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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01 

Run ID: B24PGP3 (anal 

Date/Time: 3/21/00 4:35 A 

ANSYS Version: 5.3 PC3861486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC SI 

Loads Considered: Grapple pull Ioa4 

Analysis Type: *Static 

Materials: *Linear 

Geometry: *Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

ysis) (1)

a

PB24PGP3 (postprocessing) (1)

4/13/20 3:38 AM

r. 4.0

1 450 MHz

*SOLUTION *POST1 

tell Assembly: Shell and bottom end w/o grapple

d (2)

Thermal 

Non-Linear 

Non-Linear

-Other:

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: - _

Checked By:

Michael .Ce

Sfeven R. Striutker

Date: atle 

Date:
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B24PGP3.inp 

/batch, list 
/filname, b24pgp3 
/title,24P-short DSC Shell Assembly (Bottom End, 180 Degree Refined Model) 
/com refined model in region of grapple ring assy, grapple ring assy excluded 
/prep7

/com shell assembly 
et, l,solid45 
et,2,solid45 
et,3,solid45 
et,4,solid45 
! et,5,solid45 
! et,6,solid45 
! et,7,solid45 

et, ll,solid45 

! et,20,contac49 
! r,201,1.OE+07 
! r,202,1.0E+07 
! r,203,1.OE+07 
! keyopt,20,7,1

tref, 410

components
3-D Elastic/Plastic Solid 
3-D Elastic/Plastic Solid 
3-D Elastic/Plastic Solid 
3-D Elastic/Plastic Solid 

3-D Elastic/Plastic Solid 
3-D Elastic/Plastic Solid 
3-D Elastic/Plastic Solid

DSC Lower Shell 
DSC Outer Bottom Cover P1 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
- Bottom Plate Weld 
- DSC Grapple Ring Support 
- DSC Grapple Ring

! 3-D Elastic/Plastic Solid - DSC Upper Shell

3-D point to surface contact elements 
normal stiffness of gap elem btwn plug & shell 
normal stiffness of gap elem btwn plug & outer plate 
normal stiffness of gap elem btwn plug & inner plate 
keyopt (7)-I

! maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (l8Cr-SNi) * 
/ mptemp,1,70,200,300,400,500,600 

dens, 1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.0E+06,26.5E+06,25.SE+06,25.3E+06 ! SA-240 Type 316 
nuxy,l,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ******************* 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.SE+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
nuxy,2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell-.53 
0R-67.19/2 
IR-OR-T shell 
H dsc-186.17 

L otc-H dsc-0.12 

T ibc-0.75 
T~bplug-6.25 
T obc-l.75 
T-bw-0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

L_bplug-Tbplug+Tobc ! bottom shield plug location (top surface) 
L ibc-Tibc+Tbplug+Tobc ! inner bottom cover plate location (top surface)

OR~gr-8 .0 
IR~gr-5.0 
T gr-1.00 
H_gr-3.75 
T_grs-0. 75 
IR_grs-OR_gr-T_grs

outer radius of the grapple ring a support 
inner radius of the grapple ring 
thickness of the grapple ring 
height of the grapple ring 
thickness of the grapple ring support 
inner radius qf the grapple ring support

-- I

! ! 
! 
!

! ! 
! 
! 
!

l ! 
! 
!

! l 
l 
!
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ORload-8.74/2 

/com lower shell keypoints 
k, l,OR-0.25 
k,2, ZR+0.21 
k,3,IR,,Tbw 
k, 4, IR,, L_bplug 
k,5,IR,,Libc 
k, 6, IR,H, Idsc/2 
k,7,OR,,IHidsc/2 
k,eOR, L ibc 
k, 9, OR,, L.bplug 
k,10,OR, ,0.75

! radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,IR-l.4 
k,23,OR_gr ! outer radius of grapple ring 
k,24,IRgrs ! inner radius of grapple ring 
k,26,0,0,0 ! center at bottom surface 
k,28,0,,T obc ! center at top surface 
k,30, IRgrs,,T obc ! line up with KP24 
k,31,ORgr,,T obc ! line up with KP23 
k,32,IR-0.93,,Tobc ! outer radius (chamfer) at top surface

