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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 Stillm_n. I have made some modest improvements so that they

are ali complete input flies to be run with the latest version of

INGRID. 'These files have been attached to the front end of the

INGRID source code as comments.

I wish to invite ali INGRID user's to submit any favorite input

files to be included in this tutorial. Such an input file should not be

too large, and 'the 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. I

chose to do this section first, since it could give the most benefit in

the shortest amount of time. As soon as I make INGRID interactive,

I will then rewrite the section on standard parts.
.ii|=_

*Worked performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore _lational 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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,mple cube From a standard part w,th one e emenT
nBd
Tart
2:12:] 2:
21212

nel
:hd

\\\\\,

' \

\
\

-ii
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simple cube ?rom a 'standard part with sections deleted
dnBd

' start 1 6 11 16 2l;l 6 l l 16 21;1 6 l l 16 21;
1 2 q B 16 1 2 Lt B'16 1 2 q B 16, , .

di ] 2 IZI q S";1 2 0 4 5;1 2 IZI 4 5:
end end
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simple example of a sol, id cy inder
dn3d ,
star T -_
1 q ; 1 37 ; l l_ ;
1 2 0 360 1 14
cyl,
end
end

,.,...
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Telescoping cyl inders '
dn3d

, _tar t ,,
! 2 3 4 5 6:1 37_1 ,q. "7 IB 13 16_ ,, ,
:] 2. 3 4 5 6 _ 361_ 1 2 3 4 5 6
Cyli
d 2 B 5 3 B 6
d,3 0 H _ 0 6
d H B 3 5 8 6
d 5 13 2 6 B 6
end

end



,i.

s,mple sol ,d s,phere section ,,
dn:Bd
star t
,1 Lt;1 B7;1 21;
],.8 2 0 181ZI-80 81_
sphe
end
end



, stair stepped spheres 11
dnSd
start

° 1 3 S 7 9 1] ; 1 B7 : 1 Lt 7 I IZI13 1S :
1 1.1 1.2 1.3 1.q 1.5 IB 1BIB I_ 15 BIB 45 61_ 75
sphe
d 2 IZI 1 3 El 2
d 3 _ 1 q El 3
d 4 El ], 5 El q
d 5 El 1 6 g 5,
Icr ,1 rxy
Irep g 1 ;
end
end

i

ii,I, lr I tilr '_ I _1
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s,mple c,rcular plate
cln3d
s?ar T
1 5 ; 1 5 : -1 ;
-1 1 -1 1 0
a 1 1 0 2 2 0 3 1.0
end
end
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, nicely zoned circular plaTe-soluTion H1
dn3d
s_ar_

" I 3 7 9;I 3 7 9; I;
-.5 .5 .5 .5 -.5 .5 .5 .5 0
d 11022 _]
d 13 0 2 q_
d 310 q 2 _]
d 330 q,q 0
a 11 i_ q q I_ 3 ]
end
,end

1

n,cely zoned c,rcular, plate-solution _2
dn3d
s_rer_
1 37 9; 1 3 '7 9;-I ;
-.5 -.5 .5 .5 -.5 -.5 .5 .50
dIi 1 2 _ 3 L};I2 _ 3 H;-1;
a 1 11Z} Lt q _] 3 1

end

end

nicely zoned c,rcular plaTe-soluTion ._3
dN3d,
S ? a r I I

i 1379;1379;-1;-.5 -.5 .5 .S -.5 -.5 .5 .5 0
d 1 18228+ , 2 + j 2 + i -2
a 119 H H 93 ]
end
end

........ IIe IN ' ,pr Villi
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• quarter circular plate-solution _1
dn3d

, star t
1 3 5;1 3 5;-1;
B .5 .5 IZI .5 .5 B
d 2 2 B 3 3 B
ac 3 IZIIZI 3 IZI IZI 3 0 B B I IZIIZI l
acB3803038_8180 ]
end
end

quarter c,rcular plaTe-soluTion _2
dn3d
sTarT
1 3 5 7 9:1 3 S 7 9:-1;
-.5 -.58 .5 .5 -.5 -.5 IZI .5 .5 13
di 1 2 B 4 5;1 284 5;-1;
a 1 1 13 5 5 8 3 1
d 18 l_ 388
d 81B 838
end

encJ
_'x.\

X
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circular plate ,with out.er 1 ,ner,
dnBd
mat 1 1,e 1.1 pr 1 2
head
mater ial example _ 1
ma_ 2 ]8 •
g ].3 sigy ].Lt eh ].S a] ].6 npts 3
es 3 3 3.H 3.5
eps Lt 3 Lt. Lt LI.5
p 5.3 5.Lt 5.5
head
mater ,al example _ 2
endmat
s-tart
1 3 5 ]1 13 15 : 1 3 5 1] 13 15 ; --1 :
--.5 -.5 -.5 .5 .5 .5 --.5 .....5 .5 .5 .S .S I_
di 1:3846 ; 1 313 Li 6 ; -1 ;
a 1 1 86 6 13 3 1.1
a 2 2 8 5 5 8 3 l
mate 2
mt 2 2 8 5 5 8 I / -_

end /_
end \ / \\

\ / '
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" circular plate with hole - solu-tion ft 1
dn3d

, start 1 3 : 1 21 ;-1 ;
1 1.5 _ 36B
cyli
end end

circular plate with hole - solution fl 2
dn3d
start ] 39 11 ; 1 3 9 II ;-I ;
-l-I 1 l -I -I 1 l B
di 1 2 0 3 q ; i 2 @ 3 q ; -I ;
a l ] @ H H 0 3 1.5
d 2 2 @ 3 3 0

, a 2 2 IZl 3 3 13 B ]
end end
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hollow shell cylinder- solution # 1
dn3d
start-I;1 19;15;
1.5 0360 02
cyli
end end

hollow shell cylinder- solution # 2
dn3d
start-1 -5;-1 -5;15;
-1 1-11 02
al 1022031.5
end end

hollow shell cylinder- solution # 3
dn3d
start-1 -5;-1 -5;15;
-11 -11 02
sf110220cyO00001 1.5
end end



' cyl inder with stif_feners 19
dnBd
stert 1 -B;l 19:-1 -5:

J

1.2 1.5 B 36gl B 2
cylt
end end

i

/

/
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pla?e with hole in it
dn3d
start i 5 11 lvr;1 5 11 15;-1:
-1 _ -1, 1 1 -1 -i 1 1 I_
di 1 2 IB 3 q;1 2 9 B q;-1
a " I 9 4 Lt i_ B B
d 2 0 B B 9 '
ra> 2 2 @ 3 3 @ 12 .7S .7S
a r 2 @ B B @ 3 ._q
ep," end



• square plate with hole 21
dn3d
start 1 5 9 13;I 5 9 13; I;#

9 ,,I .2 3 l_ 1 2 3
d 2 29 3 3 0
a 2 2 g 3 3 0 3 .75
end end
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r igh¢ Or,angle
dn3d
sTarT 1 5 9:1 5 9:-]:
IZI .3 ] 0 .3 1 0
d 2 2 0 B 3 0
pa 2 3 IZI ]2 .5 .5
pa 3 2 @ ]2 .5 .5
eno end



"_ 23

" ,square plate with hole
dn3d

,: start 1 5 9 13;1 ,5 9 13;-1;
-2 -2 2 2 -2 -2 2 2 0
di 1 2 0 3 Lt;1 2 13 3 Lt;-1;
d 2 2 13 3 3 13
a 2 2 I_ 3 3 13 3 ],1
end end

//
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sol ld sphere
dnBd
sTarT I 3 5 7 9;I 3 5 7 9;I 3 5 7 9;
-2.5 -2.5 0 2..5 2.5 -2.5 -2_5
13 2.5 2.5 -2.5-2.5 13 2.5 2.5
d_ i 2 @ H 5:1 2 @ H 5; ;.
d, I 2 @ LI 5: :] 2 @ Lt 5:
d, _1 2 @ 4 5:] 2 @ Lt 5:
S£, ] _.5;-1 -S:-] -5;sp @ @ @ 5
d 1 @ @ 3 @ @
end end

|

'1_ III' _
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- spher i ca1 she/ I - radius . 5.1_
dnBd .

