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~ INGRID BY EXAMPLE
A PICTORIAL TUTORIAL:

‘,The following examples of INGRID input files and results are

from various sources including Doug Stillman. In many cases, they

are the same as in the examples section of the INGRID manual by
Doug Stillman. | have made some modest improvements so that they
are all complete input files to be run with the latest version of
INGRID. These files have been attached to the front end of the

INGRID souice code as comments.

| wish to invite all INGRID user's to submit any favorite input
files to be included in this tutorial. Such an input file should not be
too large, andfthe_object being generated should have a natural

appeal to INGRID‘ users. Feel free to make suggestions.

This tutorial will soon replace the examples section of the
manual. The entire manual will be replaced a Section at a time. |
chose to do this section first, since it could give the most benefit in
the shortest amount of time. As soon as | make INGRID interactive,

| will then rewrite the section on standard parts.

*Worked performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory under contract number W-7405-Eng-48.
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INGRID

" Golden Gate Bridge Finite Element Model by Robert Rainsberger
Reference: The Golden Gate Bridge Final Report by R. Strauss
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wmple cube from a standard par
n3d

tart ,

2:1 231 2

21212

nd

" nd

4

t with one element




. |
Siggle cube from a standard part with sections delefed
n . I

start 1 6 11 16 2131 6 11 16 21:1 6 11 16 213
1248161 24816124816

di 120 4531204512040

end end ‘

Wi o W 0 W W, wossn

e e e \
0T o i i e e N

AN
EAN

AN AN AN AN AN
ANEA NN AN AN \\ \\ AN

AN

45

\\\\\T\\“\\\ OO
I L 27
%@,//,i,l,l///’ N\
\‘:\:\:0 s‘ ‘ 7
* \Q\\\\\?\‘\ ./ /////////%/%
| \@\ //////// VA A

7,
\\§, Y/ 777 7 7 7
L Ll L7 -.:. VA L VA
,II,III;/I'III.. /7 7 i .
77777 2L 7 L. L 4 // // //j/

YA A I A 4
e el
=7




‘ 8
simple example of a solid cyl.inder
dn3d ' |
start |
L4 1374 110
1 20 360 1 14 |
cyli-
end
end
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12

simple circular pléTe
dn3d




nicely zoned circular plate-solution #1
an3d |

start

' 37 9;1 3 7 9:5-1;
-.5-.5.5.5-.5-.6.5.50
d1 108220

dl!1 3062480

d3104Y2 0

d 3304420
alli4yyo3.1l

end

end

nicely zoned circular. plate-solution #2
dn3d S
start

allpoyyyp3l
end
end

nicely zoned circular plate-soluftion #3
dn3d
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| o 15
quarter circular plate-solution #1
¢n3d | ‘

start

quarfer circular plate-solution #2 |

dn3d \
start
i1 3
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circular plate with outer liner

dn3d

~mat 1 1. e 1.1 pr 1.2

head
mater ial example # |
mat 2 10

g 1.3 sigy 1.4 enh |
es 3.3 3.4 3.5

eps 4.3 4.4 4.5

p 5.3 5.4 5.5

head

mater 1al example # 2
encmat |
start




, S o7
- circular plate with hole - solution # 1
-dn3d -

start 1 3 1 21 s+ -1 &
1 1.5 0 360 0 ‘
cyli

end end

circular plate with hole - solufion # 2 -
dn3d | | |
start 1 3911 13911 -1
-1r'-111-1-11120

Cdi 12834512034 -1

T O 0w

11
2 2
2 2
nd en




hollow shell cylinder - solution # 1
dn3d
start-1;1 19;1 5;
1.5036002
cyli
end end

hollow shell cylinder - solution # 2
- dn3d

start -1 -5;-1-5;15;

-11-1102

all022031.5
end end

hollow shell cylinder - solution # 3

dn3d | ‘

start -1 -5;-1-5;1°5;
-11-1102 _
sf110220cy00000115
end end

18




cylinder with stiffeners 19
dn3d

start | -331 19:-1 -5;

1.2 1.5 0 360 @ 2

cyli :

end end




]

20

plate with hole in .if
dn3d

start 1 5 11 1551 O
- -1 1 =1 -1 11

di 120341 203 Ys-1:

a - 10440 33

d- 20 330 *

mhb 2 2 @ 3 20 12 .75 .75
a > 20330 3.5

erz end '

MmN " ! " I oo ' nwi oo TS BT
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+ square nlate with hole
dn3d
9
1
3
3




right triangle
dn3d
start

]
]
g
.o .
)

Ut

22




‘square

Adn3d

Zo 2
di | 2

- d 22

a2 2
end en

plate with hole
1 59 13:15 9 13;-1;
20 -2 -2220
D 341 20 3 Yi-1;

0 3380
2 3303 1.1
d .

23
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35 7 9

-2.9

35 7 9l

5 -2.5
.50 2.5 2.5

solid sphere

RO -

n
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* start -1 b -8 :
111111111111111
3i-1 ;
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27
solid cylinder with spherical end - radius - 5.0
dn3d = | : |
S start 1 3579351 35791679
- -2.5 -2.5 0 2.5 2.5

-2.5 -2.5 0 2.5 2.5
-5 0 2.5 2.5 ‘
di 120 4Y5:1 2045
di 1 204 55 :3 4
di +1 2 0 Y4 5:3 4 o
sfi -1 -53-1 -5:1 2:cy 0000010
sfi =1 -5i-1 -5:2 -4:isp 0 B 0 5 -
d1 200300
end end
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cylinder with spherical cap 39radwu5‘= 0.0
dn3d

start -1 5 -8:-1 5 -951 5 -9;

- -181-101-301

sfi -1 -3:-1 -3:i1'2icy 2000015

sfi -1 -33-1 =332 -3:sp 0 0 0 5

d1 00200 |

end end

/
_— /////




TTTTTT

17911113
-2.5 2.5 -2.5 0 2.5 2.5 2.5
-2.5 -2.5 -2.5 0 2.5 2.5 2.5
-7.5 0 2.5 2.5 2.5
de 1 305 7:1 30 5 7:
d: 1 3057 :+3 5

1 3005 753 5;