/com bottom shield plug 
k,40,IR,,Tobc 
k,41,0,,TobC 
k,42,0,,Lbplug 
k,43,IR,,L_bplug

/com inner bottom cove 
k, 50, IR,,L bplug 
k, 51, 0,, L bplug 
k,52,0,,Libc 
k, 53, IR, ,Libc 
k,54,IR-0.25,,L bplug 
k,55,IR-0.25,,Libc

keypoints 
I outer radius at bottom surface 

center at bottom surface 
! center at top surface 
I outer radius at top surface

er plate

/com grapple ring keypoints 
k, 60, OR_gr,, -Hgr+T_gr 
k, 61, OR qr,, -HIgr+O.75 
k,62,OR gr-0.25,, -Hgr 
k, 63, IR grs-0.25,, -Hgr 
k, 64, IR gr+O.25,, -H gr 
k, 65, ZRgr,,-Hkgr+0.75 
k, 66, IR_gr, , -H gr+T!gr 
k, 67, IR grs,, ,-Hgr+T gr 
k, 68, IRgrs,, -Hgr+0.75 

/com upper shell keypoints 
k,76,IR,,L otc 
k,77,OR,, Lotc

keypoints 
outer radius at bottom surface 
center radius at bottom surface 
center radius at top surface 
outer radius at top surface 
radius of shield plug contact 
line up with KP54

! interface of grapple ring with support 
I outer chamfer 
! outer bottom surface 

I inner bottom surface 
inner chamfer 

I inner top surface 
! interface of grapple ring with support 

! shell inner top 
! shell outer top

klist

/com meshing *************************************************************** 

/com define arcs to sweep volumes and lines 
lsel,none 
k,200,0,,H-dsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,H_dsc/2 
larc,201,202,200,IR-5

-#4

! ! 
! 
! 
! 
! 
! 
! 
! 
!
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cm, swp_arcl,line 
lesize,swp_arcl,,,26,1 

lsel,none 
k, 203, IR-7,,H dsc/2 
k,204,0, IR-7,H dsc/2 
larc,203,204,200, IR-7 
cm, swparc2,line 
lesizeswp_arc2,,,12,1 
allsel 

/comn lower shell elements 
lsel,none 
asel,none 
vsel,none 
mat, 1 
type, 1 
a, 1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6,7,8 
lsel,r, loc,x, IR+0.0l,OR-0.01 
llist 
lesize,all., 2 
ksel,s,s,,5,6,1 
lalk, s,1 
lesize,all,2.5,,,10 
ksel,s,,,7,8,1 
lslk,s,1 
lesize,all,2.5,,,0.1 
vdrag,all,,,,,,l 
esize,0.5 
vmesh, all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all

26 divisions on "swp arcl" 

! 12 divisions on "swparc2" 

select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
4" to 0.5" element size 
generate volume along line 1 ("swparcl") 
0.5" element height for unmeshed lines

/com outer bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,2 
mat, 1 
a, 21,22,32, 3 
a,22,23,31,32 
a,23,24,30,31 
lsel,r,loc,x,IR-l.4,IR I select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
1sla,3s lines contained in above areas 
lsel,r,loc,x,IRgrs,ORgr ! select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions thru pl thickness & at grapple suppt 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
esize,0.875 ! 0.875" element width for unmeshed lines 
vmesh, all 
vsel,none 
lsla,3s lines contained in above areas 
v,26,24,kp(O,IRxgrs,0),kp(0,IRgrs,0),28,30, kp(0,IRgrs,Tobc),kp(0, IRgrs,T obc) 
ksel,s,,,26,28,2 ! select centerline 
lslk,s,1 I lines containing selected keypoints 
lesize,all,,,2 I 2 divisions thru plate thickness 
vmesh, all 
vsel,s,type,,2

�1

! ! 
! 
! 
! 
! 
! 
! 
!
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cmaoutbotarea 
cm, voutbot,volume 
ksel,all 