' start -1 5 -9;-1 ,5 -9;-1 .5-9;
-1 g, 1 -1 gl 1 -1 g 1
sf'_ -I -3;-1 -3;-1 -:3; sp _ _ 135
d.l.O 0 2 0 _
end end

i

i
!
I
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hich spherical shell -rl - 3.0. ro • 5.1El
lnBd I '

_ar_ 1:3 _ 5 7 .9;1 B 5 7 ,9;1 B 5 7 9;
1 -1 ,0 1 1 -1 -1 I_l 1 -1 -1 0 1 1

l_ 1 2 _ q 5;1 2 _ q 5; ;
J_ 1 2 ii q 5: ;1 2 13 q 5;
J, :1 2 _ LI 5:1 2 _ 4 5: ,
_f_ -1 -5;-1 -5;-1 -5;,sp _ 13 E_5
_f, -2 -4;-2 -H;-? -4;sp _ _ _ 3
j 2 2 2 H H H
J 1 0 _ 3 _ _
_nd end



, . , ,,_:. ,,,

" 2'7

" sol id cyl i nder with spher ical end - radius - 5.13
dn3d

,' start 1:3 5 7 9;1:3 5 7 9;] 5 7 9;
-2.5 -2.5 g 2.5 2.5 -2.5 -2.5 I_ 2.5 2.5
-5 0 2.5 2.5
di 1 2 13 q 5:1 2 13 ta 5: :
di 1 2 13 H 5; ;3 H;
di i; ] 2I I_ I _ I 5 ; 3 H ;

s£i -I -5;-1 -5:] 2;cy 1313 13 13 13 ] 5
s£i 1 -5;-1 -5;2 -H;sp 13 8 gI 5 [ ' I

d I 9 0 3 9
end end

'L



sol id sphere with I,ner , rl • 5.0, r2 , 5,5
clnBd
start 1 B 5 7 9 11 1B;1 3 5 7 9 11 13;1 3 5 7 9 11 13:
-2.5 -2.5 -2.5 8 2.5 2.5 2.5
-2.5-2.5 -2,SB 2..5 2.5 2.5
-2.5 -2.5 -2.5 8 2.5 2.5 2.5
cl, 1 3 fZl5 7:1 3 IZIS 7: :
d, 1 3 8 5 7: ;1 3 B 5 7:
d, :i 3 @ S 7:1 3 @ S 7;
sf, -2 -6:-2 -6:-2 -6:sp 8 8 @ 5
sF, -I -7:-I -7:-I-7:sp 8 8 8 5.5
d 1B 6 4 8 0
end end
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" cyl i nder with spher ,cal cap - rad,us - 5.13

dn3d
, start -I 5 -9:-1 5 -9;1 5 -9:

-I 8 1 -I 8 1 -3 g 1
sf t -1 -3;-1 -3;I 2:cy g 13 gl g gl 1 5
sri -1 -B;-1 -3:2 -3;sp 8 13 g 5
d 1 8 0 2 0 0
end end

\

\
\



i

sol i d cyl,nder w,th spher t cal end and I sner-r].5 B,r2"S S
cInSd
star#,
1 3 5 ? 9 li 13;
] 3 5.79 ll 13;
1 7 9 11 13;
-2.5 -2.5 -2.5 El 2.5 2.5 2.5
-2.5 -2.5 -2.5 132.5 2.5 2.5
-:.S 13 2.5 2.5 2.5
d I 3 13 S 7; 1 3 @ S 7: ;
d I 3 13 S 7: ;3 S;
d ;1 3 13 S 7:3 S:
sr, -2 -6;-2 .-6;2 -H,Sl:) 13 El 13 S
sf, -1 -7:-1 -7:2 -S:sp B 13 13 S.5
sf, -2 -6;-2 -6;1 2;cy 13 13 8 8 13 1 5
sf, -1 -7:-1 -7,1 2;oy 13 13 13 _ 8 1 5.S
d 1 13 13 q 13 13
end end



" thick cyl Indrical shell wit_ 1 spher ical cap-rl,3.13,ro.5.1ZI
dnSd
start 1 3 5 7 9;1 3 5 7 9:1 5 7 9:
-I -I 0 1 1 -I -1 13 1 1 -2 _ 1 1
di 1 2 0 4 5;1 2 13Li 5; ;
di 1 2 13 4 5; :3 H,
di ;1 2 13 Lt 5;3 H;
SFI -'1 -5;-1 -5;2 -Li:sp 13 13 135
sFi -2 Li;-2 -Li;2 -3; sp 9 13 13:3
sFi -1 -5:-1 -5:1 2;cy I_ 138 8 13 ] 5
sF i -2 -Li;-2 -q;] 2;cy 13 1313 8 13 1 3
d 2 2 1 LI LI 3
d 1 13 13L3 9 13
end end

II1 ,H .... Tiq ' II ' ' ' _ ' ' I'1 ' I .'' '11 ' I1'1_"_ PP ' "'_ pll rl '_ 'p
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c51,dr ,cal shell wtth hole
dnBd
sl_art -I 3 7 9: -I -9:1 5 9 13:
-2-I I 2-2 2-3-I I B
d 2 8 2 3 13B
sf_ -1 -Lt;-1 -2; ;Cy 1313 13 13 81 2,
Bf'' -2 -B: :-2 -3;cy 13 1313 13 1 _ 1
ClS_ I 8 [-t 8 1 1 + l< 3 ]
ems end



. cyl_idrical shell with hole a ¢ranslthon region
dnBd

' start -1 -7;-1 -7;lLi 1B 13:
-1 1-1 I-3-2 2 3
di ;-I -2;2 3:
sf'J -1 -2;-1 -2; ;cy 0 _ _ IZII_ 1 2
end
start 1 7 13 19;-1 -2;1 7 13 19;
-1-1 1 1-1 1-2-2 2 2
d, 1 2 .IB 3 H:-I -2:1 2 _ 3 Lt;
Sr, :-1 -2: :Cy 0 13 IZl 0 13 1 2
d 2 @ 2 3 B 3
sf', -2 -3, :-2 -3;cy 0 0 13 13 1 g .75
end end

'! "lit ...... Ill
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J

sphereical shell formed From a shee¢
dn3d
scare 1 4 19 13:1 H 19 13:-1:
-5 -5 5 5 -5 -5 5 5
pb 2 2 _ 3 3 _ z 5

sF 0 0,I @ @ I sp @ @ @ 5
end end

i

I
!
I
t
:
I '
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lblck sper ical shell Formed from a sheet
dn3d

' starl' 1 H 1_ 13; 1 q I@ 13;I LI;
-I(_ --I_ I(_ Ii_-18-I_ 18 I(_ _ _I
pb 2 2 13 3 3 8 z 11_
di 1 2 IB 3 H;1 2 B 3 H; ;
sF i;_ B 1B IB 1 sp I_ B I_ q
sf @ 13 _ El B ? sp @ IZI13 6
end end

:I
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spher bcal w tCh a hole
dn3d
scare --1 ,3 7 -9:-1 3 7 -9:1 -,5:
-2 .-I 1 2 -2 -1 1 2 B 2
sF'i -1 -_;-.1 -t-t;1 -2; sp 12)_ _ 2)
,d 2 2 12)3 3 _
sf'_ -2 -3:-2 -3; ;oy _0 _ B _ I_ I 1
cpl I_ g ] g g ] ] 4 s,j j
enci end



" tt

i

.' bracket with hole 39
drl3d

, start 1 q 9 12;1 5 8 1:9;1 Lt:
-1.5 -1 1 1,5 0 2 3 "3 IZl2,.

d 2 2 0 3 _ 0
pb 0 Lt I_ 0 H _ xy B 5
sf l -.2 -3:-2 Lt; ;cy 0 3 I_ 0 0 I 1
sf't -I -H;3 H; ;oy I_ 3 B IZl _ 1 1.5
sf" 1 1 1_ 1 3 0 plan -1.5 _ I_ 1 IZl
sf" H 1 0 H 3 g plan 1.5 I_ _ ] 0 I_
cpl ] 1 i_ 1 3 I_ j + i 3 j
end end ,i'



... 40

7,

c,rcular flange w,th hole
dn3d
s_art 1 S g 13;1 3 7 9;1 q;
-1 -1 1 1,1B 1,B 12 12 Bl 2 "
d 2 2 0 3 3 $
sf, -2 3:-2 -3: :cy t3 11@ t3 B 1 1
sF B I _ I? I 0 cy l_ l_ I_ I_ l_ I 9

st" 1 0 B l _ _ ,pI3 r¢ _ @ g cy 1 ]IB _ ct B B I B
sf q 0 0 H {_ _ pl3 r{ _ 0 0 cy 1 7{_ _ r,¢ _ _ 1 @

end end
I
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• spher ical cap w i1-hhole and tras iI,onreg on

cln3d
li

scare -I ' 7:-I -7;I q;
-2 2-2 2 8 2
sri -1 -2;-I -2; ;sp B 0 B 2
end

s_ar¢ 1 7 13 19 ; 1 7 13 19;-I;
-2 -2 2 2 -2 2 2 2 2
di 1 2,B 3 H;1 2 g 3 .4;-1;
sFB IZII 13B I sp ,0 IZIB 2
d 2 2 B 3 3 0 "
sf 2 2 0 3 3 B cy. B B 13 IZIB ] 1
end end



f¢lde,coybyOrcggManncll 42 _. ,
dn3dledl3011 I020

parameterr222 rl[%r2/sqrt(2)]deltaI0;
mat I 1shellendrnat "_

start-I 40-41;-1 -21;'1 -21;
-100 95.4 100-100 100-100 100
mate 1 thic .0088 d 2 0 0 3 0 0
sri-1-3;-1 -2;-1-2;sp 0 0 0 100

ff2OO3OOcyOOOlOO3Oend ' L E_start-1;l 4 24 27;1 4 24 27;
95.4 [-%rl] [-%rl] %rl %rl [-%rl] [-%rl] %rl %rl JI
di;12034;12034; ' -
sri ;-1 -4;-1 -4;cy 0 0 010030 !
sf 12 2 12 3 cy 0 %delta 010 0 [%r2+%delta] -

t-. --i---

"sf132 133 cy 0 [-%delta] 0 1 00 [%r2+%delta] ,-
sf 122 132 cy00 %deita10 0 [%r2+%delta] I, _ _,.g..

