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Shell normals should
point outwards

Bag fabric
Inflator
\___L ]
e / + + -« >
3 o
Canister
+ _ %#II
MZ0 )
I e L - T T < Y I T P -
*Al RBAG ALE
$#1 SID Sl DTYPE NONE NONE NONE NONE MAD SPSF
123 1 0 0 0 0 0.0 0.0
$#2 ATMOST ATMOSP NONE GC cc TNKVOL TNKFP
298.15 1.0132E-4 0 8. 314 0.0 0.0 0.0
$#3  NQUAD CTYPE PFAC FRI C FRCM N NORMTYPE | LEAK PLEAK
4 4 -1000 0.0 0.3 0 2 0.1
$#4 VSETID | VSETTYP I BLOCK VENTCOEF
1 2 0 1.00
$#5NXI DAl R NYI DGAS Nz MOVERN ZOOM
50000 50003 0 0 0
$#6 SWII MVE NONE HG NAI R NGAS NORI F LCVEL LCT
1000. 00 0. 000 l.e-4 1 1 8 2002 2001
$#7 AR NONE NONE MMI R INIT™M Al RA Al RB Al RC
0 0 0 0.02897 1.00 29.100 0.00000 0.00000
$#8 GASLCM NONE NONE MAGAS NONE GASA GASB GASC
2003 0 0 0. 0235 0 28.000 0.00000 0.00000
$#9 NODEI D VECTI D ORI FAREA
100019 1 13. 500000
100020 2 13.500000
100021 3 13. 500000
100022 4 13.500000
100023 5 13. 500000
100024 6 13. 500000
100017 7 13.500000
100018 8 13. 500000
$ PFAC CURVE = penalty factor curve.
* DEFI NE_CURVE
$ lcid sidr sfa sfo offa of fo dattyp
1000 0 0.0 2.0 0.0 0.0
$ al ol
0.0 0. 00000000
1. 0000000 4.013000e- 04

%#0$ C2B" 2>D
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*SET_SEGVENT_TI TLE
vent segnents (defined in |IVSETID)
1 0.0 0.0 0.0 0.0
1735 1736 661 1697 0.0 0.0 0.0 0.0
1735 2337 1993 1736 0.0 0.0 0.0 0.0
1735 1969 1988 2337 0.0 0.0 0.0 0.0
1735 1697 656 1969 0.0 0.0 0.0 0.0
* DEFI NE_VECTOR
$# vid xt yt zt xh yh zh
1 0.0 0. 0- 16. 250000 21.213200 21.213200-16. 250000
2 0.0 0. 0- 16. 250000 30. 000000- 1. 000e- 06- 16. 250000
3 0.0 0. 0- 16. 250000 21.213200-21.213200-16. 250000
4 0.0 0. 0- 16. 250000- 1. 000e- 06- 30. 000000- 16. 250000
5 0.0 0. 0- 16. 250000- 21. 213200- 21. 213200- 16. 250000
6 0.0 0. 0- 16. 250000- 30. 0000001. 0000e- 06- 16. 250000
7 0.0 0. 0- 16. 250000- 21. 213200 21.213200- 16. 250000
8 0.0 0. 0- 16. 2500001. 0000e- 06 30. 000000- 16. 250000
R P~ S [ T [T SR IR - TP IR < SR Y S . 8
B & 88 97 - & B3"$$S (& & B3
"$S$% & (  -45K]$ & & & ( 2 &
-8 ((
M/, 0 1
R NN IR~ S [ JR [ SRR [N - T PN M Y S .8
$ SIDTYP: 0=SGSID; 1=PSID
*Al RBAG ALE
$#1 SID Sl DTYPE NONE NONE NONE NONE MAD SPSF
1 1 0 0. 0. 0. 0. 0.
$#2 ATMOST ATMOSP NONE GC cc TNKVOL TNKFP
298. 101325. 0.0 8.314 1. 6. 0E-5 0
$#3 NQUAD CTYPE PFAC FRI C FRCM N NORMTYPE | LEAK PLEAK
2 6 -321 0.0 0.3 1 2 0.1
$#4 VSETID | VSETTYP I BLOCK VENTCOEF
0 0 0 0
$#5NXI DAl R NYI DGAS Nz MOVERN ZOoM
11 11 9
$5b x0 yO0 z0 x1 yl z1 NOT-USED NOT- USED
-0.3 -0.3 -0.135 0.3 -0.3 -0.135
$5¢ X2 y2 z2 x3 y3 z3 NOT-USED NOT-USED
-0.3 0.3 -0. 135 -0.3 -0.3 0. 39
$#6 SWII MVE NONE HG NAI R NGAS NORI F LCVEL LCT
0. 04000 0. 005 l.e-4 2 1 1 0 2
$#7 AR NONE NONE MMI R INIT™M Al RA Al RB Al RC
0.028 0. 80 27.296  0.00523
0.032 0. 20 25.723 0.01298
$#8 GASLCM NONE NONE MAGAS NONE GASA GASB GASC
1 0. 0249 29.680 0.00880
$#9 NCDEI D VECTI D ORI FAREA
9272 1 1.00e-4
$ Lagrangi an shell structure to be coupled to the inflator gas
*SET_PART_LI ST
1 0.0 0.0 0.0 0.0
1 2 3
* DEFI NE_VECTOR
$0. 100000E+01, 10. 000000000
$ vid xt yt zt xh yh zh
1 0.0 0.0 0.0 0.0 0.0 0.100000
$ bag penetration ~ 1 mm <====> P_coup ~ 500000 pascal ==> ~ 5 atm
* DEFI NE_CURVE
$ lcid si dr sfa sfo of fa of f dattyp
321 0 0.0 0.0 0.0 0.0
$ al ol
0.0 0.0
0. 00100000 5. 0000000e+05
N P~ S IR J I SR RS - TP IR < ST Y S . 8
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$ XC YC ZC EXPLI M
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* ALE_ REFERENCE_SYSTEM CURVE
$ CURVESI D
11
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* PART