.osfy -2 -63-2 -6:1 25cy OO OO
sfi -1 -7:-1 -7:+1 2:icy 00 00O 0O 1 5.5
@@@@@@@@




thick cylindrical shell
dn3d

start 1 356 7 91 35 7
1 811

-1 =18 11 -

WA spherical cap—r1=3.@.ro=5.@

o " Vo X1 AN [ TR .




ens end

. icy 00 0
3icy O 0 0

2012
2101



cylidrical shell with hole ang transition region
dn3d |
start -1 -7i-1 =7:1°4 10 13
-11-11-3-223
‘ di -1 -2:2 33

o sfi -1 -2:-1 -2 scy D0 Q0001 2
end |
start 1 7 13 195-1 -2:1 7 13 19

| -1 -111-11-2-2272
dir 1 20 3 4s-1 -2:1 2 0 3 4;
sfy, s-1 -2 scy 00001 2
d2 02303
sfi -2 -3y -2 -3:cy 000010 .75
end end |
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34

spheretdai shell formed from a sheet

dn3d |

start 1 4 10 13:1 4 10 13:i-13
-5 -555-5-6600

pb 220 3302z5

di 1 20 3 4:1 2 0 3 4

sfF 01001 sp0BBBO
end end
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‘ylider with cylindrical cut out

in3d

start -1 5 -95-1 5 -G:1 5 9 13
202 -202 -6 -226
12023803 |

sfF1 -1 -31-1 -3; icy 200001 2
. -2 33 -2 -Bicy 2000102
and end

i




| 37
solid cylindrical bar with cylidrical cut out

. In3d
start 1 57 9 1331 57 98 13:1 5 9 133
-1 -1@211-1-12011-6-226
dr 1 204551 20455
d302 50 3
sfi -1 -51-1 =55 icy 20O OO 1 2

sfi -3 5; 1-2 -3icy 2000 102
end end




K-}

spherical with a hole

-1 37 -9:y1 -6
120 2

1 -2 sp 0@ 0 3
sf, -2 -3:1-2

cpl 00100
end end

-9;

- -2 -1
csfi -1 Y-l -Hi
-3

|

icy 20 00011
I+ 51y 4 ‘




4220340
pb P4 B OY D xy @5
sfi «2 -3:-2 Y4: icy 0

sfi -1 433 4y icy 30001 1.5

llllllllllllllllllllll

®®®®®®®®®®®®®®®®®®®®®
110130 + 1 3
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circular flange wi ole
n . .
start 1 5 9 13;1 3 7 9:1 Y43
-1 -1 1 1.10 10 12 12 B 2
d220330 | ‘
sf, -2 -3;-2 -3: icy 01120011
sfF 21 201 0cy 2000018 \
sfF P4YQ0O4YOBcy 00201 13
sf 1001 00pl3rtB00BcCcy 1 11060t 0 10 |
sSF4POYDOpIRrtBOBCy 1 7000t 0 210
cp! 100100 4 r3 -
end en ' o

4 a =
a
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Lo [ S r—

dn3dlcd130111020
parameter 12 22 rl [%r2/sqrt(2)] delta 10

fel decoy by Gregg Mannell ‘ 42 v ~ \

mat 1 1 shell endmat {

start-1-40 -41;-1-21;-1 -21;
-10095.4 100-100 100 -100 100
mate 1 thic .0088d200300
sfi-1-3;-1-2;-1-2;sp000 100
sf200300cy00010030end
start-1;1 4 24 27;1 4 24 27, s
95.4 [-%r1] [-%rl] %orl %orl [- %rl] [-%rl] %rl %rl » 1-

‘ I~
di:12034;12034; i

 sfis-1i-1-4:cy 00010030 ‘

l 5122123 cy0 %delta 0100 [%r2+%delta]

! sf132133cy0[-%delta] 0100 [%r2+%delta)

AN
f sf122132cy00%dc11a100[%r2+%dclta]
sf 123133cy00 [-%delta) 1 00 [%r2+%delta) eV 7 il
isﬂll4l4sp000100 ' ‘ y ‘
prOOOOOOllOOOOcnd ‘ ) ‘
;cnd ‘
YOS
= L %EE;‘E‘;,“
s _:;:ﬁ'é = =
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‘ 44
WO pipes ‘nfersecting at 45 degrees
dn3d : |
sd 1 cy 2000012

sd2cy @001 172

start. -1 -10:-1 -1@0:1 7 16 22
-2 2 -2 2 -6-226
d022023 o

mb @ 220232z72

o

sfi -1 -2:-1 -2% isd 1

sf 0 2202 3 sd?

end

start -1 -10:1 15:-1 -10;
-22 212 -2 ¢

rP 020020 rx 4o

o 1001 0z2
sfi -1 -23 i-1 -23 sd 2
sf 210010 sd]l

end end

Y e
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N N A A i i g N
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L e
N W W WA WAV e )
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AR oTTEs S SO e i
=y
RS 1b‘u-.~s.é§a\ ===t
NN
NN
IR
NN



45

three pipes intersecting

dn3d . '

sdlcy 000012

sd2cy 000D .866 .52

sd 3 cy 00 @B .866 -.5 2 ‘
-1 -11:1 6 11 16 214

start -1 -11:
-2 2 -2 2 -6 -20 26
do 22024
pb 8 2 3 0 2 3 y 0
sf 1 221 2 3sd3+ 1 1 sd3
sf 12222 2 sd 3
sf 1231 24sd2+ +1sd?
sf 1 242 24 sd?
sfi -1 -2:-1 -2v +sd |
end
start -1 -11:1 21:-1 B -11
-2 22 10 -2 B 2.
re B0 00 0 B rx 30
pb 21201 2y0
sf 1 1012 sd3 E
sf 1 201 3 sd 1
SFO0D0 00 sd 2 ”in’
sf 1201 2pland 0 000! N
coor 1 rxy:
: L)
AR NI
W)
IR
W
L
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tube within a block

dn3d

//
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spherical bubble in block with ratio zoning

dn3d

jarameter p1 10 p2 51s 1.4
term 1 prti 100 plti .01 itss 1.0e-4
lcd 12011000001
mat11e¢3.2pr17ro2.1
mat21e3.2prl7ro2.1
endmat
eos11c00cl1c22¢33
eos21c00c11c22c33
endeos