sf 123 133 cy 0 0 [-%delta] 100 [%r2+%delta] " -1-
sri-1;14;14;sp 0 0 0 100 -. -.t..

prO0000011.O000end _ tend 1- -,-
I

i - -4.-
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p4pe bend _ITh hole
dn3d
s_ar'r -1 -9:1 15 23 37:-I -9:
19 158130 B -2.5 2.5
rr 8 2 8 8 2 @ r z 35:
rr 9 3 @ g 3 I_ r z 55:
rr 8 H _ g Li 9 r z 99:
sf': -I -2: :-I -2:ts 8 2J g @ 13 ] ]2.5 9 2.5
d : 2 2 2 3 2
end
slart ] 9 17 25:] 9 ]7 25;-]:
1819 ]S IS 66982.5

' mb228238 x l
mb 3 oL 9 3 3 9 x -I
rr 9 189 2 13 r z 35:
rr 8 3 @ 8 Lt 13 rz 55;
d, 1 2 @ 3 H;1 2 @ 3 H: :

I

d 22 @ 33 @
' s,_ 9 9 1 rS 9 1 ts 13 9 13 9 8 1 ]2 5 .8 2.5

s£ 2 2 133 3 13 cy 8.8325 8.8375 13 13 13 1 .5
end end

I
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t,wO pipes ,ntersecting at LIB decjrees
dn3d
sd 1 c y 13 El El El 13 1 2
S,d 2 cy B El El El 1 1 2
start,-1 -11ZI;-1 -113;1 ? 16 22;
-2 2 -2, 2 -6 -2 2 6
d El 2 2 El 2 3
mb El 2 2 El2 3 z 2
sri -I --2;-1 -2; ;sd 1
sf El 2 2 El 2 B, sd.2
end
start -I -I13;1 ]S;--'] -lEl;
-2.2 2"12 :2 2
rr 132 13 13 2 0 rx HS;
mb 13 1 El El, 1 El z 2
sF, -1 -2; ;-1 -2; sd 2
sf El 1 IZI 13 1 El sd 1
e,nd end
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I'

%-hree pipes ,nTersecTing
dnBd
sd I cy B B B B B 1 2
sd 2 cy B IBB B .866 .S 2
sd 3 cy B ElIBIB .866 -.5 2
sTarT-1 -11:-1 -ll:l 6 11 16 21;
-2 2 -2 2 -6 -2 @ 2 6
d g 2 2 0 2 H
pb B 2 3 8 2 3 y @
sf" 1 2 2 1 2 3 sd B + , ] sd 3
sf 1 2 2 2 2 2 sd 3
sf 1 2 3 1 2 q sd 2 , , 1 sd 2
sf 1 2 q 2 2 Lt sd 2
sF, -1 -2:-1 -.2; ;sd 1

, end
, start-1-11;1 21:-1 6-11:

i -2 2 2 1@ -2 @ 2
: rr El@ B ElElEl r'x 3@:
' pb @ 1 2 B 1 2 y @

sf 0 1 1 13 1 2 sd 3
sf 13 1 2 13 1 3 sd 1
sf @ _ @ @ @ @ sd 2
sf @ I 2 B 1 2 plan @ @ @ _ @ 1
COOt 1 rxy;
Irep @ 1:

, end end

i

i

_lI[i ....





, 47

tube within a block
dn3d
start 1 S ]l;l li 21;1 11:
._88 .IBq .228 B qS 90 B .lqBS
sf" 3 1 1 3 2 2 plan .228 B El 1 El B
sr 3 2 I 3 3 2 plan El .228 El B ] El
c>,li lcr 1 ryz: Irep El ];end end
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sphericalbubbleinblockwithratiozoning
dn3d 48
parameterpl i0p25 rs1.4;
tcrmiprtiI00plti.01itss1,0c-4
lcd 1 20 1 100000 1
mat 11 c3.2pr17ro2,I
mat 21 c 3.2 pr 17 ro 2.1 _' N

cndmat _' _,_,
cos llc00cl lc22e33 ',k_,.
cos21cOOcl Ic22c33 , ,,"
cndeos '

", \

sd1 spO002 ".
•' %

sd2 sp000 1.5 ',
plane200000-1,01 symm " ",

000-100.01symm , ,

1 [l+%pl] [l+%pl+%p2]; ', '_
%, \

1 [l+%pl] [l+%pl+%p2]; ,,
1 [l+%pl] [I+%pl+%p2]' " "
044044044 ,, ",
d022033 '" _
d202303 "
d220330 ",, '"

d000222 " ",
res211322i%rs ,, ,,
res121232j%rs " " " "
_s112223k%rs '
mate 1 " " ,

sf112222sdl \

sf121222sd1 \,__t-___ " '

sf211222sd 1 ff_'.-_'___' "
lct 1;ryz;lrcp 0 1; -,_-__,, "

end _-__. "end
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tiger cask by (:]usAramayo
,dn3d87

, c delta - offset forinterior cylindcr surface of pan I
c rad - radiusof interior cyllndcr surface
¢ lh - gap between oyllndcr container and other pans
e sth - shell thlckncss of cyllndcr
c bth - box thtclcness
parameter delta 2 rad [%delta+6] rh, 125 sri1,25bth l;

" si 1 sv; c top of box and top of foam
st 2 sv; c bottom of box and bottom of foam
sl 3 sv; e left of box and foam
si 4 sv; c right of box and foam
st'5 sv; c front of box and foam J

st 6 sv; c back of box and foam
si 7 sv; e between two halves of box
si 8 sv; e between two halves of foam
si 9 sv; c front cap and fro_ltfoam

I si I0 sv; cback cap and back foamsi 11 sv; c between cylinder and foam
si 12 sv; c front cap and contents
st 13 sv; c back cap and contents
si 14 sv; c between cylinder and contents
sd I cyO0000 18
sd2 spO 0 [14+%rh] [8-%th]
sd 3 sp 0 0 [86-%th] [8-%rh]
sd4 eyO0000 1 [8-%th]
sd5spO0148
sd 6 ey 0 0 000 1 [8+%th]
mat 1 3shell c container " ' ""
mat 2 3 c contents
mat 3 3 e wood ---"
mat 4 3 endmat c foam
velocity 00 [sqn(386,4*360)]
plane 100100 001,001 ston
start -1 -7;-1 -7;145;.8 8 -8 8694 c cylinder
sth-1 -2;-1 -2;;11 m 0050 stl+-I -2;-1 -2;;14 m 0050
lhle %sth mate 1 sri-1 -2;-1 -2;;sd 1 end
start 15 1115;1 5 11 15;-1;-8 -88 8-8.88 80ccylindercap
sf220320cyO%deltaO001%rad
sf230330cyO[-%delta]O001%rad

.sf220230cy%deltaO0001%rad
sf 3 2 03 30 cy [-%delta] 000 0 1%rad
mate 1 thio %sth di 12 034;12 034;;
sflOOlOOsd lsf4OO4OOsdl
sfO 1 O0 10sd 1 sfO4OO4Osd 1 sfOOOOOOsd5
si-O00000 lOre 0 050 si+ 0 O0 0 O0 13 m O050end
start 15 1115;1 5 11 15;-1;.8-88 8-8-8880ccyltndercap
sf2 2 0320 cy 0 %delta 0 00 1%rad
sf23 03 30cy 0 [-%delta] 000 1%r_d
sf 2 2 0 2 3 0 cy %delta O0 0 01%rad
sf 3 2 03 30 cy [-%delta] 000 0 1%rad
mate I thio %sth di 12 034;12 034;;
gl'l O0100sd 1 sf4 O0400sd 1
sfOlOOlOsd lsfO4OO4OsdlsfOOOOOOsd5
si- 0000009 m 0050 st+O00 000 12m0050

let l;rxy mz lO0;lrep l;end
start 1 3 69 11;1 3 69 11;1 3 5 15 17 19; c material in cylinder
-8 .-80 8 8 -8 -8 0 8 8 10,5 10,5 [14+%rh] [86-%th] 89,5 89,5