inflator gas

$ PI D SECI D M D ECSI D HG D GRAV ADPOPT ™™ D
1 1 1 0 0 0 0 0

* PART

air inside the tank

$ PI D SECI D M D ECSI D HG D GRAV ADPOPT ™™ D
2 2 2 0 0 0 0 0

* SECTI ON_SOLI D

$ SECI D ELFORM AET
2 11 0

*ALE MULTI - MATERI AL_GROUP

$ SID S| DTYPE
1 1
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*SECTI ON_PQO NT_SOURCE
$ SECI D LA DI LCDVOLR LCI DVEL <= 3 curves in tenpvolrvel.k file
1 2 4 5
$ NCDEID VECTI D AREA
24485 3 15. 066
24557 3 15. 066
*ALE TANK_TEST
$ MDOTLC TANKV PAVB PFI NAL MACHL VELMAX AORI F
1 6. OE7 1.0E-4 ©5.288E-4 1.0 0.0
$ AMAE DG AMG DA NUMPNT
1 2 80
O - T O < T I A P -

# I#1 (2 =D
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( 49 ( ( -t & B8 B3 &(¢
(( ( % ¢ (
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M (
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MZ,0 1
& ( 9 iog ) - - 9 (
M ( 3- Mooe & ¢( (9 N2B" 2>0J4 "B3083
Sl L2 B4 5. Bl T8
* ALE_UP_SW TCH
$ UPID SWtine
100000 2. 0000
$FSI_ID1 FSI ID2 FSI_ ID3 FSI ID4 FSI_ID5 FSI _ID6 FSI_ID7 FS _ID8
1 2
$ _______________________________________________________________________________
*Al RBAG HYBRI D | D
$ I D
100000
$ SID S| DTYP RBI D VSCA PSCA VI NI MAD SPSF
2 1 0 1.0 1.0 0.0 0.0 0.0
$ 2 ATMI ATMP ATND GC CcC
293. 1.0130e-4 1.200E-9 8.3143 1.
$ Cc23 LCC23 A23 LCA23 CP23 LCP23 AP23 LCAP23
$ OoPT PVENT NGAS
4
$bac LCI DM LCl DT NOTUSED MV INl T™M A B C
1001 1002 0. 0288691 1.0 28. 98
$ FMASS
$air LCI DM LClI DT NOTUSED MV INl T™M A B C
1600 1603 28.97E-3 0.0 26.38 8.178e-3 -1.612e-6
$ FMASS
$pyroLCl DM LClI DT NOTUSED MV INl T™M A B C
1601 1603 43. 45E- 3 0.0 32.87 2.127e-2 -5.193E-6
$ FMASS
$sto_LCI DM LClI DT NOTUSED MV INl T™M A B C
1602 1603 39. 49E-3 0.0 22.41 2.865e-3 -6.995e-7
$ FMASS
S ]l 2B A .5 6T .8
1% (2 =D %
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*ALE_UP_SW TCH
$ UPID SWtine
$ 100000  2.0000
0  2.0000
$FSI ID1 FSI ID2 FSI_ID3 FSI ID4 FSI_ID5 FSI_ID6 FSI _ID7 FSI_ID8
1 2
$ SETID SETYPE MGAR MG GAS
2 1 2 1
S o2 B A B B T .8
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$
$ Aset of nodes is given a prescribed translational velocity in the
$ x-direction according to a specified vel -tine curve (which is scal ed).