sd1sp0002

sd2sp00015
plane200000-1.01 symm

“ 000-100.01 symm

start

1 [14%p1] [1+%p1+%p2);
1{14%p1] [1+%p1+%p2);
1[14%p1] [1+%p1+%p2];
044044044
d022033

d202303
‘d220330
d000222
res2113221 %rs

165 121232 %rs

res 112223k %rs
mate 1
pr11322311000
sf112222sd1
sf121222sd1
sf211222sd1

lct 1;ryz;lrep O 1

end

end
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exploded view of a diaphram made of shell elements
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channel
nk3d
mat 1 1
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tiger cask by Gus Aramayo
,dn3d87
. cdelta - offset fur interor cylinder surface of part 1
crad - radlus of interlor cylinder surface
¢ th - gap between cylinder container and other parts
c sth - shell thickness of cylinder
c bth - box thickness
parameter delta 2 rad {%delta+6] th 125 sth 25 bth 1;
si 1 sv; ¢ top of box and top of foam
si 2 sv; ¢ bottom of box and bottom of foam
si 3 sv; ¢ left of box and foam
si 4 sv; ¢ right of box and foam
si'5 sv; ¢ front of box and foam
si 6 sv; c back of box and foam
si 7 sv; ¢ between two halves of box
si 8 sv; ¢ between two halves of foam
si 9 sv; ¢ front cap and front foam
si 10 sv; ¢ back cap and back foam
si 11 sv; c between cylinder and foam
si 12 sv; ¢ front cap and contents
si 13 sv; ¢ back cap and contents
si 14 sv; ¢ between cylinder and contents
sd1cy 0000018
sd 2 sp 0 0 {14+ %th) [8-%th]
sd 3 sp 0 0 [86-%th) [8-%th)
sd4cy00000 1(8-%th]
sd5sp00148
sd6cy00000 1 [8+%th]
mat 1 3 shell ¢ container
mat 2 3 c contents
mat 3 3 ¢ wood
mat 4 3 endmat ¢ foam
velocity 0 0 [sqrt(386.4*360)]
plane 1 00 100 00 1,001 ston
start -1 -7;-1-7,1 45;-8 8 -8 8 6 94 c cylinder
sil- -1 -2;-1 2511 m 0 0 50 sii+ -1 -24-1 -2::14 m 00 50
thic %sth mate 1 sfi -1 -2;-1 -2;;5d 1 end
start 1511 15,1511 15;-1;-8 -8 8 8 -8 -8 8 8 0 ¢ cylinder cap
sf220320cy 0 %delta000 1 %rad
sf230330cyO0[-%deltal] 000 1 %rad
-8f220230cy %delta0000 1 %rad
sf320330cy (-%delta] 0000 1 %rad
mate 1 thic %sthdi 12034;12034;,
~sf100100sd1sf400400sd1
sf010010sd1sf040040sd1sf000000sd5
5i-00000010m0050si+00000013m 00 50end
start 1511151 511 15;-1;-8 -8 8 8 -8 -8 8 8 0 ¢ cylinder cap
sf220320cy 0 %deltaQ00 1 %rad
s$f230330cy0(-%dclta] 0001 %rad
sf220230cy %delta0000 1 %rad
sf320330cy [-%delta) 0000 1 %rad
mate 1thic%sth di12034;12034;,
sf100100sd1sf400400sd1
sf010010sd1sf040040sd1sf000000sd5
5i-0000009mO0050si+00000012m 0050
ct 1;rxy mz 100;1rep 1;end
sart 1369111369 11;1 351517 19; ¢ material in cylinder
-8-8088-8-808810.510.5 [14+%th] [86-%th) 89.5 89.5




b

di120451204513046,d1241204512056 52 A
di12045:24;12085 6;mate 2 sl -1 -5-1 -5i3 4;14 5 / ‘%{g_

81226446 125 si -1-5i-1 514 512 5 /:?‘\ 2
92214411355l -1-511-523;13 5 : / ,,.‘;s;-\w'\ﬁ\\

sfl -1 -5i1-5i3 4i5d 4 sfi -1 -5;-1 -5,1 3;sd 2 8fi -1 -5;-1 -5:4 G;sd /;.u .0,.12;\‘.;‘\
§f2214415d2sf2264465d3pb222425y.3 Vs, i.'O:‘o’o\‘k\"k
pb242445y3pb222245x%x-3pb422445x3end /i’.’"ﬂ.’\w‘&\

start 15 6;1 2 13 14;1 2 40 41; ¢ upper half of box (( .100‘%:0‘0.’.. .s& ;\

09 [9+%bth] [-12-%bth] -12 12 [124+%bth] (-%bth] 0 100 [100+%bth] \‘%“000"00,0“‘;\
mae3d1222335w004004 1 RN
§1222233 1msi1222233msl1322334m RN R
§11232335msi1222326msi1001007mend N ‘0,0“’0.0.00&% X
start 15 6;1 2 13 14;12 40 41; ¢ lower half of box ‘ \\‘k\"“q’”’\ N
09 [9+%bth] (-12-%bth] -12 12 [12+%bth) [-%bth] 0 100 [100+%bth] N 0,0}000'0.0;;;\ _
§12222332ms11222293msi1322334m RSOOAR
§i1232335msi1222326msi1001007s OO

d122233sw004004 1 mate 3 Ict liryzilrep 1;end
start 145;1289;131315,099-12-1212 12 0694 100 ¢ upper foam
di23;12 13;,d122233mate 4

230x8pb120220y-8pb130230y8
23,sd6sf222233sd6s13003001s
103ssi0400404ssi0040045s
016ssi1001008msi12323395
3210851222233 11ssii12;-2-3:23;11send
89,131315099-12-1212 120694 100 ¢ lowwer foam
4;13;d122233mate 4
8pb120220y-8pb130230y8
6