/com bottom shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 3 
mat,2 
ksel,a,kp,,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swparc2") 
v, 41,40,kp(0, IR, T_obc),kp(0, IR, T obc),42,43, kp(0,IR-.25,L_bplug),kp(0, IR-.25,L bplug) 
esize,Tbplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug,area 
cm, vbotplug,volume 
ksel,all 

/com inner bottom cover plate elements 
isel,none 
asel,none 
vsel, none 
type, 4 
mat, 1 
a,50,54,55,53 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
v,54,kp(0,IR-0.25,Lbplug),51,51,55,kp(0,IR-0.25,L ibc),52,52 
esize,Tibc/2 ! 2 elements thru platte 
vmesh, all 
cm, ainbot, area 
cm, vinbot,volume 
ksel, all

/com weld of outer bottom cover plate 
isel,none 
asel,none 
vsel,none 
type, 5 
mat, 1 
a,2,21,3,3 
lsel, r, loc,z,0 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
vmesh, all 
cm, abotweld, area 
cm, vbotweld,volume 

/com grapple support elements 
lsel, none 
asel,none 
vsel, none 
type, 6 
mat,l 
a,23, 60, 67,24 
lsel,r,loc,z,-Hgr+Tgr ! select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
vdrag,all,,,,,,1 ! generate volume along line 1 (Oswparcln) 
esize,Tgrs ! element height for unmeshed lines 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup, volume

! /com grapple ring elements
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Isel, none 
asel,none 
vsel,none 
type, 7 
mat, 1 
a,60,61,68,67 

! a,67,68,65,66 
a, 61, 62, 63, 68 
a, 68, 63, 64,65 
lsel,s,loc,z,-Hgr+.l,-Hgr+.7 ' select lines for dividing 
lesize,all,,,1 ! 1 line division 

! vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 
esize,0.75 ! 0.75 element size for unmeshed lines 
vmesh, all 

! cm, agraprng,area 
cm, vgraprng, volume 

allsel 

/com merge nodes for material continuity

esel,s,type,,1,2,1 
esel,a,type,,5,7,1 

allsel,below, elem 
nummrg,node ! lower shell to outer bottom cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,stype,,1,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r, loc, z,Lbplug-.01,Libc+.0l 
nummrg, node ! upper & lower welds of inner bottom cover plate

! cartesian coordinatescsys, 0 
allsel

/com reflect quarter geometry to generate half model

*get,maxnode,node,,num,max 
nsym, x,maxnode, all 
esym,,maxnode,all 

*do,i,l,7,1 
/gopr 
esel,s,type,,i 
nsle 
nummrg, node 

*enddo 

/com define contact elements 
/com bottom end plates

esel, s, type,,, 
allsel,below, elem 
cm, contl, node 

esel,a0type, , 2 
allsel, below, elem

! get maximum node number 
! reflect all nodes 
! reflect all elements 

! merge nodes at line of symmetry (bottom shell components)

! nodes of lower shell

���1
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cm, cont2, node 
csys, 1 
nsel,r,loc,x,IR-.94,IR-.92 
csys, 0 
cm, cont2a, node 

esel, s, type,, 4 
allsel,below, elem 
cm, cont4,node

nodes of outer bottom cover plate 
cylindrical coordinates 

cartesian coordinates 
! nodes of outer bottom cover plate at IR-.93 

! nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-.25 
esel, s,type,,4 
allsel,below,elem 
csys,l ! cylindrical coordinates 
nsel,r, loc,x, IR-0.26, IR-0.24 
csys,O 1 cartesian coordinates 
cm, cont4a,node ! inner bottom cover plate nodes at IR-.25

csys, 1 

esel, s,type,,3 
allsel,below, elem 
nsel, r,loc,x, IR 
cm, targ3l,node

! cylindrical coordinates

! bottom shield plug circumferential nodes

allsel,below, elem 
nsel,r, loc, z, Tobc 
nsel,u,locx,l1/12*IR+.l,IR+.0l ! unselect outer row of contact elements 
cm, targ32,node ! bottom shield plug bottom surface nodes (w/o outer row)