$
*BONDARY_PRESCR BED MOTI ON SET

$

$..>...L...> . 02.0..>...3....> 04> .6 > 6> 7> 8
$ nsid dof vad lcid sf vid deat h

s 4 1 0 8 2.0

$ nsid = 4 nodal set 1D nunber, requires a *SET_NZE option

$ dof =1 notion is in x-translation

$ vad = 0 notion prescribed is velocity

$ lcid =8 velocity follows | oad curve 8, requires a *DCEHF N ORE
$ sf =2.0 velocity specified by load curve is scaled by 2.0

$ vid not used in this exanpl e

$ death use default (essentially no death tine for the notion)
$

¥ &

$
$ Arigidbody is given a prescribed rotational displacenent about the
i z-axis according to a specified displacenent-tine curve.
;BOJ\DN?Y_PFESO?J BED MOTAONR@D
$..>...L...>...2...>...8....>...4....>...5....>...6....> ... 7....>....8
$ pid dof vad lcid sf vid deat h
84 7 2 9 14.0
$
$ pid =84 apply notion to part nunber 84
$ dof =7 rotation is prescribed about the z-axis
$ vad = 2 the prescribed notion is displacenent (angul ar)
$ lcid=9 rotation follows load curve 9, requires a *DEH NE_ QRVE
$ (rotation shoul d be in radians)
$ sf use default (sf = 1.0)
$ vid not used in this exanpl e
i death = 14 prescribed notion is renoved at 14 ns (assunming tine is in ns)

\
$
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i Make boundary encl osure radi ati on groups 8 and 9.
* BOUNDARY_RADI ATI ON_SET_VF_READ
* SSI D TYPE RAD GRP FILE NO
15 2 9 10
1.0 1.0
* BOUNDARY_RADI ATI ON_SET_VF_READ
* SSI D TYPE RAD GRP FILE_NO
12 2 9 10
1.0 1.0
* BOUNDARY_RADI ATI ON_SET_VF_READ
* SSI D TYPE RAD GRP FILE_NO
13 2 8 21
1.0 1.0

= & N & ( & L& & (9 &
& & A T ¢ 0% = & ( -/
& & ( % &8 &% I ¢ 0
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$ nid cid dof x dof y dof z dof rx dofry dofrz
6 0 1 1 1 1 1 1

542 0 0 1 0 1 0 1

$

$ Node 6 is fixed in all six degrees of freedom(no notion all owed).

$

$ Node 542 has a symnmetry condition constraint in the x-z pl ane,

$ no notion allowed for y translation, and x & z rotation.

$
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$ Define case 101 whi ch incl udes subcase 1.
$ Define case 102 V\hl ch |ncl udes subcase 4,
NN

101 J@B D FAR CASE101

MEVORY=20M
1

$
*CASE
$ CHD

102
MEMORY=20M NCYQLE=1845
4
$

*TITLE C D=1

THS IS THE T TLE FAR CASE 101
$

NTITLE Cl D=4
'I'I-ISIS'I'I—E'I'I'I'LEFCRCASE102

*DATABAQE Bl NARY_CBTHOT
l.e-5

*CASE BEA N 3
*DATABAQE NCDOUT
l.e-5
*CASE HND 5
*DATABASE B AJT
1l.e-5
*CASE H\D 3

= 9 3%J3 (538 33]" (5 38 (= 8
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=S")7 # &