I



di 12 045;12 045;13 0,46;dt 2 a;1204 5;12056; 52 .,

di 12 045;24;12 05 6;mate2 sll -1 -5;-1 -5;34;14 s
sl 22 644 6 12 s stl -1 -51-1 -5;45;12 s
st22 144 1 13sslt-1 -5;-1-5;23;13s
sri -1 -5;-1 -5;34_sd 4 sf't -1 -5;-1 -5;13;sd2 sri 1 ..5;-1 -5;4 6;sd 3
sf22 144 1 sd 2sf22644 6 sd3pb222425 y-3
pb24 244 5y3 pb222245 x-3 pb42244 5 x 3 end
start I 5 6;1 21314;1240411 _ upper half ofbox
09 [9+%bth] [.12.%bth] -12 12 [12+%bth] [-%bth] 0100 [lO0+%bth]
mate 3d 12223 3 sw004 0041
st 222233 1 mst 122223 3mst 1322334m
st l 232335 m st 122232 6msl 1 O01 007 m end
start 156;1 213 14;124041; c lower half of box
09 [9+%bth] [-12,,%bth] -1212 [12+%bth] [-%bth] 0100 [lO0+%bth]
st2222332mst 1222233mst 1322334m
sl 1232335msl 122232 6m st 1 O0 1007s

d 12 2233 sw 004 004 1 mate 3 lct l',ryz;lrep 1;end
start 145;1 289',131315;099 -12 -1212 12 0694 100 c upper foam
dt 23;120 34;13;d 1222 33 mate 4
pb22 023 Ox 8pb 12 0220y.8pb 130230y8
sfi 12;-2.3;23;sd 6 sf222233 sd 6 sl 3 003001 s
slO1 001 03sstO400404sst0040045s
stO01 O0 16sst 1 O0 1 O0 8m sl 1232339s
st 12 2232 IOs si 222 23311 s sii 12;-2 -3;23',11 send
start 145;1 289;1313 15;099.,12-1212 12 0694 100 c lowwer foam
d123;12034;13;d122233mate4
pb22 023 Ox 8ph 12 0220y-8 pb 130230y8
sfi 12;-2.3;23;sd 6
sf22 223 3sd 6si 1O01002 ssiO 1 O0103s
stO400404sstOO40045sstOOlOO16s
st lO01008sst 1232339ssi 12223210s

st 22223 311 s stl 12;-2 -3;23;11 s lcr 1;ryz;lrep 1;end
bptol 68 -1 bptol 12.35 bptol 13,35 end c use stp ,001 to merge



t 53
' mocblusstrip "

startI II;I2;I181;-I'I-.05,0500
+ cdif+

cyli
y=y+k
cart
x=x+4

ycyli+
x=k*2
end
end
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' rol let 5s
dn3d
sd 1 cone 0 ElElElEl I El35.311
sd 2 cone ElEl ElEl0 I 5.667 -35.311 _
sd 3 cone El ElElElEl I .75 35.31]
sd Lt cone El El El El El 1 6.q17 -35.B1t
sd S plan El El El El El 1
sd 6 p,!an El El 8 El 0 ]
gcr l;csca .386666666 mz 2;
lev 1 9rep @ 1; ;
lev 2 levct 1;rxy mz-2El;grep 0;
pslv 2
pslv 1
start
1 2 6 7 8;1 3 5 6 8 lEl:l 3 q 6 7 9:
q.25 5 18 10.5 l l @ 8 13.5 16;5 22 3El
023568
cyli
d, 2 3;1 3 El H 6; ;
di 2 3; ;1 3 El q 6;
d, 3 L_:I 2 @ 5 6: ;
di 3 H:2 5;1 2 13 5 6;
cii 1 2;1 2 El 5 6; ;
pbl 2 @ 2 2 @ 2 8
pb 1 5 El 2 5 El 2 3El
mb 2 3 @ 2 3 El 2 -1.3 + j 1 2 1.3
sf 1 El 1 1 @ 2 sd 2 + k LI sd 1
sf 2 El 1 2 El 2 sd q + k q sd 3
sf @ El 1 El El ] sd 5
s£ El El 6 @ El 6 sd 6
cpl I 2 @ 1 5 El j
Icr 11:rz 36:repe 11;
Irep El 1. 2 3 q 5 6 7 8 9 1El 11.
end
pplv

. pplv
start
l, 2:1 61;1 6El:

• 1.q 1.6q33333333 @ 369 -2q Lt
cyl
end
end

" I'1 I[I
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-breaded bolt s9
dn3d
start I _:1 5 9 13 17 21 25:1 3:
,25 .LI5 i_ 8 1313 1313 8 8 ,.2
rr B 2 13 132 13rz 68:
rr g 3 8 g,3 13rz 12@;

,, rr 13 H 13 13 LI 13rz 1813;
rr 13 S 8 8, 5 @ r z 2LIB; '
rr 13 6 i_ 13 6 @ r z 3@13;
rr ,13 7 13 13 ? 13r z 368;
sF 1 @ 13 1 13 13cy 13 1313 13 13 1 25
end
Start 1 V:l V:l 3 113;
-1 1 -1 ] @ .2 1,S
sF. -1 -2:-] -2::cy 13 13 8 13 13 1 .25
end
start I 2 3; 1 5@]:1 2 3;

.25 .27S .3 139@@@.2 .22S .2S
d 2 @ 23 8 3
pa 2 @ ] z .2125
pa B @ ] z .225
pa 2 @ 2 x .22
pa 2 @ 3 xz .275 .2325
pa 3 13 2 xz .27S .2375
ma @ 2 8 z ].25 :,,
cyl ,
end end '"'

_//"
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° 61

"wood screw by Robert Ralnsberger
sd 1 sp 0 0 0 2 sd 2 plan 0 0 1 0 0 1
start I 5 13 21 25;1 5 11 13 15 21 25;1 5 9;
-.7-.7 0.7.7-.5 -.5-.3 0.3,5.5 0.5.5
di 1 20 4 5;1 7;23;dl 1 5;1 2 0 6 7;2 3;
d2324 53dil 2045;12067;1 2;
sfi -1-5;2 6;1 2;sd 1 sfi 2 4;-1 -7;1 2;sd 1
sfi 2 4;2 3 0 5 6;-3;sd 1
sfOO2OO2sd2sfO01001 pianO0000 1
sfi 2 4;-2-6;2 3;sd 2 sri-2,4;2 3 0 5 6;2 3;sd 2
sf 0 30 0 3 0 plan 0-.30 0 1 0
sf 0 5 0 0 5 0 plan 0.3 0 0 1 0
edit
z=-.75*z-o2
end
,_tart1 2;1 37;1 3;0.9 0 360 -.2 0 cyll
edit
fir 1 1 2 2 37 2
z=-.l+,2*(j.1)/36
fir 1 1 3 2 37 3
z=.4*(j-1)/36
end

II start I 23;1 1081;1 2 3;0.9 1.3 0 10800 0.2.4
d 2 0 2 3 0 3 cyli
edit
z=z+(]-1)*.4/36
fir 3 1 1 3 1081 1
z=z+,09
fir 3 1 2 3 1081 2 e_,,,ltli__ , , :

_[llllJfHlf][ _ ]
z--z-,09
cyli
fir1 1 1 3 1081 3

phr 0 -99999 6 6 99999 50
x=x*(1-.15*(z-6))
phr 0 -99999 9 6 99999 50

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



connecting rod , 62
sd I cy 0 9 115 0 I B 17.9
sd 2 cy 9 B 5 B i B 8,B
sd 3 cy -5 @ 19 @ 1 @ 8.9
sd H oy +29 13 16 13 I @ 1t4.9
sd 5 cy -8 @ 99 9 1 @ 19.8
star I
1 2 !_ 6;1 2 35 6 7;1 2 5 6 8;