001002ssi0100103s
0045810010016
2339551122232 10s



- moebius strip ‘
start 1 11;12;1181;-11-05.0500
edit <
cyli
y=y+k
cart
X=x+4
yeyli -
x=k*2
end
end
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ron carr's sample problem

nk 3d

o
1]
T

©
~ 7 .- wn
QN [QN] o -
b o - o =M
s 5p) OWwmm 6@) W N~ o8] =
o [N —
. SR = T T T DT i T T OO o " —
[e8} n nnnauon . N uonmn QLW
N O — o (SN (@2 ) —_
~ - (SSECSETS s plies o s plies R SN SN s on
yp] W = xR — w . X e
N o ~ - = ) O — 1 0 . « O o D]
R~ m o C . SO NS® CO >~ i D
= < . w + i®) : LooYm o LOm 0 m (SN e
. X SN T i NTa® : O (oS S C
= + ! W oW (SN Qm [EpNe)] (SN (SN (SRS IS
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cumore machine model

dn3d

para ri 0.45 r2 1.0 r3 1.25 rY4 1.875

para z! -2 22 @ z3 1.5 z4 6.25 25 7.75 26 10.0 27 11.0 z8 25.7
Dara xl1 0 x2 -1.326 x3 -2.0625 x4 -4.48125 x5 -6.9 x6 ~17 26
nara vl B y2 1.326 y3 2. 6875 y4y 6.875

start 2. 3:2 10:2 3 5 6

Ar3 A4 0 360 1z2 1z3 1zM 175

mate | cvli. end

start 2 3 4:2 3 -Y4;-2 -3; ‘

AX1 IxZ ix3 Lyl iy2 ly3 7723 724

X
ac 2 1 1 22230007ty 0 0 1
ac 1 21 2223000774001
gl 1t 2272
mate ¢ thick 0.25 end |
start 2 4 -5 -bi-2 3 4 -5;-2 -3;
IXB x5 IxM Ix3 Lyl dy2 Iy3 Jyd 0.625 7.125
dz21 13172 |
b3 1 41 2 111111
g1 @90 2.7 3.74.7 5.75
k 30 308 1.0625 6.6875
kY0 30 723 7z4
mate 2 thick 0.25 end
start -2:2 10:v-1 2 356 -7
vl Zr3 0 360 7z J1z2 1z3 Jz4 125 126
mate 3 thick 0.5 cyl end
start @ -2:2 10:1 2 -6:
el Jr2 O 360 Zzb Zz7 1z8
pt 2 € 1 1 7Zr3
mate & thick 0.3 cyl. end
start 2 3:2 3:1 7 15:
-1 1 -1 1 Zz1 7z6 728
a1l 1 v'2 233 7/r]
mate 1 end end
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simple sprocket
coor 1
rt 20 0 0@ r 21
start ‘
1 2 3451 3 5:
-1.2 -0.6 .0 .6
d®z2 04 30

2 0rt 20 1
3

nNo

3
]
3
| @
5 0
z 0

Y
0
0

0 C
0 C
0 C
0 p
Y D 0 0D cy
srz 30:r
irz 100
150:rz
210:rz
2701z
330:rz

11 12

0
0
U
0
0
r

' ccor 3b:r irz 10irz
Posrz BBirz 70sirz 80irz
L srz 120irz 130:rz 140;
iz lB@:rz‘]S@:rz 200
irz 240irz 250z 260:
:rz 300:rz 310:rz 320:
frep 1 2 34567889
20 21 22 23 24 25

10

—_
——

.0

Ccy
Cy
Cy
pl3 0 00
5 pl3 0 00
cocr 3birz z 1@irz 20srz 30:r
irz 60irz 70irz 80:irz SBirz 100:
irz 120z 1380:irz 14@s5rz 150:rz
irz 1803rz 190irz 200:rz 210:irz
irz 240:rz 250:irz 260@:rz 27051z
irz 300:rz 310:irz 320:rz 330irz
frep 1 3579 11 13 15 17 19 21
Irepe l:end end

COSE® Nw

SRR SYYe) )
Ses o
SISIS e
e o
——s

]
Y
b
ot cy
t Cy

IREESS RS RS RS RON|

N i

1 85.0 @ r
26 27 28 29 30 3]

.0
.0
1

Z HY0:irz 5@
rz 110

160:rz 170

220irz 230

280:rz 290

340:rz 350;

13 14 15 16 17 18 19
32 33 34 35 3b6:

.8

100.0 @ rt B O 1
1 80.0 B rt @ 0 1

z Y0:irz 50

rz 110
160:rz
220:r 2
280:irz
340:r z
23 25

0

170
230
290
350:
27 29 31

33 35’1:f




-rr

-hreaded bolt 89
dn3d

start 1 431 5 9 13 17 21 2531 3
.25 .45 00 00000 0O .2
T 020020 rz 60;
rr @300 30rz 120
240040 rz 180;
rr 5005 0 rz 240;
rr 06006 0 rz 300;
re 870070 rz 360;
sf 1 D01 00cy 000B B 1 .25
end , | \
start 1 731 7:+1 3 10;
-1 1 -110 .2 1.5 ‘ ‘
sfi.-1 -2:-1 -2::cy D @ B OB 1 .25
end '

start 1 2 3:1 501:1 2 3;

.25 .2775 .3 B90B0 .2 .225 .25

§202303

pa 2 0 1 z .2125

pa 3 01 z .225

pa 2 B 2 x .27

pa 2 0 3 xz .275 .2375
pa 3 B 2 xz .275 .2375
ma 0 20 z 1.25 |
Cy |

end end
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‘wood screw by Robert Rainsberger
sd1sp0002sd2plan001001

start15132125;151113152125;159;

«7-70.7.7-5-5-30.3.5.50.5.5

di12045;17;23;di15;12067;23;

d232453di1204

sfi -1-5;26;12;sd1s

sfi24;2305 6;-3;5d

sf002002sd2sf001001plan000001

sfi 24;-2-6;2 3;5d 2sfi -2-4;23056;2 3;5d 2

sf030030plan0-30010

sf050050plan0.30010

edit

2=-75'2-.2

end

start 12;137;13;0.90 360 - 20cy|i

edit

fir1122372

z=-.1+.2%(j-1)/36

fir1132373

z=.4*(j-1)/36

end

start 1 2 3;1 1081 123;0.91.30108000.2 .4

- d202303cyli

edit

z=z+(j-1)".4/36

fir311310811

z=2+.09

fir312310812

z=2-.09

cyli

fir111310813

phr 0-99999 6 6 99999 50

x=x*(1-.15*(z-6))