BK= I (- & & & 9 ( ( #
$ $$ ( & +
( -9 & & - ( &9
I 13

ML M4 MK B (- 9 (1¢( &

>L >4 >K > 9 (1 & (
(_

\
$
$ AS50th percentile nale dunmy with the 1D nunber of 7 is generated in the
$ Ibf*sec”2-inch-sec systemof units. The dummy is given aninitial velocity of
$ 616 in/sec inthe negative x direction and gravity acts in the negative z
$ direction with a val ue 386 i n/ sec"2.
$
* QOMPONENT_GEBD MALE
$
$..>...L...>...2...>...3...> 4 .5 6> 060> 700> 0.8
$ did units si ze
7 1 50

$ VX vy vz ox gz

-616 0 0 0 0 - 386
$
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<N

%

(! % ! " 0
M 9 85A 85A 85A%
+ + +
3 - $ $ $
6 & %
85A 8 ( ¢& &C ;-F (C D 0 ( (
A & -& 9 & -9 8 & - (
858 ( N - 5=50>= 30 §

$
$ The danpi ng coefficients applied to all three degrees of freedomof the |eft
$ shoulder of dummy 7 are set to 2.5. Al other characteristics of this joint
$ remain set to the default val ue.
$
* COMPONENT_GEBCD JOI NT_LEFT_SHOULDER
$
$..>...L...>. .. 2...>...3....>...04....>...5....>...6....> .. 7....>....8
$ did lcl I c2 | c3 scfl scf 2 scf3

7 0 0 0 0 0 0
$ cl c2 c3 neut 1 neut 2 neut 3

2.5 2.5 2.5 0 0 0

$ losal hi sal | osa2 hi sa2 | osa3 hi sa3

0 0 0 0 0 0
$ unk1 unk2 unk3

0 0 0
$

NN NN NN NN NN NN NN NN NN NN NN NN NN NN

$
$ Load curve 8 gives the torque versus rotation relationship for the 2nd DCF
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$ (lateral flexion) of the waist of dummy 7. A so, the high stop angle of the
$ 1st DOF (forward flexion) is set to 45 degrees. Al other characteristics
$ of thisjoint remain set to the default val ue

$

*QOMPONENT_GEBD JO NT_WAI ST

$
$..>...L...>...2....>...3....>...4....>...5...>...6....>...7....>....8
$ did lcl | c2 [c3 scf1l scf 2 scf3
7 0 8 0 0 0 0
$ cl c2 c3 neut 1 neut 2 neut 3
0 0 0 0 0 0
$ | osal hi sal | osa2 hi sa2 | osa3 hi sa3
0 45 0 0 0 0
$ unk1 unk?2 unk3
0 0 0
$
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6 & %

=S /) ( 9 9( M T7TF (&7

ML M4 MK B (- 9 (1( &

( % ! 0 /
M 9 JL J4a JK "L "4 "K

+ + + + + +
3 - $ $ $ $ $ $
6 & %
JL J4 JK B 9 @ ( - & J#
"L"4"K B (- 9 - Ji# & 9
(1 &c( &b

\
$
$ AS0th percentile adult rigid HYBRD Il dummy with an I D nunber of 7 is defined
$ in the | bf*sec”2-inch-sec systemof units. The dummy is assigned an initial
$ velocity of 616 in/sec in the negative x direction. The Hpoint is initially
$ situated at (x,y,z)=(38,20,0) and the dummy i s rotated 18 degrees about the
i gl obal x-axis.
*QOMPONENT_HYBR DO 1
$
$..>...L...> 0 2.0..>...8....> 004 > .6 > 6> 7> 8
$ did . size units defrm VX vy vz
7 2 1 1 -616. 0 0.

$ hx hy hz rx ry rz

38 20 0. 18 0 0
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\
$
$ The danpi ng coefficients applied to all three degrees of freedomof the left
$ ankle of dumy 7 are set to 2.5. Al other characteristics of this joint
$ remain set tothe default value. The dorsi-plantar flexion angle is set to
$ 20 degrees.
$
*QOMPONENT HYBR DO 11 _JO NT_LEFT _ANKLE
$
$..>...L...>...2...>...3...> 40> 6> 060> 0 700> 8
$ did ql g2 g3 fric
7 0 20. 0 0 0