allsel,below,elem 
nsel,r,loc,z,Tobc 
nsel,r,loc,xll/12*1R-.5,IR+.0l ! one outer row of contact elements 
cm, targ32a,node ! bottom shield plug bottom surface nodes (outer row) 

allsel,below, elem 
nsel,r, loc, z,LIbplug 
nsel,u,1Oc,x,1f/12*IR+.l,IR+.0l ! unselect outer row of contact elements 
cm, targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
al1sel,below,elem 
nsel, r, loc, z,L bplug 
nsel,r,loc,x,l1/12*IR-.5,IR+.0l ! one outer row of contact elements 
cm, targ34a, node ! bottom shield plug top surface nodes (outer row)

csys, 0 ! cartesian coordinates

allsel 
! type,20 

real,201 
gcgen, contl,targ31,1 
real,202 
gcgen,cont2,targ32,1 
gcgen,cont2a,targ32a, l 

! real,203 
gcgen, cont4,targ34,1 
gcgen, cont4a, targ34a,1

! generate contact elem btwn plug a shell 

! generate contact elem btwn plug G outer plate 
! gen contact btwn plug & outer pl (outer ring) 

! generate contact elem btwn plug & inner plate 
! gen contact btwn plug & inner pl (outer ring)

/com compress node and element numbering 
numcmp, node 
numcmp, elem 

/com specify symmetric boundary conditions



o TRANSNUCLEAR, INC.  
R TN VWEST

PROJECT NO: SCE-01 REVISION: 0 
/CALCULATION NO: SCE-01.0204I PAGE: A26-9 of A26-16

nsel,s,loc,y,-.01,.01 
d,all,uy,0 ! symmetry about x-z plane 
alsel 

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 ! shell now ends at mid-height 
d,all,uz 
allsel 

/com restrain center nodes for stability 
nsel, r,loc,x,0,0.l 
nsel, r, loc,y,0,0.1 
d, all,ux, 0 
allsel 

/com uz couple two shield plug nodes to inner cover plate for stability 
/com ***** valid for grapple pull w/o contact elements * 
nsel,s,loc, z,Lbplug-.01,L-bplug+.0l 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel, r, loc,y,0 
cp, next,uz,all 
! cp,next,ux,all 
nsel,s,loc,z,Lbplug-.01,L_bplug+.0l 
nsel,r, loc,x,-IR-.01,-IR+.0l 
nsel, r, loc, y, 0 
cp, next, uz,all 
al1sel 

save 

fini 

/solution 

/com analysis parameters 
antype, static 
eqslv,pcg, le-7 

nropt,auto 
pred,on.,on 
autots,on 
nlgeom,on 
neqit,500 

/com load step 1 - 60 kip tens. load at grap.ring suppt w/axisymmetric reststraint 
/title,24P-s DSC (Bot.End) 60k at grap.ring suppt (outer cover pinned) 
! nsubst,l,8 
csysl ! cylindrical coordinates 
load--60000/2 
esel,s,type,,2 
nsle 
nsel, r, loc, z, 0 
nsel,r,loc,x,IR grs-.l,ORgr+.l ! select 3 rows under grapple ring support 
f,all,fz,load/53/3 ! force for 3*53 nodes 
csys,0 ! cartesian coordinates 
alsel 
bswrite 
save 
solve 
save 

fini 

/exit
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/eof
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PB24PGP3.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com grapple tension load (w/o grapple assembly) 
resume,b24pgp3,db 
/postl 
file,b24pgp3,rst 