phr 0-99999 9 6 99999 50

" Z2=(z-9)*(1-(z-9)/8)+9

end

. end

5:12067;12;
fi 2 451 -7;1 2;5d 1
1
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f

ax|symmeTr ¢ mirror problem ©7
tole .01 exch 3 1 2
start 2 6 78 9 10 11 12 13 143
o6 79 10 11 13 14 16 17;1 213
-4,.872 -2.947 -2.637 -2.48 -2.32 -2.2
2.0 -1.8 -.183 @ 9.125 10.625 10.935
11.535 11. 875 12.514 13.285 13.5
14.55 14.75 B 360
1 21310 2d341 56572
591710 2d9 91l 10 10 2
771 882d81110872
4y o1 -2.48 -2.48 -2.48 -2.48
g -2.137 -2.137 -1.975 -1,975
3090 1 -2.637 -2.637 -2.637 -2.637
P -2.32 -2.32 -2.32 -2.32
c 2203203 -2.947 18.835 0 .31 0 0 1
c 320 3303 -2.947 10.935 0 .31 00 1
;8001 -1.8 -1.425 -1.368 -1.197
1,112 -.952 -.755 -.7 -.7 -.17
;7.0 0 1 -1.983 -1.608 -1.55 -1, 38
Z1.295 -1.135 -.938 -.938 -1.03 -1.03
;6001 -2.2 227073 -2.047 -1.96
21.916 -1.66Y4 -1.565 -1.565 -1.285 -1.280
;5001 -2,32 2. 3? -2.32 -2.32
2,32 -1.975 -1.975 -1.975 -1.63 -1.63
ac 4 71 572 3 -2. 395 12.785 0 .5 0 0 1
ac 5615723 -2.39512.785 0 .5 0 0 1
pt 6 9 0 12 -1.285 14.630
pt 79 0 12 -1.030 14.650 cyl end
start 2 8 9 10:2 3:1 213
°5.832 -2.637 -2.48 -2.32 11.535 11.6 0 360
b11 1121 100000 cyl: end end
— .
< = ~f~”5§§§§§:::;\ > \\\\
” e |
7 — " ~ \
/ / — ‘ _— \\
/ \ !
N X A 70
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| dn3d
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sprin
start
15
1 331
154 .
1.8 2.2 @ 1320 -.2 .2
cyli ' o
sfi -1 -2 3123 -1-2:1ts@0O000B0B120.2
Ledit . :
fir 11157965
'z =z + 4.05
fir 1 80 1 5 88 5
z =z + Y4.0b625
fir 1 81 1 581 5
z =z + 4,075
fir 1 82 1 5 248 5 Z
oz = Z + 0.085+
fir 1 250 1 5 250 5
z =z + 12.475
fir 1 251 1 5 251 6
Z z + 12.4875
fir 1 252 1 5 331 5
Z z + 12.5 ‘
end
end

i

4
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wine glass
dn3d
¢start19153541 49;1 9 15 35 41 49;-1;
-1-1-1111-1-1-11110
di13046;13046;;
sfi-1-6;-1-6;;cy 00000113
sfi-2-5;-2-5;,cy 000001 1.03
~ sfi-3-4;-34;,cy 00000 1.7
edit
cyli
phr 1.00001 -600 -1 1.300001 600 1000
=2-sqrt(4-16*(x-1)**2)
end
start -1;1 81;1 40;1. 30360 44 cyli
edit
cyli

x=x+(.2*(k-1)/39+. 15)*sm(((k 1)/39)*405)+. 1*(k /39

end

start 1 4;1 4;130;-.1.1-.1.10-2
sfi-1-2;-1-2;12;,cy000001.1
edit

cyli

fir111445

x=x*(1+.2*(6-k))
fir11264430
x=x*(14+.2*(k-25))

end

start 1 6 1621;1 6 16 21;-1;
-6-6.6.6-.6-6.6.6-2
di12034,12034;;
sfi-1-4;-1-4;;,cy000001 1.2
sfi -2 -3;-2 3,,cy000001 .6
end end

- .
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mode! of rear hub
dn3d

\\“\\

plan 1 600100 0.001 symm “\\\\\\s\\\\\: S
Sd2cy 000001 3.23 m ll\\\\\\‘\\‘i\\@\“**‘\\\‘\‘,,,
sd 5 Cy 0 3.5000 1 86349 \\\\i\\‘t"‘\'\“\\\\\:\\\\‘.}\'@'ﬁb‘f'/’
sd 6 cy -1.153.6 0 0 8 1 0.562 \\\@\\:u\\%}}\\\\“\
sd8cy 00000 1 2.375 N e@\\\\\\ gg;?‘}
sd 9 ts 00 5.8 001 1.590 2.0 7 &%ﬁ@\@r
sd 10 s @ 0 5.81 881 1.2 0 3.14 \ \\\\\\\\
sd 11 ts @ 8 5.81 8 @1 2.15 0@ 1.44 z -@,.M
coor 1 ryz s lev 1 repe B 1 ; pslv 1 >
start ,

12347811 12 3 1393 123456 7

2.59 3.096 3.257 3.8873 4.34 5.053 6.0867 6.625

90.0 94.5 108.8 5.81 6.44 7.25 7.94% 8.9 10.0

pb 622724y 96.0 |
d501802d1014083dlo4Y206
d205306d404Y80B6d612724

sfi <6 -7 : 1 -2 3 243 cy 85508001 .507

sfr 1 -4 % 3 1 -3 sd 11 |

pa 4 0 6 x 3.5383 pa 40 3 x 3.4

ve B 1 2622+ 11 + k2+ i -1

ve 6 2 2 7 2 2 + k2

ve 1 23103 +k 1+ 1+ 12+ 1 4%+ k-2 + -3

ve 205205+ 1+ 0 1+ k1 + i -1

coor 1@ rz @ 3 rz 36 3 rz 72 3 rz 108 5 rz 144 3

ryz rz 36 i ryz rz 72 ¢+ ryz rz 188 i ryz rz 144 ¢ ryz rz 180
lrep 1 2 3456 782910 :

cyli end

start ‘

1 2356+ 14711+ 14569

2.375 2.865 3.2265 3.7734 4.1348
9¢.0 96.75 103.5 112.5 0. 2.75 3.444 3.949 5.8l

d1 0 1203d104305d3114272

ma S 24y +2.5ma 534y +1.0

sf S 1 152Y4Ysd5sf521533sd6sfs53156H43sd?e
sfi -3 -4 3 1 -2: 123 cy 0.03.50.00010.2735