$ cl al ol bl o1 ahi 1 bhi 1 gl ol ghi 1

2.5 0 0 0 0 0 0
$ c2 al 02 bl 02 ahi 2 bhi 2 gl 02 ghi 2

2.5 0 0 0 0 0
$ 2.5 al 03 bl 03 ahi 3 bhi 3 gl o3 ghi 3
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B3 9 & ( %9 -
- 0 2 & 7( ( & & B3CB3& -(9 -
(( (-& 7 ( N3=+B85=0 " 3852 =0P Q 2 (
& & 9 ( ¢ 6 - " 18( 6
- & 9 :**-( 6 , (¢ - (. ;< ( && 96 (
& + % -0- ( ( V (-(C o =
& 03 F ( Y ( 70 V N & - (
- 0 V 70> & ( & & 9¢(
& 7 & (& (& ( ¢ - ( - 03 v
( o2 v
2 -8 7 (& & (9 2 B3 / & & ( 0
& ( & & B3 ( ( 9 7 (
N3=+85=0 "3852 =0 4 =._ & (3 + ( (9 B3B*

* CONSTRAI NED_COORDI NATE

$ I D | DPT I DR X y z cD
1 18 2 -555.128 86. 6 1072. 29 9
2 18 3 -555.128 86. 6 1072. 29 9
3 18 3 -580.334 -62.15 1068. 32 9
4 18 1 568. 881 81. 2945 1033. 72 9
5 18 2 568. 881 81. 2945 1033. 72 9
6 18 3 568. 881 81. 2945 1033. 74 9
* DEFI NE_COORDI NATE_SYSTEM
$ ClD X0 YO Z0 XL YL ZL
9 0.0 0.0 0.0 0.0 10.0 0.0
$ XP YP ZP
10.0 10.0 0.0
B & 89 - - & ( & & (+ &
( @ 9 C ( e
. -8 ( 7 (N32 2 2=0 + "
- & Y ¢ Y & -
& 9 7 (58.8 J== $$" & 9D 88 (9-(
( & & - - g 9 #3452 """ & 0 "0$ (
& e
Eo- & 9 #3452 """ & "0 8t (& &
- (9 - + >88 % - ( o 9 7V
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Force on Coord. SPC

SPC Force @ Nodes

| A z force @ T-457554

150

B z force @ T-457555 [
|C z force @ T-457556
D z force @ T-457557
| E z force @ T-457558

F z_force @ T-457559 ||
|G z force @ T-457560
H z_force @ T-457561
| | z force @ T-457562

100

) z_force @ T-457563

]
]
2
=]
b | G G G
] B B ili B B
-] B B B |
A A A A
-50
E
-100 1 F F F F
0 0.2 0.4 0.6 0.8 1
Time
+ - S Ké & $ (&
Force on Coordinate Constrained SPC
E‘ SPC Force @ Nodes
ks /\ _A Sum 5PC forces:10 nodes
100 / \
80 / \
¢ 60
b
Q L
&l
o
20
0 / A A A A
_2“ 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Time
+ - B#! K# &-
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# B31IN_2 OM2 88 . x B3% & ( 89-( B3 1

& & B3 d & & & & & B3%d
I B3 & & ( & -& #

% C & dll () 9 & d% &

89 9 ( & - (B8 & & &

B3 d ( t & B3 % d !
Sl 2 B A BB T ... 8
*ALE_MULTI - MATERI AL_GROUP
$ SID  SIDYTPE

1 1

2 1

3 1

4 1
* CONSTRAI NED_EULER | N_EULER
$  PSIDL PSI D2 PENAL

11 12 0.1
*SET_PART_LI ST

11

1 2
*SET_PART LI ST

12

3 4
Sl 2 B A BB T ... 8
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Rgidy attach all nodes in set 4 to part 17. (Part 17 MJST be a rigid body.)

In this exanpl e, four nodes froma defornabl e body are attached
torigid body 17 as a neans of joining the tw parts.

17 4

$
$
*SET NCDE LI ST
$ sid

4
$ ni d1 ni d2 ni d3 ni d4 ni d5 ni dé ni d7 ni d8

665 778 896 827

$
$
\
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GONSTRAI NED (BNERALI ZED VAL D BUTT

$
$..
$
$

*

Wi dtw plates that butt up agai nst each other at three nodal pair
| ocations. The nodal pairs are 32-33, 34-35 and 36- 37.

This requires 3 separate *CONSTRA NED GENERALI ZED VA D BUTT defi ni ti ons,
one for each nodal pair. Each weld is to have a length (L) = 10,
thickness (D =2, and a transverse length (Lt) = 1.