/com element plots----------------------------------------------------------
/show,pb24pgp3,pic,l plot to file 
/triad,lbot ! triad in lower left corner 
/device,vector,l ! vector plots 
/hum,2 ! numbers, no colors 
/vupl,-x ! x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 ! precise hidden 
esel,u,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom, l, rect,-0.94,0.60,0.0,-0.80 
/show, off ! discontinue plots to file 
/auto,1 ! zoom - fit 

csysl ! cylindrical coordinate system 
dsys,l 
rsys,1 

*do,iset,l,l ! define steps to postprocess 
/go 
set,iset 

/com DSC Lower Shell Poatl Results-------------------------------------------
esel,s,type,,l 
nsle 
nsel,r,loc,x,OR-.0l,0R+.01 
nsel,r,loc,z,0.8,L ibc+5 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r,loc,x,IR-.Ol,IR+.Ol 
nsel,r,loc,z,Tbw+.1,Libc+5 
cm, reminner,node ! inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode-node(0,0,0) 
*get,xt, node, node, loc,x 
*getyt, nodeinode, locy 
*get, zt, node, node, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(OR,yt, zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,,l 
nsle 
nlist,inode, onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nselu,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 
/com
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/com shell adjacent to DSC end components 
*do,theta,0,180,90/26 ! sections at 3.46 degree intervals 
esel,s,type,,l 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r, type,,l 
nsle 

*do,ix,1IR+.21,OR-.25,OR-.25-(IR+.21) 
inode-node(IR, theta,Tbw) 
onode-node(ix, theta, 0) 
nlist, inode, onode,onode-inode 
Ipath, inode, onode 
prsect 

*enddo 
*do,iz,.75/2,.75,.75/2 

inode-node(IR, theta,Tbw) 
onode-node(OR, theta,iz) 
nlist, node,onode,onode-mnode 
ipath, node,onode 
prsect 

*enddo 
/com 
/com shell at mid-height 

inode-node(IR, theta,H dsc/2) 
onode-node(OR, theta,CHdsc/2) 
nlist,inode, onode,onode-inode 
lpath, node, onode 
prsect 

*enddo ! theta loop

/com DSC Outer Bottom Cover Plate Postl Results 
esel,s,type, ,2 
ns le 
nsel, r, loc, z, 0 
nsel, r, loc,x,0, IR-i.3 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r,loc,z,T obc-.01,T obc+.0i 
nsel,r, loc, x,0,IR-0.9 
cm, reminner, node ! inner surface nodes 
*get,totnode, node,,count 
*do, i,l, totnode, l 

!/gopr 
inode-node(0,O,T obc) 
*get,xt,node, inode, loc,x 
*get,yt, node, nodeloc,y 
*get,zt,node, inode, loc, z 
cmsel,s,outer ! select outer surface nr 
onode-node(xt, yt,0) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,,2 
nsle 
nlist,inode,onode, onode-inode 
lpath, node,onode 
prsect 
cmsel,s,reminner ! select remaining inner 
nsel,u,node,,inode ! unselect Ipath nodes 
cm, reminner,node 

*enddo 
/com 
/com outer cover plate adjacent to DSC end components

odes

surface nodes

0

I PAGE: A2.6-12 of A26-16
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*dotheta,0,180,90/26 I sections at 3.46 degree intervals 
esel, s,type,,2 
nsle 
nsel, r, loc,y, theta-l,theta+l 
esln 
esel,r, type,,.2 
nsle 

inode-node(IR-.46, theta, 1.19) 
onode-node(IR-.95,theta, 0) 
nlist,anode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode-node(IR, theta,Tbw) 
onode-node(IR-.49,theta, 0) 
nlist,inode,onode, onode-mnode 
lpath, node,onode 
prsect 

*enddo ! theta loop 

/com DSC Bottom Shield Plug Poast Results 
esel,s,type,,3 
nsle 
nsel,r,loc,z,Tobc-.01,Tobc+.01 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r,loc, z,L_bplug-.01,Lbplug+.01 
cm, reminner,node ! inner surface nodes 
*get, totnode, node,,count 
*do, i,l,totnode, 1 

!/gopr 
inode-node(0,0, L_bplug) 
*get,xtnode, inode, loc,x 
*get,ytnodeinodeloc,y 
*get, zt,node, inode, loc, z 
cmseis,outer I select outer surface nodes 
onode-node(xt,yt,T-obc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln ! select elem attached to nodes twice to capture 3 thru thickness 
esel,r, type,,3 
nsle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect Ipath nodes 
cm, reminner, node 