sf 1 @ 3104 sd8

sf+ 1 -3 5 3 -4 5% sd9

sf 53 3545 sd 10

sf 50 550 5 sd 10 | \

cpl 3845085 1cpl 2035031 cpl 231 54 2 1

cyl coor 8 rz @ i rz 45 i rz 90 5 rz 135 ¢+ |

ryz rz 45 3 ryz rz 90 i ryz rz 135+ ryzrz 180

lrep 1 2 3456 78 |

ve 311321 +k 1+ i1+ k-l

ve 32 1421 + k1

ve 501501 + i -3+ k1l+ -1+ k]

end pplv €nd

g o ' ' v et e B ! L L ! " ll‘wﬂr\ﬂy"ﬁ;sﬂ, Tﬂ IP’M[WWUWHHW.\‘ seromin i "HW‘\‘”’ e ey '
DAL Ot
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partial(ly excavated tunnel and nalahborlng fault
nk3d anal stat bwmo off nbsr 1 nbel 1 nibsr 10 msrf 16
dctol 001 ectol .01 Iprt 1000 Iplt 1 nstep 100 term .001

c 81 » minimum 2 coerdinate : slice 1 3
c 82 = z coordinate for beginning of tuntiel plug : sliice 2 1 1

c 33 = z coordinate for beginning of tunnel : s{ice 3 A il

c s4 = 2 coordinate for tunnal opening : slice 4 ;

c K2 = maximum node number of region bpehind tunnel o ; ‘
¢ k3 s node number at slice 3 { ST Val dd

¢ k4 = node number at slice 4 ‘ ‘ ‘ / ST

¢ k6 = node number at slice 4 for outer reglon GA 3 e s e a7 A A L0
c rk1 = ratio zoning In k direction In unexcavated region VWA A0 B LA A

¢ rk2 = ratio zoning In k dlrection |In excavated reglon’ VAV SO BB

c

para K2 2 k3.2 k4 3 k5 3 52 1 s3 2 s4 3 rkl1 .8 rk2 1.25;
para kK2 11 k3 16 k4 26 k5 14 s2 50 s3 60 s4 65 rk1 .8 rk2 1.26;
mat 1 § mat 2 6 endmat - .
'sd 1 cy 01,5000 11.5sd2cyO0O000016.6 sd33plan3 00100

sd 4 plan '1.06 2,56 0 1 0 0 s{ 1 tled:sl 2 sv;
start 1 9:1 7 15 30;1 %k3 %k4 ;1.5 3 0 1.6 2.566 6 %s2 %s3 154
res O 00000 { 1.3 res 130240 ) 1.2
res 0 0 1 00 2 k %rk1 res 0 0 2 0 0 3 Kk %rk2
sf 120 1 30sd1sftf 140240sd2sf2002200sd3
st 130140 sd4st110120plan 1.500 100
mate 1 b 1 00 10 0 111000
s 0010011 s s 2002002ssi 140240 1s end
start 1 16;1 201 %k3 %k4 :3 6.5 45 152,33 %s2 %s3 %s4

|

mate 1 cy

i
res 0O 0 00O 0O 1.2 res 0 o 1002 K %kl res 0 02 00 3 Kk %rk2

i
sf 120 220plan -1.5 1. 500 10 sf 1102 10 sd4
sf 1 10120 sd 1sf 21 0 2 20 sd 2
sf 2 10220 1ssi 00 1 0 011 s end
start 1 16;1 7:1 %K3 %k4 5 =1.8 0 1.5 %s2 %s3 %s4 )
fes O 0 0 O O O | 83333333 res O 0 100 2 k %rk1 res 0 0 2 0 0 3 k %Xrk2
st 120220 pltan -1.5 1,500 10 sf2 102220 pilan -1.6 1.50 100
st 1102 10plan 0000 1T0sf1T 10120 sd22
mate 1 b1 00 1 0 0 111000
s 1101201 ssi 001001 1s end
start 1 5 8;1 7 12 19 22;1 %k3 %Xk4 ;3 4.7 4.7 O 1.5 2,56 4.5 4.5 %s2 %s3 %s4
d2 4038507 res 001002k %rkl res 00 2 0 O 3 k %rk2
pb 230230y 2.7pb 3 40340y5.8
pb 250250y 5.8 pb240240 xy 3.84.1
st 15028650sd2sf310340sd2sf10071005sd3
st 0100 10 ptan 0 000 10 mate ' b1 0 0 1 0 0 111000
s 001001 1ssl 1T001002msi16502501ssi 3103401 s end
start 1 6 16 20;1 7 15 19:1 %k3 :
-1.5 -1.1 1,1 1.5 0 1.5 2,156626 3 %s2 %s3 ‘
mate 1 di 12 03 4;3 4;; b0 10010 111000 res 0O 0O 1 00 2 k %xrki1
pb 1 3 0 1 3 0 xy ~.820B65 2.76546 pb 2 4 O 2 4 0O xy -.B20865 2,75546
pb 2 3 02 30 xy -.77 2.44 pb 3 3 0 3 3 0 xy .89 2.29625
res 1102304 1.25 res 3104301 .8res 230340 ) .8
sf 2 30330cy01.50001 1.1
sf 3403 40 sdd4 st 430430 sd4
sfl -1 -4:2 3::;5d 1 sf 2 4 03 40 sd 1
st 00100111 s end
start 1 6 11;1 6 11;1 %k2 %k5 :-560 -6.5 0 50 6.5 O 0 %s2 %s4
mate 2 d 222333 b030O03O0 111000
pb 2 102 10 x =20 pb 12 0 12 0 vy 20
sf 2 22233 sd2sft222323sd2sf3 00300 s5d3
sl 3123232s'si3113322s .
s{ 22 23321 msi 2223231 msi2222331Tmend
start 1 9 11;1 6 11;1 %k2 %5 ;50 6.5 3 60 6.5 0 O %s2 %s4
mate 2 d 222333 b030O030 111000
pb 2 102 10 x 13 pb 120120y 20
st 222233 sd2sf222323sd2sf300300 sd33
sl 3123232msi 3113322m
si 2223321 msi 222323 1msi2222331mend
end ¢ use stp .001 to merge parts .
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INGRID/DYNA3D/TAURUS ROTATING PIPE EXAMPLE