Failure is defined two ways:
Ductile failure if effective plastic strain exceeds 0.3
Brittle failure if the stress failure criteria exceeds 0.25
- scale the brittle failure criteria by beta = 0.9.
Note: beta > 1 weakens wel d beta < 1 strengthens wel d

B T D RTINS S SN SN SN MR NN o MU Y SUURND N |
nsi d cid
21
tfail epsf si gy bet a L D Lt
0.3 0. 250 0.9 10.0 2.0 1.0

$#
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3
* QONSTRAl NED GENERALI ZED VLD BUTT
$ nsi d cid
23
$ tfail epsf si gy bet a L D Lt
0.3 0. 250 0.9 10.0 2.0 1.0
3
*QONSTRA NED GENERALI ZED VWALD BUTT
$ nsi d cid
25
$ tfal epsf si gy bet a L D Lt
0.3 0. 250 0.9 10.0 2.0 1.0
$
$
*SET NCDE LI ST
$ sid
21
$ ni d1 ni d2
32 33
*SET_NIE LI ST
23
34 35
*SET_NCDE LI ST

-1 0& *V o) 1 & < %1,-1"1
( % ! " 0 /
M 9 +28 = + B>4 =2 . 2 J2
+ + + + + + + +
@ % ! 0 /
w1 5
M 9 5 3=2 | 5 3= 5 83
B B B
6 & Y%
+28B + - & (C -1 =L %
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+ - S

Tie a beamel enent to a solid el enent.

The node of the beamto be tied does not share a cormon node wth the solids.
If the beamnode is shared, for exanpl e, then set ddof =456.
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$
$..>...L...> ... 2...>...3....> . .04....>...6....> . .6....> 0 7....>....8
$ icid dnid ddof
1 45 123456
$ inid i dof t wght x twghty twght z rwght x rwghty rwght z
22 123
44 123
43 123
$
fo R
$

$
$ Mnent about nornal axis of node 100 is converted to an equival ent |oad by
$ applying x-force resultants to the nodes |ying al ong the right boundary

$

*DEFI NE_ QRVE
4,0,0.,0.,0.,0.,0
0.,0.
1, 10000.
*L0AD NCDE_PQ NT
100,6,1,1.0
*QONSTRAI NED | NTERPQLATI ON
$
$..>...L...>...2...>...3...>...4...>...5...>...6...>...7....>...8
$ icid dnid ddof
1 100 5
$ inid i dof t wght x twghty twght z rwght x rwghty rwght z
96 1
97 1
98 1
99 1
177 1
178 1
179 1
180 1
$
fol
$
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+ + + + + + +
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C o & e
E
$
$ Define a planar joint between two rigid bodies.
$ - Nodes 91 and 94 are on rigid body 1.
$ - Nodes 21 and 150 are on rigid body 2.
$ - Nodes 91 and 21 nust be coinci dent.
$ * These nodes define the origin of the joint plane.
$ - Nodes 94 and 150 nust be coi nci dent.
$ * To acconplish this, nmassless node 150 is artificially created at
$ the same coordinates as node 94 and then added to rigid body 2.
$ * These nodes define the nornal of the joint plane (e.g., the
$ vector fromnode 91 to 94 defines the planes’ nornal).
$
*QONSTRAI NED _JQ NT_PLANAR
$
$..>...L...>...2...>...8....>...04....>...6....> . ..6....> ... 7....>....8
$ nl n2 n3 n4 n5 n6 rps
91 21 94 150 0. 000E+00
$
$
*NIDE
$ nid X y z tc rc
150 0.00 3.00 0.00 0 0
$
*QONSTRAI NED EXTRA NOIES SET
$ pid nsi d
2 6
$*SET_NTE LI ST
$ sid
6
$ ni di1
150
$
$$$ request output for joint force data
$"$C 5 -285=3) #
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$
*DATABASE IJNTFCRC

$

dt/ cycl | cat
0. 0001

$
$
$
$
$
$
$
$
$
%
GONSTRAI NED JA NI_ RVALUTE

$
$
$
$
$
$
$
$
$

*

Geate arevolute joint between two rigid bodies. The rigid bodies nust
share a common edge to define the joint along. This edge, however, nust
not have the nodes nerged together. R gid bodies Aand Bwll rotate
relative to each other along the axis defined by the conmon edge.

Nodes 1 and 2 are on rigid body A and coi ncide with nodes 9 and 10
onrigidbody B respectively. (This defines the axis of rotation.)