*enddo 

/com DSC Inner Bottom Cover Plate Posti Results 
esel,s,type,,4 
nsle 
nsel,r, loc, z,Lbplug-.01,L bplug+.01 
cm, outer, node ! outer surface nodes 
nsle 
nselir,loc,z,L_ibc-.01,L-ibc+.0l 
cm, reminner,node ! inner surface nodes (1 *get, totnode, node,, count 
*do, i, 1, totnode, 1 

! /gopr 
inode-node(0,O,L ibc) 
*get, xt, node, inode, loc, x
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*get, yt, node, inode, loc, y 
*get, zt, node, inode, loc, z 
cmsels,outer ! select outer surface nodes 
onode-node (xt, yt, Lbplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 4 
nsle 
nlist, inode,onode, onode-inode 
ipath, inode, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect ipath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate------------------------
Icom 
/com bottom row of nodes 
esel, s, type,, 4 
nsle 
nsel, r, loc, x, IR-.01, IR+.0l 
nsel,r,loc, z,Lbplug-.01,L_bplug+.0l 
spoint,,.01,.01, 0 summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com mid row of nodes 
nsle 
nsel,r,loc,x,IR-.i,IR+.1 
nsel, r, loc, z, Lbplug+. 1, Libc-. 1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/con top row of nodes 
nsle 
nsel,r,loc,x,IR-.i,IR+.l 
nsel,r,loc,z,L ibc-.l,L ibc+.l 
spoint,,.01,.0,0 - summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Outer Bottom Cover Plate------------------------
esel, s, type, .2,5,3 
nsle 
nsel, r, loc,x,IR-.01,IR+.01 
nsel,r,loc,z,T bw-. 0,T_bw+.0l 
spoint,,.01, .01,o I summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height--------------------------------------
nsel,s,loc,z,H_dsc/2-.l,H dsc/2+.l 
nlist 
prrsol, fz 

allsel 

/com Stress Plots------------------------------------------------------------
b•_' /num,O ! numbers and colors 

/device,vector,0 ! raster plots 
ernorm, off
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dsys, 0 
/show, file,,O 
! /edge,,l,lO 

/dscale,,auto

! plot to file 
! edge plot 

displacement scale

/com all elements (excluding contact elements) 
esel,u, type,,20 ! unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O plot stress intensity 
/zoom, l,rect,-0.94,0.60,0.0,-0.80 
/auto,l ! zooM - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-1.02,0.71,-0.07,-0.77 
/autol ! zoom - fit

/dscale,, 1 ! displacement scale

/com shell elements 
esel,s,type,,l 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,2 
nile 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate weld elements 
esel,s,type,,5 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,s,type,,3 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/coam inner cover plate elements 
esels,type,,4 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys,l 

*enddo 

allsel

! end load step loop



-- TRANSNUCLEAR, INC.  
D TN WEST

'ROJECT NO:
-CALCULATION NO:

SCE-01 I REVISION:
SCE-01.0204 I PAGE:

0
A26-16 of A26-16

fini

exit, nosave

-I
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PTHG (anal 

Date/Time: 6/14/00 8:47 Ph 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver, 

CPU: Dual Pentium-Ill 

Analysis Modules Used: IPREP7 

Component Analyzed: 24P-FO DSC Shi 

Loads Considered: Grapple pull load 

Analysis Type: AStatic 

Materials: ILinear 

Geometry: !Unear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

6sis) (13 PB24PTHG (postprocessing) (1)

6/15/00 1:15 AM

.4.0

450 MHz_

!SOLUTION SPOST1 

1l1 Assembly: Shell and bottom end components

+ thermal load cases ()

Thermal 

Non-Linear 

Non-Linear

Other:

Combin14: 3-D spring damper

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: _. •'A'-

Checked By:
(teivend R. Streutker -

Date: f 4! 4 

Date:

