9D,

(

gA vk mnd vbEe tangential A YoM AW HAXIT dAEe]
(3]

>
I
o,
g
o
)
o
N
X
i)
=
I
=
=
(i
ol
o

fll?j - min{ks(ss +VS(’UZ~_’U]»> ¢ ‘;ij’us fze]—i_f;}] } ¢ gij (48)
R Av, o
Sij — |Avt| ) Avt = (Ui_vj) - ((UZ'_U]‘) ® nij)nij (4.9)

o] 714 6, tangential WEFe] 23Xy WORMN § = |Av,|xAt 2 ALET

=

T2 0 2 tangential force=YJAF il EA7F A7 A3

t;= (r; » n)xfl (4.10)

1%, 21 Tangential 3 Friction force =€l
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5.1.1. 58 9&4 593 f4 Y
#aA el gEA Boet fHe A2ES olR B 5 zeES f ga
g Qa9 ol wat u 3} Blo] 7
G PEe FASa, 3 wEE FAsY Qo] ukE R,
sgol7] wio] W} B 5 Q= 2AS BEHT. e 1Y 2% w4 T
Azl Wy Zg e A5 P9 YRS TASE wHe] HolE HoFa 9

01 : // sequential multibody dynamics programming
02 : for(bodyObj.begin(); bodyObj.end(); bodyObj+ +)

03 : get Mass = bodyObj.mass;

04 : get Iner = bodyObj.iner;

05 : set/ coefficientMatrix.massPart = Mass;
06 : set coefficientMatrix.inerPart = Iner;
07 : end for

01 : // parallel multibody dynamics programming
02 : __global. void func(bodyObj)

03 : get index = threadldx:x; // unique index

03 : get Mass =+bodyObj.mass[index];

04 : get Iner = bodyObj.iner|index;

05 : set coefficientMatrix.massPart[index]-= Mass;
06 : set coefficientMatrix.inerPart[index] = Iner;
07 @ end

a9 29 & ZRadd WYy 223 Al 3d 7Y Aol

=2k 2Rage] FugE v wEEeith 7 7 249 JRE ol AS
ds st e EEE & 5 vk ofdl el MY ZRaf dudae
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glsto] Agddol= 7 249 A APYEAETL RS AfT AT A
st7] wiel = A#mrh wbE glo] gAlel Al dde AT 4 g gE
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5.3. T& 34

5.3.1. &5 XM

AFAA A TS M3 QAEeS Aol del Zat meaRe 74
da dlel A% 9 asAe vwe e F s B¢ A4e fsns
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- Integration data
- Contact searching

E 35 - Calculation contact force
= - Transfer contact force to
Al A %I each system

- Execute predictor EH Eot 7 (L:)Fidaltefpmitio”l s

" - Calculation acceleration
- Solve system equation ol ;(l_ ~Update velocity term
- Update system state H P

- Transfer position and velocity
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01 : while(!simulation_is_done)

f,O)AE
02 : For particle, ri(t—i-At) = ri(t) —i—vi(t)At + B w—
03 : Integration both position and velocity for other system
04 : Excute contact searching and contact force functions
(f,(t) + f,(t+ At)) At
05 : For particle, v;(t+At) = v,(t) + 5

T () +t,(t+ At)) At

w;(t+At) = w;(t) +

2
06 : Excute multi-body system predictor(t, | ;)
07 : while(1)
08 : Evaluate ]\Al [_61]
—e2
09 : Excute contact searching and contact.force functions
10 : Get-multibody system force from integration force vector
11: Calculate Aé(’“) ZM‘l[_el]
(k) _62
AN
12 Set g S G®) L AL FERERD — (8 Y Ay
13 : Calculate’ integration formulas >> get g, . C.]n+1
A'('](k)
14 : if( norm( A ) < user_defined_tolerance ) break;
15 end while

16 : end while
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