The rel ative penalty stiffness on the revolute joint is to be 1.0,

b B T~ S T I N T - R A ¢ R T A >...8
nl n2 n3 n4 n5 n6 rps danp
1 9 2 10 1.0

Note: Ajoint stiffness is not mandatory for this joint to work.
However, to see howa joint stiffness can be defined for this
particular joint, see the correspondi ng exanpl e listed in:

*QONSTRAI NED JA NT_STI FFNESS (ENERALI ZED

$

# $# C
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Attributes of the joint stiffness:
- Wsed for defining a stop angl e of 30 degrees rotation

(i.e., the joint allows a positive rotation of 30 degrees and

then inparts an elastic stiffness to prevent further rotation)

Define between rigid body A (part 1) and rigid body B (part 2)

- Define a local coordinate systemal ong the revol ute axis
onrigidbody A- nodes 1, 2 and 3 (cid =5). This is used to
define the revol ute angles phi (PH, theta (T), and psi (PS).

- The elastic stiffness per unit radian for the stop angl es
are 100, 10, 10 for PH T, and PS respectively.

- Val ues not specified are not used during the sinmulation.

GONSTRAI NED JQA NT_STI FFINESS EN\ERALI ZED

dl ci dph

fm

psat

di ci dt

esps
10.0

nsaps

Define ajoint stiffness for the revolute joint described in
*QONSTRAl NED JA NT_REVALUTE

dl ci dps

fnps

psaps
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$ PID 21 = ALE inflator gas; PID 22 = air mesh surrounding the airbag
* ALE_MULTI - MATER| AL_GROUP

$ SI D | DTYPE
21 1
22 1

$ ALEMMG D = 1 <= PID 21 <== see 1st |line of the *ALE MJLTI - MATERI AL_GROUP card.
*SET_MULTI - MATERI AL_GROUP_LI ST

$ AWSID
123
$ ALEMWGE D
1
$ Lagrangian = slave = PSID 1 contains all airbag parts
* SET_PART
$ SI D DAl DA2 DA3 DA4
1 0. 0. 0. 0.
$ Pl D1 Pl D2 Pl D3 Pl D4 Pl D5 Pl D6 Pl D7 Pl D8
3 4 5 6 7 8 9 0
$ Eulerian = master = PSID 11 contains all fluid nmesh (geonetrical space to
search).
*SET_PART_LI ST
11
2
* CONSTRAI NED_LAGRANGE | N_SOLI D
$ SLAVE MASTER SSTYP MBTYP NQUAD CTYPE Dl REC MCOUP
1 11 0 0 4 4 2 -123
$ START END PFAC FRI C FRCM N NORM
0.0 0.0 -321 0.00 0.3 1
$ cQ HM N HMAX | LEAK PLEAK VLK _PLCI D
0 0 0 2 0.10
$ W should couple to only the inflator gas MCOUP = -123
$ fluid penetration ~ 1 mm <====> Pmax = 405300 pascal ~ 4 atm
* DEFI NE_CURVE
321
0. 0000 0.0
1.0e-3 405300. 0
O e O [ S S - PO N T I S I <
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$  SLAVE  MASTER SSTYP MBTYP NQUAD CTYPE DI REC MCOUP
1 11 0 0 4 4 2 -123
$  START END PEAC FRIC  FROMN NORM  NORMTYPE DANP
0.0 0.0 0.1 0. 00 0.3 0 0 0.0
$ 0 HM N HVAX | LEAK PLEAK  LCl DPOR NVENT | BLOCK
0 0 0 0 0.0 0 0 0
$4A IBOXID |PENCHK INTFORC |ALESOF  LAGMLL  PFACW THKF
$ 0 0 0 0 0 0 0
$4B AL Bl A2 B2 A3 B3
$ 0.0 0.0 0.0 0.0 0.0 0.0
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$
$ Constrain nodes 40 and 42 to nove identically in the z-direction.
$
$ Vhen the linear constraint equation is applied, it goes like this:
$
$ 0 = C40uz40 + C42uz42
$
$ = uz40 - uz42
$
$ uz40 = uz42
$
$ where,
$ C40 = 1.00 coefficient for node 40
$ C42 = -1.00 coefficient for node 42
$ uz40 = displ acenment of node 40 in z-direction
$ uz42 = di splacenment of node 42 in z-direction
$
$
*CONSTRAI NED_LI NEAR
$
$...> ... 1 > 2 > 3....>...4 > 5 > 6 >
$ i
$ id
2
$
$ nid dof coef
40 3 1.00
42 3 -1.00
$
$
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$
g Define a rigid body consisting of the nodes in nodal set 61.
$ This particul ar exanpl e was used to connect three separate defornabl e
$ parts. Physically, these parts were wel ded together. Mbdeling wi se,
$ however, this joint is quit nessy and is nost conveniently nodel ed
$ by naking a rigid body using several of the nodes in the area. Physically,
g this joint was so strong that weld failure was never of concern.
;(IJ\SI'FW NED NTAL_R G D By
$..> .l 200000804 >...5... > .6 T
$ pid cid nsid
s 45 61
$ nsid = 61 nodal set |D nuner, requires a *SET_NZIE option
2 cid not used in this exanple, output wll be in global coordi nates
$
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*SET_NCIE LI ST
$ sid
61
$ ni di ni d2 ni d3 ni d4 ni d5 ni d6 ni d7 ni d8
823 1057 1174 1931 2124 1961 2101
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&2 Connectivity of
6--6-0 Generalized-Shell Element
- Generalized-Shell Element o
. (*ELEMENT_GENERALIZED_SHELL ) g
n@ o Interpolation Node
(*CONSTRAINED_NODE_INTERPOLATION)
Interpolation Element
(*ELEMENT _INTERPOLATION_SHELL )
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$
$ onstrain all the nodes in a nodal set to nove equival ently
$ inthe z-direction.