1Lf ROJECT NO:
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B24PTEG.inp 

/batch, list 
Ifilname,b24pthg 
/title,24P-short DSC Shell Assembly (Bottom End, 180 Degree Refined Model) 
/com refined model in region of grapple ring assembly 
/prep7

/com shell assembly 
et,l,solid45 
et,2,solid45 
et,3,solid45 
et,4,solid45 
et,5,solid45 
et,6,solid45 
et,7,solid45 

et,ll,solid45 

!et,20,contac49 
!r,201,1.OE+07 
lr,202,1.OE+06 
!r,203,1.0E+06 
!keyopt,20,7,1

et,22,combinl4 
keyopt,22,2,3 
r,22,50

components 
! 3-D Elastic/Plastic 
1 3-D Elastic/Plastic 
! 3-D Elastic/Plastic 
! 3-D Elastic/Plastic 
! 3-D Elastic/Plastic 
! 3-D Elastic/Plastic 
! 3-D Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover P1 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

! 3-D Elastic/Plastic Solid - DSC Upper Shell

3-D point to surface contact elements 
normal stiffness of gap elem btwn plug a shell 
norm stiffness of gap elem btwn plug a outer plate 
norm stiffness of gap elem btwn plug & inner plate 
keyopt (7)-l

3-D spring-damper for shield plug stability 
uz direction only 
50 lb/in

tref, 70 ! reference temperature

/com material 1 - DSC Shell: SA-240 Type 316 (l8Cr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
dens, 1,493/1728 
mpdata,ex, 1,1,28.3E+06,27.6E+06,27.0E+06,26.5E+06,25.BE+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,1,0,8.76E-06,8.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ****** 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1729 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29

csys, 0 

/com•geometry 
T shell-.53 
OR-67.19/2 
IR-OR-T shell 
H-dsc-196.17 

L otc-H dsc-0.12 

T ibc-0.75 
.T_bplug-6.25 
T obc-1.75 
T-bw-0.625

! cartesian coordinates

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom-shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

Lbplug-Tbplug+Tobc ! bottom shield plug location (top surface) 
Ltibc-Tibc+Tbplug+T-obc ! inner bottom cover-plate location (top surface)

J

! ! 
! 
! 
!

! ! 
!

! ! 
! 
!

! ! 
! 
!
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ORgr-8 .0 
IRgr-5.0 
T_gr-1.00 
H_gr-3.75 
T_grs=O-.75 
IRgrs-ORgr-Tgrs 
OR load-8.74/2

/com lower shell keypoints 
k, I,OR-0.25 
k,2, IR+0.21 
k,3,IR,,T_bw 
k, 4, IR,, CLbplug 
k,5,IR,,L ibc 
k, 6, IR,, H~dsc/2 
k,7,OR,,H..dsc/2 
k,8,OR,,L_ibc 
k, 9, OR,#, L_bplug 
k,10,OR,,0.75

outer radius of the grapple ring & support 
inner radius of the grapple ring 
thickness of the grapple ring 
height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,IR-1.4 
k,23,OR_gr ! outer radius of grapple ring 
k,24,IR_grs ! inner radius of grapple ring 
k,26,0,0,0 I center at bottom surface 
k,28,0,,Tobc ! center at top surface 
k,30,IR_grs,,T obc ! line up with KP24 
k,31,OR_gr,,T obc ! line up with KP23 
k,32,IR-0.93,,T_obc ! outer radius (chamfer) at top surface 

/com bottom shield plug keypoints 
k, 40, IR,,Tobc ! outer radius at bottom surface 
k,41,0,,Tabc ! center at bottom surface 
k,42,0,,L bplug I center at top surface 
k,43,IR,,L-bplug ! outer radius at top surface 

/com inner bottom cover plate keypoints 
k,50,IR,,L-bplug ! outer radius at bottom surface 
k,51,0,,Lbplug ! center radius at bottom surface 
k,52,0,,Libc ! center radius at top surface 
k,53,IR,,Libc ! outer radius at top surface 
k,54,IR-0.25,,Lbplug ! radius of shield plug contact 
k,55,IR-0.25,,Libc I line up with KP54