' l 5 -- 5 5 S --12 -- 8 -- H H 8 12 16 16 @ @ -5
d 1 @ 1 2 9 2
d 3 9 1 q @ 2
cl 1 13 3 2 @ S
d 3 13 3 q 13 S
a 2 @ 2 3 @ 3 2 5.13
a 1 13 I LII @ Lt 2 8.13
d 2 13 2 3 13 3 end
srar t
1256123567;12568;
-]@-19 113 113-12-8-H tt 13 ]2 1135 1135 125 ]25 135
d 1 @ 1 2 @ 2
d 3 13 1 q 92
011332@5
d 3 @ 3 H 13 5
a 2 @ 2 3 @ 3 2 1S.@
a 1 @ 1 q @ q 2 17.13
d 2 13 2 3 13 3 end
Star ?
1 3 5 "7 8 113 12;1 2 H S;1 5 9 1"7 213;
13 113 15 1"7 19 23 2S--8-H H 8 ]22 11313913 18 13
d ] 13 1H 13 2
d 3 @ 3 '7 13 S
d S 2 1 6 3 3
d ] i 2 2 2 S
d 1 3 2 2 q S
a S 2 1 6 3 3 3 3.13
Sf" 4 @ ] 4 @ 2 sd 1
s£ ] @ 2 H 13 2 sd 1
sf 2 9 4 2 9 S sd 3
s£ 3 @ q 3 @ S sd H
sf @ @ S @ @ 5 sd 2
sf 2 @ 2 2 9 3 sd S
sf 13 @ 1 @ 13 1 plan 13 13 122 13 13 ]
mb q @ 2 .7 @ 3 3 7.@
ac 5 1 1 '7 1 3 3 19 13 9 8.@ 13 13 l
ac S q ] 7 q 3 3 19 @ 8 8.@ 8 8 l
ac 7 @ 1 7 @ 3 3 19 13 @ 8,@ 9 13 l
coor 1 rl 13 9 13 rl-1 @ 9 rl 13 -] 13 lrep @ ];end end
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cha,n I Ink '.
coot ]0 mx IZl:mx 2,q;mx q.8:mx 7.2;mx 9,6;
mx ]2.@:mx lq.4;m× 16,8:mx ]9.2:mx 21.6;
star l ] 2 q6 7:I 2 5 6:] 2 5 6;
-1.2 -1.2 0 1.2 1.2
-1,2-1.2 1.2 1.2-.75-.5 .5 .75
d 1@22@3dH 025133d0 I 2 @ 2 3
d832@q 3d ] I @2271d 1 3@2q @
dH 1 @ $2 @dH 3@5H @
a2204 3@3@,8
ac ] 2 13 I 3 @ 3 @ @ 13 1.2 @ 0 ]
ac 2 I 13 3 I 0 3 @ @ @ 1.2 13 0 l
80 2 Lt 13 3 4 @ 3 @ @ 13 1. 2 @ @ 1

r epe 1 3 S 7 9:end
start I 2 q 6 '7;1 2 5 G;l 2 5 G;
1.2 1.2 @ 1.2-1.2
-1,2-1.2 1.2 1.2-.75-.5 .5 .75
d l 0220 3dq 025@3d@ ] 2@23 '
d@32@4 3d 1 I @220d 1 3@2q@
dH 1 052@d4 3@SH 0
a 2 2 0 H 3 @ 3 @.8
ac 1 2 @ 1 3 @ 3 @ @ @ 1.2 @ 0 1
ac 2 1 13 3 1 @ 3 0 @ @ 1.2 @ @ 1
ac2q @3q@ 3@@@ 1.2@@ l
coot 1 rl 2.q @ @ rl 2.5 @ @ rl 2.4 1 @ "
Irep l;repe 1 3 5 7 @;end
start 1 2 q 6 7;] 2 5 6;1 2 5 6;
-1.2-1.2 13 1.2 1.?
-1.2-1.2 1.2 1.2-.5-.25 ,25 .5
d 1 @2203dq 025133d0 1 2023
dB32@q 3d 1 1022@0 1 3@2H@
d q 1 13 5 2 @ d q 3 13 5 q 13
a 2 2 13 q 3 @ 3 .8 d 2 2 0 4 3 @
ac 1 2 @ 1 3 @ 3 @ 0 0 1.2 @ @ 1
ac 2 1 @ 3 113 3 0 0 @ 1.2 @ @ l
ac 2 q @ 3 q 0 3 0 @ @ 1.2 0 B l
repe 2 Lt 6 8 l@;end
start 1 2 q G 7;1 2 5 6;1 2 5 6;
1.2 1.2 B -1.2 -1.2
-1.2-1.2 1.2 1.2-.5-.25 .25 .S
d 1 13 2 2 I_ 3 d q @ 2 S @ 3 d I_ ] 2 0 2 3
cl @ 3 2 @ q 3 d 1 1 @ 2 2 13 d 1 3 13 2 q 0
d q 1 13 5 2 @ d q 3 13 5 q 0
a 2 2 0 q 3 IZI 3 .8 d 2 2 0 q 3 0
ac I 2 @ 1 3 0 3 0 0 13 1.2 13 @ l
ac 2 I @ 3 1 0 3 @ 13 0 1.2 @ B 1
ac 2 q @ 3 q B 3 @ 0 @ 1.2 13 0 1
coor I rt 2.q 0 0 rl 2.5 13 @ rt 2.q 1 0
lr ep l:repe 2 q 6 8 l_l:end end

_
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' axisymmetr c mirror problem 67
role .Bl exch 3 1 2

, start 2 6 7 8 9 IB II 12 13 ILl;
' 2 6 7 9 113II 13 ILlIB 17;I 21_

-LI,872 -2.9H7 -2,637 -2,L18 -2.32 -2.2
-2,13 -1.8 -.183 @ 9.125 I@,625 113,935
11.535 11.875 12.51LI 13,285 13.5
ILl.55 ILI.75 13 3613
d l 2 1 3 ]132 d 3 LI ] 5 7 2
d 6 9 i 7 1132 d 9 9 I I@ II_2
d ? 7 1 8 8 2 d 8 ] ] 113 8 2
j H 13 @ 1 -2.LI8 -2.LI8 -2.H8 -2.L18
1313-2. 137 -2, 137 -1,975 -Ir975

i j 3 @ @ ] -2.637 -2.637 -2.637 -2.63'7
' 13 13 -2.32 -2.32 -2.32 --'2.32
, ac 2 2 @ 3 2 @ 3 -2.9L17 113.935 13 .31 13 13 ]

ac 3 2 @ 3 3 @ 3 -2.9LI7 113.935 13 .31 @ 13 ]
I

J 8 13@ ] -1.8 -1,H25 -1.368 -1.197
-1.]]2 -.952 -,755 -,7 -.7 -,7

! j 7 @ @ I -1.983 -1.6@8 -1.55 -1.38
-1.298 -I,135 -.938 -.938 -I.@3 -1.133

, j 6 @ @ 1 -2.2 -2.@73 -2.13H7 -1.96
i -].916 -1.66H -].565 -1.565 -1.285 -1.285

j 5 13 @ ] -2,32 -2.32 -2.32 -2.32
-2.32 -].9'75 -1.975 -].975 -1,63 -].63
ac Lt 7 1 5 7 2 3 -2.395 12.785 1_ .5 13@ 1
ac 5 6 1 5 7 2 3 -2. 395 12.785 13 .5 @ 13 l
pi 6 9 13 ]2 -1.285 1Lt.65@

. pl 7 9 13 12 -1.133@ ILl. 65@ cyl , end
slart 2 8 9 113;2 3:1 21;
-5.832 -2,637 -2.H8 -2.32 11,538 11.6 13 3613
b 1 ] ] ] 2 ] 1@@@@@c y I, end end

I
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i

hel ,x
dn3d
star t
1 5 ;
I 226;
1 5;
1.S 2.5 1391313-.5 .5
c,v/i
s:F, -I -2 : ] 2 ; -I -2 : ts @ IZl El IZl @ 1 2 IZI ]
ec,t

! r,r ] 1 I S 226 S
z ' z + 0.8513.j
end
end
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' spr _ng

start
15:

' 1 331 :
I 5:
1.8 2.2 0 13213 .2 ,2

cyli
sf t -1 -2 ; 1 2 ; -1 -2 ; ts 13 I_ 13 13 0 1 2 13 .2
edit
fir 1 1 1 5 79 5

z • z + .4.05
f,r .1 88 .l 5 88 5
z - z + 4.13625
fir 1 81 1 5 81 5

z : z + q. EIT5
f iF ] 82 1 5 299 5

z " z + 8.135.j
f,r 1 2513 1 5 2513 5

z o z + 12.H75
f,r 1 '251 I 5 251 5

z - z + 12.H875
fir 1 252 1 5 33] 5

z -- z + 12.5
end
end
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I wine glass

dn3d
start 1 9 15 3541 49;1 9 15 35 41 49;-1;
-1-1-1 11 1-1-1-1 11 10
di 1 3 04 6;1 3 04 6;;
sfi -1 -6;- 1 -6;;oy 0 0 0 0 0 1 1.3
sfi -2 '5;-2 -5;;cy 0 0 0 0 0 1 1.03
sfi-3 -4;-3 .-4;;cy 0 0 0 0 0 1.7
edit
cyli
pbr 1.00001 -600 -1 1.300001 600 1000
z=2- sqrt(4,16*(x- 1)*'2)
end

start -1;1 81;i 40;1.3 0 360.44 cyli
edit
cyli

Jl x=x+(.2* (k- 1)/39+. 15)* sin(((k-1 )/39)'405)+.1 *(k-1 )/39
end
start 1 4;1 4;1 30;-.1 .I -.1.1 0-2
sri - 1 -2;- 1 -2; 1 2;cy 0 0 0 0 0 1.1
edit

cyli
fir111445
x=x*(l+.2*(6-k))
fu" 1 1 2644 30
x=x*(l..2*(k-25))
end
start 1 6 16'21;1 6 16 21;-1;
-.6 -.6.6.6 -.6 -.6.6.6 -2
di 1 203 4;1 2 03 4;;
sri -1 -4;-1 -4;;cy 0 0 0 0 0 1 1.2
sri -2 -3;-2 '3;;cy 0 0 0 0 0 1.6
end end