This simple test problem contains 1 part. It has a
constant pressure load on the inside of the pipe pointing
outwards. It is rotating. The following is the input to
INGRID. The ingtido file from INGRID is used as the
input to DYNAS3D.

rotating pipe |

dn3d term 2.5e-03 plti 1.25e-05 prti 2.5e-03
mat 13 e 7.1e+10 pr .333 sigy 2.86e+08
etan 3.56e+09 beta 0 ro 2680 endmat
lcd1206.69e+07 1000 6.69e+07

start 1 2;1 73;1 11; \

.02413 .02667 0 360 0 .02413

cyli mate 1
rotation 0 0 0 0 0 4000
epb111111;

pr10010011100 180 .013
end end ¢ use stp .00000001
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The following Is the interactive input to TAURUS after
this program has initialized. The period is the prompt
from TAURUS.

.angle 1

Ix 30

State 1 v
.phs2
.elements 11
.gather
.etime 811
etimc 111
etime 211
.end |
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rotating pipe

time

\\\\\\\\\\\,,
[T

////////// \/
SOOI, /N
///ﬂ///// N \;
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rotating pipe
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~ INGRID/DYNA3D/TAURUS IMPACTING BAR EXAMPLE
The problem is calculated with 1/4 of thie model using

2 planes of symmetry. A third plane of symmetry is used
to simmulate the bar impacting it's reflection.

Note that the quarter bar is generated where 2 logically
distinct faces of the mesh are placed in the same location.
When INGRID is in the interactive mode, use the command

stp .001 continue

to connect these two faces and write the input file for
DYNA3D.

1wy " [ "W o T A TR T T



bar impact problem
dn3d - ‘
velocity @ O -.08227
mate 1 _

mat 1 3 e 1.17 pr .35 sigy
beta 1 ro 8.93 endmat

term 80.0

84

.0PY etan .0010

plti 1. prt: B1. '
plane 3 0 0 0 0 -1 @0 .001 symm
: - B0 B-100 .001 symm
0 00B 01 .001 symm ‘
start 1 4 7 10 13:1 4 7 18 1331 37 :
-.16 -. 160 .16 .16 -.16 -.16 B .16 .16 0 3.24
d®10030d100 300 ‘ ‘
dr 1 284 5:;1 20 4 63
sfi -1 -5:-1 -5:iicy 0 00 O 0B 1 .32
end end f
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The following is the interactive input to TAURUS after
TAURUS was initialized with the plot files from the DYNA3D

~ run. The period is the prompt from TAURUS for more input.

~.angle 1
X -45
.ry -45
.movie080160 v
restore
.ry 90
xscale 3 yscale 3 zscale 3
xtrans 1
Jytrans -.3
.movie 0 80 16 0 contour 7
.end
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croblem
.C0900e~00

1mpact problem

Timg

1,50000e+0!
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bar «mpact problem
time ¢+ |,00008e+01

bar impact problem
time + 2.00000e+01
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bar impact problem 0 : .r/' B ) bar mpacfprob!em
time + 2.50008e+@1 - . . . /’: time - 3.00000e+!

P
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N ity
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Dar impact proble~ ' bar mpact probliem
: Y,00008ec.01

time + 3.50023e-2! time ¢

' PRI Co . " ' iy -~ o . nomr ' nop



88 .
|
¢ty wnalt it oam \ bar mpact problem
N EPEY AR , Cotime ¢« 5.00000e01
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Ta°  vpaltl preIher bar impact problem
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bar \mDacf problem
time « 6.500080¢+8!

bar impact proplem
time «  7.58800e-0)
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bar impact probiem
{ime + 7,00000e+8!

par impact problem
1img + B,000080e81
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tar ®tqt Dranles bar mpac! problem

(BT PR B coptour valyes time 100800011 cuplout yaiuts
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par «»cact problem par impact problem

1.me v 1,500002+81 confour vatues time - 2.00080Qe8! ) coaiour ),('“uﬂs
contcurs of eff. prastic strain . g: %%ggg} contours of eff, plastic sirain B ‘3:%‘2:%{
mine 2, noelement 972 Ce g.?,"le-ﬂ LYLEN N in element 972 ' [ b.'l':'ve-il%
wox: |, 46le.@8 in elemen? | De 5.78e-9 max+ |.868e+00 in clement D+ 7.4de-8
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bar (mpact probiem
time < 2,50000e.01
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bar 1mpact problem
time ¢ 1,00000e.01

time ¢

mine

conlo*r gnl L] tun'ogr éolges
contours of eff, plastic stramn f ‘:?.g:E contours of ¥ff, plast.c strain e AT
wine B, in element 977 E‘ é"ie~ CILE in element 97? . %._Tc-ﬂ
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bar omlat! probiem
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INGRID/DYNA3D/TAURUS EARTH PENETRATOR EXAMPLE

This problem is calculated with 1/4 of the mode! using
2 planes of symmetry. The hollow projectile consists of
4 paris of steel for the casing and 1 part for the fuze
and accesotries. The target consists of 2 parts of concrete.
All parts are generated by dragging or rotating MAZE parts
from a 2 dimensional model.

Three slide surfaces are used. The first slide surface
ties the fuze and accesories part to the steel casing. The
third slide surface ties the 2 concrete parts together. This
was needed due to the change in zoning. The second slide
surface allows for the projectile to penetrate the concrete
at the center of the target. The projectile is given an
initial velocity of 20784 units towards the target along
the axis of symmetry.

The input to INGRID is shown in the following. A picture
of the resulting mesh is also included. This was done on
the CRAY with the execute line

ingrid izerthpntr

where erthpntr was the command file for INGRID. When prompted
by

>
the commands
stp .002 cont

were typed to complete the input to INGRID. For the VAX, the
execute line was

run ingrid
and when prompted, then
izerthpntr

was typed. The rest was the same.
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The INGRID output file ingrido was then used as the input
file to DYNA3D. When DYNA3D was completed, it produced a

d3plot file. This was used by TAURUS. On the CRAY, the execute
line was |

taurus g=d3plot

and after the initialization was complete, TAURUS prompted

with a period for interactive graphics commands. This complete
session is included in the following.