$

$

$ =7 nodal set |ID nunber, requires a *SET_NIE option
$ dof =3 nodal notions are equivalent in z-translation
$ =3

$

at tine=10. the nodal constraint is renoved

#
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&

N
$
$ Rgidy connect parts 35 70, 71, and 72 to part 12.
$ Al parts nust be defined as rigid.
$
$ This exanple is used to nake a single rigid body out of the five parts
$ that conpose the back end of a vehicle. This was done to save cpu tine
$ and was deternined to be valid because the application was a frontal
$ inpact wth insignificant rear end defornmations. (The cpu tine saved
$ was fromnaking the parts rigid, not fromnerging them- nerging was
$ nore of a convenience in this case for post processing, for checking
$ inertial properties, and for joining the parts.)
$
*OONSTRAINED R G D B ES
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*QONSTRA NED SHELL, TO SQLI D

N
$
NN
$

Tie shell elenent, at node 329, to a solid el enent at node 203.
- nodes 329 and 203 are coi nci dent

Additionally, define a line of nodes on the solids el enents, containi ng
node 203, that nust remain in the sane direction as the fiber of the shell
contai ning node 329. In other words:

- Nodes 119, 161, 203, 245 and 287 are nodes on a solid part that
define a line on that solid part.

- This line of nodes will be constrained to renain |inear throughout
the sinul ation.

- The direction of this line wll be kept the sane as the fiber of the
of the shell containing node 329.

PR ARPAPAH

*

CONSTRA NED SHELL_TO SOLI D

ni d nsid
329 4
*SET NITE LI ST
$ sid
4
$ ni d1 ni d2 ni d3 ni d4 ni d5 ni d6 ni d7 ni d8
119 161 203 245 287
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Tensile force: [ = 70"‘ = f”mxf”(nmx)
5

O

- force: 9 ;
Shear force: f = Wf,m“fr(nnm)

max 't

f,, i S max -~ n f, )
T == AU
) [
f,(M...) Puretensile e Pure shear
Unloading ¥ Unload: )
reloading pa.lh \ - l= s,/ Jf"l /)(/ re:l:):?lu:ggpalh Nose =0,/ O‘;’ml
L - - L -
| (g ] (e
&, 1 < 1
>3 8 s
Sy " Mmax . o= S n . - £
A : _[ : - _E . nmax =G, ~ - I E . ’ nma\ =
— 5 — S
f;l(nmax) - : . fl(r]ma.\:) ! )
Nmax — S . - = n X ; 3
1- "llai = - 'nmax -~ Sn 1_ !Jlla\ e : nmax > ot
Sn 5
For pure local pull-out, monotonic loading: For pure local shear. monotonic loading:
5 )
p— n — 4
Nmax = fail M max S fail
[ S
n t
"
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