I
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' model of rear hub ;_
dn3d

• plan 1 13 13 13 1 1313 13.13131symm
sd 2 cy 0 0 0 13 0 i 3.23
sd S cy 13 3.5 1313 El 1 13.6349
sd 6 cy-1.15 3.6 13 8 0 1 8.562
sd 8 cy 88 _ 13 13 1 2.375
sd 9 ts 13 13 5.81 1313 1 1.59 B 2.13
sd 1i_ ts 13 B 5.81 13 13 1 1.2 13 3.17
sd 11 ts 13 135.81 13 B 1 2.15 13 1.44
coor 1 r yz ; l ev I r epe 13 ] ; . ps lv 1
star,?
] 23H 78 ]] 12 ; ] 39; 123457;
2.59 3 896 3. 257 3.8873 Li. 34 5. 1353 6. 1367 lE;.625
90.13 9H.S 1138.135.81 6.LiLi 7.25 7.9_ 8.9 113 13
pb G 2 2 7 2 Li y 96.13
d S 13 1 8 132 d ] 0 ] Li 0 3 d 1 0 4 2 13G
d 2 B 5 3 135 d Li 13 Li 8 B 5 d 6 1 2 7 2 4
sF, -G -7 , ] -2 ; 2 Li ; cy 135.56 1313 13 1 .5137
sF i ] -Li : ; 1 -3 : sd 11
pa H 13 5 x 3.5383 pa H 13 3 x 3.4
ve G I 2 G 2, 2 + _ I + k 2 + i -I
ve522722 + k 2
ve I 13 3 I 13 3 + k i + _ I + i 2 + t 4 + k -2 + -3

I ' ve21352135+, 1+, 1+k1+ i-1
coot 113 rz 9 ; rz 36 ; rz 72 ; FZ 1138 ; rz 1Liq ;
ryz rz 36 ; ryz rz 72 ; ryz rz 1138 ; ryz rz 1HLi : ryz rz 188 ;
Itep ] 2 3 q 5 G 7 8 9 ]13 :

. c>, li end
i
I ,star 1-

1 2356 ; 1H ? 11 ; I Li569 ;
2.3?5 2.8G5 3.22GS 3.773Li H.1349
913.13 96.'7S 183.5 112.5 13. 2.75 3.LiLiLi 3.9H9 5.81
d ] 13 1 2 13 3 d 1 8 Li 3 135 d 3 1 1 q 2 2
ma 5 2 Li y +2.5 rna S 3 Li y +1.13

. sF S 1 1 5 2 H sd 5 sf S 2 1 5 3 3 sd 6 sf" 5 3 1 5 H 3 sd 2
sf, -3 -q ; 1 -2 ; 1 2 ; cy 13.8 3.5 13.1313 8 1 8.2735
sf I 13 3 ] _ Lt sd 8
sF 1 -3 ; ; -4 S ; sd 9
si: S 3 3 5 H S sd 113
sf 5 13 S S 8 5 sd 113
cp 3 13q S 13 S 1 cp l 2 13 3 S 13 3 1 cp l 2 3 1 5 Li 2 1
Cy , coor 8 rz 13 ; rz 45 ; rz 913 ; rz 135 ;
r>'z rz H5 ; ryz rz 913 ; ryz rz ]35 ; ryz rz i813 ;
Irep ] 2 3 4 5 G 7 8 :
ve 3 ] ] 3 2 ] + k I + i 1 + k-]
ve 32 1 42 ] + k 1
ve S g I 50 I + i -3 + k 1 , i -I + k ]
end pp iv end
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partially exaavated tunnel and neighboring fault
nk3d anal etat bwmo off nbsr 1 nbel 1 nibsr 10 msrf 15
dctol ,001 carol ,01 Iprt 1000 lptr 1 nstep 100 term .00'1
© sl • minimum z coordinate ,. slice I

|ll I 1 [_l 1

© 1=2 = z coordinate for beginning of tunrtel plug = sl ice 2 .....
© _3 =. z coordinate for beginning of tunnel : st ice 3 ........
© s4 = z coordinate for tunnel opening : slice 4 ........ :_

G k2-maximum node number ,of region behind tunnel __J____ .................O k3 • node number at sl Ice 3 __-
c k4 • node number at sl Ice 4 ' _____7.-_,____
¢ k5 = node number at sl ice 4 for outer region v_N,__-_../PI_Y__ _'_',_:-.':-:'";,".'_'_",::..,;......,,.,_.__...,._"_""'_"'"

¢: rkl • ratio zoning In k direction In unexcavated region / / / /l,///Y'_''<'/,/,_7, W/__.... ,/,,ic rk2 = ratio ;_ontng In I< direction In excavated region
c para k2 2 k3 2 1<4 3 k5 3 s2 1 s3 2 s4 3 rkl ,8 rk2 1 .25;
para k2 11 k3 15 k4 25 k5 14 s2 50 s3 60 s4 65 rkl .8 ck2 1.25;
that 1 5 mat 2 5 enclmat
sd 1 cy 0 1 .5 0 0 0 1 1.5 sd 2 cy 0 0 0 0 0 I 6.5 sd 3 plan 3 0 0 1 0 0
sd 4 pian 1.06 2.56 0 1 0 0 sl 1 tiedIsl 2 sv;
start I 9;1 7 15 30;1%k3 %k4 ;1.5 3 0 1.5 2.56 6 %s2 %s3 %s4
res 0 0 0 0 0 0 l 1 .3 res 1 3 0 2 4 0 j 1.2
res 0 0 1 0 0 2 k %rkl res 0 0 2 0 0 3 k %rK2
sf I 2 0 1 3 0 sd 1 sf 1 4 0 2 4 0 sd 2 sf 2 0 0 2 0 0 sd 3
sf 1 3 0 1 4 0 Sd 4 sf 1 1 0 1 2 0 plan 1.5 0 0 1 0 0
mate 1 b 1 0 0 1 0 0 111000
si 0 0 1 0 0 1 1 s sl 2 0 0 2 0 0 2 s sl 1 4 0 2 4 0 1 s end
start I 16;1 20;1%k3 %k4 ;3 6.5 45 152,3 %s2 %s3 %s4
mate 1 cyll
res 0 0 0 0 0 0 I 1,2 res 0 0 1 0 0 2 k %r1_1 res 0 0 2 0 0 3 k %rk2
sf 1 2 0 2 2 0 plan -1 .5 1 .5 0 0 1 0 sf 1 1 0 2 1 0 sd 4
sf 1 1 0 1 2 0 sd 1 sf 2 1 0 2 2 0 sd 2
sl 2 1 0 2 2 0 1 s si 0 0 1 0 0 1 1 s end
start 1 16;1 7;1%k3 %k4 ;-6.5 -1.5 0 1.5 %s2 %s3 %s4
res 0 0 0 0 0 0 i .833333333 res 0 0 1 0 0 2 k %rkl res 0 0 2 0 0 3 k %ck2
sf 1 2 0 2 2 0 plan -1 .5 1.5 0 0 "1 0 sf 2 1 0 2 2 0 plan -1.5 1 .5 0 1 0 0
sf I 1 0 2 1 0 plan 0 0 0 0 1 0 sf 1 1 0 1 2 0 sd 2
mate 1 b 1 0 0 1 0 0 111000
Si 1 1 0 1 2 0 1 S Si 0 0 1 0 0 1 1 S end
start 1 5 8;1 7 12 19 22;1%k3 %k4 ;3 4.7 4.7 0 1.5 2.56 4,5 4.5 %52 %53 "/.54
d 2 4 0 3 5 0 res 0 0 1 0 0 2 k %ck1 res 0 0 2 0 0 3 k %rR2
pb 2 3 0 2 3 0 y 2.7 pb 3 4 0 3 4 0 y 5.8
pb 2 5 0 2 5 0 y 5,8 pb 2 4 0 2 4 0 XV 3.8 4. 1
sf I 5 0 2 5 0 Sd 2 sf 3 1 0 3 4 0 sd 2 sf 1 0 0 1 0 0 sd 3
Sf 0 1 0 0 1 0 plan 0 0 0 0 1 0 mate 1 b 1 0 0 1 0 0 111000
sl 0 0 1 0 0 1 1 s sl 1 0 0 1 0 0 2 m sl 1 5 0 2 5 0 1 s sl 3 1 0 3 4 0 1 s end
start 1 5 16 20;1 7 15 19:1%k3 ;
-1.5 -1.1 1 .1 1.5 0 1 .5 2.15625 3 %s2 %s3
mate 1 di 1 2 0 3 4;3 4;; b 0 1 0 0 1 0 111000 res 0 0 1 0 0 2 k %rkl
pb 1 3 0 1 3 0 xV -.820865 2.75546 pb 2 4 0 2 4 0 xy -.820865 2.75546
pb 2 3 0 2 3 0 xy -.77 2.44 pb 3 3 0 3 3 0 xy .89 2.29625
res 1 I 0 2 3 0 i 1 .25 res 3 1 0 4 3 0 I .8 res 2 3 0 3 4 0 j .8
sf ; 3 0 3 3 0 cy 0 1 .5 0 0 0 1 1 .1
sf 3 4 0 3 4 0 sd 4 sf 4 3 0 4 3 0 sd 4
sri -1 -4:2 3;;sd 1 sf 2 4 0 3 4 0 sd 1
si 0'0 1 0 0 1 1 s end
start 1 6 11;1 6 11;1%k2 %k5 :-50 -6.5 0 50 6.5 0 0 %s2 %s4
mate 2 d 2 2 2 3 3 3 b 0 3 0 0 3 0 111000
pb 2 1 0 2 1 0 x -20 pb 1 2 0 1 2 0 y 20
sf 2 2 2 2 3 3 sd 2 Sf 2 2 2 3 2 3 sd 2 sf 3 0 0 3 0 0 sd 3
sl 3 1 2 3 2 3 2 s si 3 1 1 3 3 2 2 s
si 2 2 2 3 3 2 1 m si 2 2 2 3 2 3 1 m si 2 2 2 2 3 3 1 m end