- “ e R

97

3d | ’ |
‘dupl:cafe.of SX1symmetric mode|
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3d duplicate of axisymmetric model
in3d | ‘
g1l Ip2 .20 .2 56.8
ld 2 1p 2 0 0 .705425 0
id 3 Ip Y 2.725 56.8 2.725 46.6622 2.475 32.8622 2. Q75 I4.9425
tar 717546 7.31183 -17.4445S .
lar @ 7.118885 -1. q2@7 199
Id 4 Ip 2 0 14.9425 3.475 14.8425
ld 5 Ip. 2 3.475 56.8 3.475 14.9425
lap .705425 @ -38.225 14.9425 '
fd 7 Ilpil 1 3 lve -30 5
fd 9 Ivc 0 3.00 -30 Y.

Id 12 Ip 2 B 49.53 3.475 49.53

ild 14 Ip 2 0@ 56.8 3.475 56.8

Id 25 tp 2 .705 @ 198 0

ld 27 Ip 2 .705 -72 198 -72

ld 22 Ip 2 .705 B .7805 -336.75

td 24 Ip 2 11 @ 11 -336.75

Id 28 Ip 2 S0 @ 90 -336.75

si 1 tiedis: 2 svisy 3 Tieds

plane 2 0 6 8 0 1 @ .001 symm @ @ 0 1 0 0 .08 symm

term 1.5le-3 prty .1 plt 100.e-6
mat 1 3 head

steel case - bdac

ro 7.202e-4

e 3.e7 '

pr .3 ‘

sigy 194.e3 \ ‘ _ -
etan 1.0e5 ' .
mat 2 3 head T i
fuze and accesores

ro 2.065e-4 .

e 3.e7 pr .3 sigy 174.e3 etan 0

mat 3 5 head |

concrete

ro 2.1692e-4

g .7/88eb

ku .0600e7

al .352e7

al 8570

a2 o

pc O

npts 6

vs 8 .020 .0377 .0418 .8513 .1

D@ 21000 34800 45000 58000 125000

€ndmat




‘9%AMI

part 25911272

drag rota 5 0 0 0 0 0 1 906

si 2112222 m

velo B0 B -2078Y4.

end '

part 956 7.1 12 3 |

drag rota 5 2 0 0 0 0 | S0

si 21 12 22 2 m

velo 0 B -20784.

end ‘

part 754 3125

drag rota 5 0 0 0 @ B 1 906

st 211 222 72nm

velo 0

end
part Y

- drag r

s 21
s 11
velo 0

end

part 12 3 14 1 2 2 3

drag rota 5 0 0 0 0 0 1 90

s 2112221 m

velo 0 0 -2078Y.

end
‘part 22 27 24 25 3 102 4

drag rota S 0 0 0 0 0 1 30; ' 3

si 11 12212s , [
s\ 1122223s ' R
end A

part 28 25 24 27 3 34 -12 2.0

drag rcta S0 0 0 @ @ 1 908:; .f
st 11 22 22 3m

end

end

¢ use the command stp .001
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The following is the interactive input to TAURUS after
this program has initialized. The perlod is the prompt
from TAURUS.

.angle 1
- .state 16
.y 75 rx 30
.movie 0.0015150 v
.m3
.y -15
.center
.ytrans -10
.xscale 3 yscale 3 zscale 3 v
.contour 8
.contour 19
.phSZ
.matls 11
.gather
mtime 6 1 1
.end
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mode |
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' o
3d dUH‘ cate of axtsymme!rlc mode |
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del
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mode |
ficaie of axigymsmetric
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3d duplicate of axisymmetric model
time - 1.20000e-03
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3d duplicate of axisymmetric model
time - 1.30000e-083
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- 3d duplicate of axisymmetric model
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INGRID/NIKESD/TAURUS PIPE WHIP EXAMPLE

The problem is calculated with 1/2 of the model using
1 plane of symmetry. Half of a pipe is modeled to impact
a second pipe. Both pipes are modeled in INGRID with thin
shells which are four node shell elements in NIKE3D. Both
pipes are deformed. NIKE3D is stopped before the pipes
- spring back and come to rest.

When INGRID is in the interactive mode, use the command
stp .0001 continue

to connect the two edges of the second pipe and write the input
for NIKE3D.

TR N o
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aipe whip by r. ferencz
nk3d anal dyn a

pwmo of f

Aapsr 1 nbei 1 nibsr 18 msrf 15
dcto! .001 ectol .0 »
prt 99 (plt 1 nstep 200 term 10e-3
mat 1 3 shell ro 7.298e-4 e 3.0e+7

ipr .3‘S|Q>’ 1.@e+5 etan 1.®e+5

mat 2 3 shell ro 7.298e-H4

e 3.0e+7 pr .3 sSiQy 1.0e+5

etan 1.0e+5 endmaft

plan 1 0 0601 00 L0011 symm

coor 2 rt @00t 1 @0 spl 9p -16
rt 0@ 25T D0 260t 01 25

tart -1:1 8 15:1 10 24 33
.3125 90 180 270 © 18 32 50
yli thic .432
1 11 1 14 100011
1 31 1 34 100011
1 21121 111000
s - 12213311000

repe l:end

start -1:1 29:1 7 153
3.3125 @ 360 0 7 25

cyli thic .432
111122200 12.5

203003111111
201001 100011
- 1111221008025
mate 2 repe 2:end end
|

n i(teractive phase

! T O A

[ T A I
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The following is the interactive input to TAURUS after
TAURUS was initialized with the piot files f~om the NIKE3D
- run. The period is the prompt from TAURUL ror more input.

.angle 20

ry -50

.rx 20 :

.xscale 4 yscale 4 zscale 4
Jytrans 7

xtrans -2 |
.movie0.01150v

.end
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le-83

ra, fercy 23 gust 16
Je-63

a, fercz 23 gust 16
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vt

pipe v ra, fercz 23 guat 16
‘ Be-0)

17

bipe

pipe re, fercz 23 gust 16
. de-83

W\

e, ferce 23 gust 6
le-83

pipe v ew, fercr 23 guat 1b

Qe -02
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