start 1 9 11;!'6 11:1%k2 %k5 ;50 6,5 3 50 6.5 0 0 %s2 %s4
mate 2 d 2 2 2 3 3 3 b 0 3 0 0 3 0 111000
pb 2 1 0 2 I 0 x 13 pb 1 2 0 1 2 0 y 20
sf 2 2 2 2 3 3 sd 2 sf 2 2 2 3 2 3 sd 2 sf 3 0 0 3 0 0 sd 3
sl 3 1 2 3 2 3 2 m sl 3 1 1 3 3 2 2 m
Sl 2 2 2 3 3 2 1 m si 2 2 2 3 2 3 1 m si 2 2 2 2 3 3 1 m end

end c use stp .001 to mer'go parts --_-,--_
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INGRID/DYNA3D/TAURUS ROTATING PIPE EXAMPLE

This simple test problem contains 1 part. lt has a
constant pressure load on the inside of the pipe pointing
outwards, lt is rotating. The following is the input to
INGRID. The ingrido file from INGRID is used as the
input to DYNA3D.

rotating pipe
dn3d term 2.5e.03 plti 1.25e.05 prti 2.5e-03
mat 1 3e 7.1e+10 pr .333 slgy 2.86e+08
etan 3.56e+09 beta 0 ro 2680 endrnat
Icd 1 2 0 6.69e+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
epb11 111 1;
pr1001001 1100180.013
end end c use stp .00000001

p_ ", ' . .... ,, _l,, 'l_l_. ..... 111"' II'_ .... i,,r .... ,
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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

.rx 30

.state 1 v
.phs2
.elements 1 1
.gather
.etime 8 1 1
.etimc 1 1 1
.etime 2 1 '1
.end
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INGRID/DYNA3D/'i'AURUS IMPACTING BAR EXAMPLE

The problem is calculated with 1/4 of the 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 connectthese two faces and write the input file for
DYNA3D.



bar impact pr oblem
dnBd
velocity 0 12:1-.9227
mate 1

mat 1 3 e 1.17.pr .35 s,gy .0120L1etan .0010
beta 1 ro 8.93 endmat
ter'm 86.12:1
pl t i l. pr t, 8l.

, plane 3 12:1IZI12:1IZI.-I0 BBI symm
; 12:112:112:1-I 12:112:1.12:112:11symm

IZI12:112:112:112:1] .@Bl symm
start 1 Lt 7 1B 13;l Li 7 l_] 13;1 37;

' -. 16 -. 16 0 .16 .16 -.16 -.16 12:1.16 .16 IZI3.2LI
d'O 1 B IZI 3 IZI d ] 12:112:13 12:1B
d,, 1 2 0 H 5;1 2 O, LI 5::
sf, -1 -5;-1 -5,,c× _ _ _ 12:112:11 .32
end end
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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

.rx -45
.ry -45
.movie 0 80 16 0 v
.restore
.ry 90
.xscale 3 yscale 3 zscale 3
.xtrans 1
.ytrans -.3
.movie 0 80 16 0 contour7
.end



_a' .,,..._,_. [',roOlem oar ,mpacl problem

DO_ ,moat1 prod em Par impsc1 proDlem

1,me • 1.50BBOe.OI 1,me • 2.00000e°01

_11 ' _ Irl"fjl_..... " ....
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bar Impscl problem :,t'_ , bar Impsct problem

t,me . 2.50000e.01 , ,, . i, _Ime • 3 00000e+BI

bar _mDac1 Droble'. bar JmPac_ proDlem
1.me . 3.5_e._I _ me . H.BBBBBe,B

i l_ _Iml'r '
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:a" .'DBC_ D'c:,e._ bar impact'prOblem
" ' S.5_?._e-_l 1,me . 6.BBBBOe,Ol



4

• B9

bar Impacl problem bar Imoact problem

1,me . 6.SBBBBe*Bl i_me , "/.00BBBe,Bl

bar ,mpac1 Droblem bar ,mpBC'lprOblem
t,me . "/.S{)8_]_e,_l llme . B.BBOOBe. Bl
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_+,t'"'_.I'° Of3t'=le_ brlr+,_pb(I |jrOt_l(,m

+.';' _,,P_,_._i"LI_] Ct)nlourvalues , t,me . I.BBBBBe+LII c;r,_(')ur._J,U{'_-,
N. q.9_,;e |)? {, i]. ]gc'-I_,Z

LO''C=+"._3_'eflJ, D1ast,c '3tra,n BI cor_tou¢5of efr. [.)IEI5(,(_5fca_rt ;_ i.(_( _I
' _'q,'e-t,," "' i', ,r+e(emenl 97;' .77e B ro,n,B, ,n ele_e(_1 9'// " +'

w,u.+:,8_[le._1 r,eten,ent 327 [] 33e ,,a=o 9.91:JBe.BI ,n element 3 Jiet('('
• ¢ -q_'_ "'c-l_|e'_I

l'/e C, 7,[I"e,(_:

b,'IBe I 9.Ib_;•{'_I

Dar ,_'CaC'_DroDIem oar ,mpac t probIem
'I,_,._, I.SBBBIBe.BI conlour values i_me • 2,BBBB_e.BI contour walueS

ton;Cu'S of efr. (_last,cstra,n .q,1,23e-B1 contours of efr. plost_c strain B. isle_. 2,75e-B)

g'/2 C .,27e-,I .,n. B. ,n e,e_en, 9"/? D,C'5',_e.:,4,%-u,"_jin elemenl
.Ra'' I.'ifteo_]_,n e_emenY l D. 5,'/Be-B_ max, I 8GBe.BB ,n element

, 7.3Be-Bl i i13e._8,8?e-Bl

, tge+BO $?e,011
.3_e.BB , "/Ie._)O

i

i
' 1_ ' J' .... _ ....... PM m m ...... , .... +I ' '" r_ =,,:i,l+ll_,llp,', ,I _,+;, II FI '[_+'' rr +' <e'+I_,<+l+'+:+l_',,_Fr'+e,+r..... +7 ++P'I_l++T
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bar _mpscl problem bar impacl problem

i_e , 2,50B_OeoOl conlour _alu_ time ' 3,00000e,01 _oniout vsIUe,_
conlour'_ of efr, plast_{: stretch c(lntours of _ff, pls_tJc '_trs_n , ' le,O

l!• ,.,,.°u
' 33eo0_

G, ',56e,OE) G0 /,'hte00ll
"/ge,O@ 11,/, 99e,80

DS" ,mDaCl Drob,e". bsr impact problem
lime . 3 5B_._e._.i conlour values l,me'. 4.0_BOe.BI conlo_r value5

' R 2,?|e-Bl n 2,30e-Ci
COnlours of efr, ID,a_,c s_ra,n B Ll,gSe'Ol COnlOUrS or efr, plast,c sire,n, B 5,15e-_',
m,n. R, ,n e,e_,en_' 972 C "/.68e-Bl m.n, 0, ,n ele_enl 9"/2 C B.E_Ie-_,I

ma., 2,632e.B_ ,n e,e_en_ I D ,8_le.B_. max, ?.TLI2eoBO,n elemenl I D 1,3?e,B_
,32e.BO [ 1,6Ge.O_'

,59e,BO i I,9'_e.B_

G ,BGc•BB
_',.3e.B,_

H, 2.1_le,B8 : 2.51e,0P.
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_8' ,_bdct [_¢oble_ bt_r ,m{,_ll:l proUlem
',,he , q,SD_Oe0@l Cunluur _,_,LW_, t,_e, 5,@_]@@Se,HI contc}ut ,va _,e_,

tontoors of efr. i_la_tJc _tra,n U. 5,2b('*_!1 tontour_ of efr, Ola_l,c _trn,r_ I]. _le

'_,q' O. ,n element 9/." C' 8.,Ge-UI .,r,, 8, ,r, elemer,, 9./? C' 8,!,_i_a,,, 2,TgSe,i]8 ,n element i 6,9' I,HOe,|l_ll'lle'_tl ma,, ?,{t_He,_O ,n atemer_t I _" I' [iti['"

F, I,Gge'P,,C [ [ Gge [tit

I' 2,5Gt',_t ? 5"/e

D_ _mP_CI pr obI em bar , mpact pr ObI em
t,me . S,5B_e._ contour v_lue_ t,me . 6,@_@0@c.@1 contour v_lue_

contours of efr plest_c strain _: _.36e-_I n. 2,36e-_I• ?_e-81 contours of eli. plastic strain B. 5.2_e-_1

•_.. :B_e._ ,ngl e_en' 972 : a:Ige-_l m,n, _, in element 977 C. 8, 9e_lement I ileo_O _ax. 2,BSqe_ in element I D, l,lle._

69e.00 F. I,_ge.BO
". 9ge.B_ G. 1,99e._0

28e._0 H. 2,28e.g_
,57e,88 I' 2,57e.88

I
i



b_ Impect problem ber i_lmct problem

time , 6,500_8e+01 conlour v. lue_ lime , 7,0000_e_01 contour value_

_o,,our,o,o,,.p,.,,_.,_.,. : , g: a._,3_-_,
_n e!eeent 97

_, e,e.en! t j .,n, _:oe,le'_e _n e eme.1 _7

_n eementmaw.

I' _,_?e,_ I, 2,57e,00

ber )mp..,[:1 prOblOm bar _mpi.Ici O,'ot)le_

(;ontour v8 . B._II1(_iStle,tll contou value5

COrliOUr',$ 0)" elf, ptoi1,C 51rein ' contotjr5 Of efr, Dl(tSt,C str,i_n

!i!i;;i_" :BO_le,(1_),n ele,ent I , leIB,_ _aw

, .,()Lt 9e,Bil

28e Oil
21STe _ OB

' " ,, , H

_, ,lr ' ' "I_ ' ' ' rl '111).,,. , , , ii ,.qF',, ,,,, ,i , i _I""Irli,,,,,._r l_ir i ,,, ""'l) II "lrl l _iI ' m _
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INGRID/DYNA3D/TAURUS EARTH PENETRATOR EXAMPLE

.This problem is calculated with 1/4 of the model using
2 planes of symmetry. The hollow projectile consist s of
4 parts,of steel for the casing and 1 part for the fuze
and accesories, The target consists of 2 parts of concrete,
Ali parts are generated by dragging or rotating MAZE parts
froma 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 i=erthpntr

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

i=erthpntr

i! 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, lt 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.

..... , .... r, _, Ir_' N, , Ti ' 41 .... _III1ll
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3d dupl icate of"ax symmeTr c model
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' par,t 2 5 9 1 ] 2 2
drag ro ta 5 0 B 13 0 B I 9B:
si 2, ] ] 2 2 22 m
velo 0 @ -2@78LI.
end
part 9 5 ? I 1 2 3
drag iro1-a 5 @ I_ tZ} 13 13 1 913;
si 2 I I 2 222m
velo @ @ -2@78H.
end
par,t 7 S_q 3 1'2 S
drag ro-ta 5 @ 1313 @ 13 I 9B;
s, 2 I i 2222m
velo @ 13 -2@28H.
end
par,t H 5 14 3 ] 2 213
dr,mo ro-ta 5 0 @ [3@ 13 I 90;
s, 2 I ] 2 2 2 2 m.
s, 1 ] ] 1 22 ] s
velo @ 13 -2@78H.
end
par,t 12 3 lH 1 2 2 3
drag rota 5 13 @ @ @ 13 1 9@;
s, 2 ] ] 2 2 2 ] m
velo @ @ 2@?84.
end
part 22 22 2u_ 25 3 1132 H
drag ro,ta 5 @ 1313 @ 13 1 90;
s, 1 1 1 22 1 2s
s, ] I 22223s
end
par,t 28 25 2H 2G 3 3H -]2 2.@
drag rota S @ @ 13 @ 13 I 913;

" s, ] ] 2 2 2 2 3 m
end
_nd
c use .the command stp .13131
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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

.state 16

.ry 75 rx 30

.movie 0.0015 15 0 v

.m 3

.ry -15

.center

.ytrans -10

.xscale 3 yscale 3 zscale 3 v

.contour 8

.contour 19

.phs2

.matls 1 1

.gather
.retiree 6 1 1
.end
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3ci'dupllcsieof axlsymmetrlc model 3d aupllca_e of 8xlsymmetrlc soc}el
time • B.OOO00e-04 llme • g. OBBOOe-04

30 OupllcB_e of 8xis),mmelr,c mode 3d ,dupl,cale of ax_symmelr,c moc}el

1._me • l.BBBBBe-03 1,_e . 1.18000e-03

3
I

............. " " ....... ::_..... rl _i_i_ _II_ ' "
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3d duplicate of 8x)symmetric model 3d duplbcate.of axisymmetrlc model
11me • 1.2BOBOe-B3 llme • 1.3BBBBe-03

I

3d dupl,cate oF 8x,Symmetr C mode 30 Oupl_cale of ax,symmelr,c model
_ime • 1.40000e-g3 1,me • 1.50BOOe-O3
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Bd dupl icate oF ax symmetric mode

- .73e_@4 l l i i _-'--i....• l l i-- i i-i ...., i i--l r I . _ _ { --f _-'-_ F-- I ....F' _/

,- 74e+_4 ,, /

- 75e484

- 76e;0_

- 77e+8_

- 78e,8_i

- 7ge,BH ''

BSe_BH _

81e,8_

82e,BH

B3e_O_ _.. ' '

.8He,BR _ / -

>.. - .85e,8_ _ /

+- .86e,BH _

.B7e,B_ _
0 - .SBe,8_ _

.89e,BH _ /

> - .gOe.B_ _ / q
- ,.gle.eH

/

>.. q
-C] " .92e.0% _.
0 - .g3e.BH

_CZD ,gHe.8_ _ -]
- .95e,0_ _

L
CZD .g6e.8_
-- ,97e.SH

L ,gBe.8_

p,l .9ge+_1 , , ' , , '-

-2.0ae,BH

-2._le-OH

-2._3e.B_

-2.05e.@H

-2.06e,0_ .-

. -2.67eo01
__j__./__/ __L___J_.. l I J J [ .__.L__L__J__--L__I J

c_

.m#nlfflOm ' -2.0780e+Oq maler ,al l

max ,mum ' -.l. 7246e,Oq _ I fflle

I
iI

II_I 'II" II_,,_ lr ,,, ,_,irl 111 lp
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INGRID/NIKE3D/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 doformed. 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.
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a,pe wh.ip by r _. Ferencz.
qkBd anal. dyn
Oumo o,FF

i mb.sr 1 nbei 1 n ibsr 113 msrF I5

i cJctol .1381 ectol .Bl- ,prr 99 ,plt 1 nstep 2130 term ]13e-3
, mat 1 3 shel I ro 7.298e-H e 3.13e+7
o pr .3 s,cjy 1.13e+S e_an ].13e+5

mat 2 3 shell ro ?.298e-H

e 3.Be+? pr .3 s,9>' 1.13e+5
etan 1.13e+5 endmat
plan 1 0 13 13 1 13 @ .1313l symm
coot 2 rt 8 8 8 rt 1 8 13 sp 1 98 -16

rr. 8 8 25 rt 13 13 26 rt 13 1 25
start -1:1 8 15:1 113 2H 33;
3.3]25 913 188 278 13 18 32 58
c),li th,c . LI32
b ] 1 ] l 1 H 1131313]1
b ] 3 1 1 3 Li 1138811
b ] 2 1 1 2 I 11113130
S,- 1 2 2 ] 3 3 1 1 13 13 0
rota ] 13 8 ?S 8 I_
r epe I : end
start -1;1 29; 1 7 1S;
3.3125 13 368 13 '7 25
cyl i th,c . H32
n-1 1 1 1 2 2 213 13.12.5
b 13 13 3 13 13 3 11]111
b ,13 @ 1 13 13 1 113131311
s,- 1 1 1 1 2 2 1 13 13 13 25
mate 2 repe 2:end end
c use stp ,n ,teract,ve phase

lm

!

i
I

I
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The following is the interactive input to TAURUS after
TAURUS was initialized with the plot files Pom the NIKE3D
run° The period is the prompt from TAURU_ _ormore nput.

.angle 20

.ry-50

.rx 20

.xscale 4 yscale 4 zscale 4

.ytrans 7

.xtrans -2

.movie 0.01 15 0 v

.end
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