/com grapple ring keypoints 
k, 60, OR._gr,,-H gr+T._gr 
k, 61, ORgr,,-H gr+0.75 
k, 62, OR._gr-0. 25,, -N~gr 
k, 63, ZRgrs-0.25,,-Hgr 
k,64,IR_gr+0.25,,-Hgr 
k,65,IR_gr,,-H gr+0.75 
k, 66, IRgr,, -Hgr+Tgr 
k, 67, IRgrs,, -_gr+Tgr 
k, 68, IRgrs,, -H_gr+O.75 

/com upper shell keypoints 
k,76,IR,,L otc 
k,77,OR,,L-otc

interface of grapple 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
inner top surface 
interface of grapple

ring with support 

ring with support

! shell inner top 
! shell outer top

klist

/com meshing ****************************************************************

! ! 
! 
! 
! 
! 
!

I I 
I 
I 
I 
! 
! 
! 
I 
I

! ! 
! 

! 
I 
! 
I
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/com define arcs to sweep volumes and lines lsel, none 
k, 200, 0,, ,Idsc/2 
k,201, IR-5,, Hdsc/2 
k, 202,0, IR-5, Hdsc/2 
larc, 201,202,200, IR-5 
cm,swp_arcl,line 
lesize,swp_arcl,,,26,1 ! 26 divisions on "swp_arcl"

Isel,none 
k,203,IR-7,,H_dsc/2 
k,204,0, IR-7,WHdsc/2 
larc, 203,204,200, IR-7 
cm, swp_arc2,line 
lesize,swparc2,,,12,1 ! 12 divis 
allsel 

/com lower shell elements 
Isel,none 
asel,none 
vsel,none 
mat, 1 
type, 1 
a,1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6,7,8 
lsel,r,loc,x,IR+0.01,OR-0.0l ! select 1 
llist 
lesize,all,,,2 ! 2 divisJ 
ksel,s,,,5,6,1 ! select c 
lslk,s,l ! lines cc 
lesize,all,2.5,,,10 ! 0.5" to 
ksel,s,,,7,8,1 ! select c 
lslk,s,l ! lines cc 
lesize,all,2.5,,,0.1 ! 4" to 0.  
vdrag,all,,,,,,l ! generatq 
esize,0.5 ! 0.5" eli 
vmesh, all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all 

/com outer bottom cover plate elements 
isel,none 
asel,none 
vsel,none 
type, 2 
mat, l 
a, 21, 22, 32,3 
a,22,23,31,32 
a,23,24,30,31 
lsel,r,loc,x,IR-l.4,IR ! select 
llist 
lesize,all,,,2 ! 2 divis3 
lsla,s ! lines c 
lsel, r, loc, x, IR_grs,ORgr ! select 
llist 
lesize,all,,,2 ! 2 divis: 
vdrag,all,,,,,l ! generati 
esize,0.875 ! 0.875" 4 
vmesh, all 
vsel,none 
lsla,s ! lines c

ions on "swp_arc2" 

.ines for dividing

aons thru shell thickness 
:entral shell line (inner) 
rntaining selected keypoints 
4" element size 
:entral shell line (outer) 
rntaining selected keypoints 
.5" element size 

volume along line 1 ("swp arcl") 
bment height for unmeshed lines 

lines for dividing 

Lons for selected lines 
ontained in above areas 
lines for dividing 

ions thru pl thickness a at grapple suppt 
a volume along line 1 ("swp arcl") 
element width for unmeshed lines

ontained in above areas
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v,26,24,kp(0,IR_grs, 0), kp (0, IR_grs,O),28,30,kp(0,IRgrsT obc),kp(0,IRgrs,T obc) 
ksel,s,,,26,28,2 ! select centerline 
lslk,s,1 ! lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness 
vmesh,all 
vsel,s, type,,2 
cm, aoutbot,area 
cm, voutbot,volume 
ksel,all 

/cam bottom shield plug elements 
lsel,none 
asel,none 
vsel,none 
type,3 
mat,2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swparc2") 
v,41,40,kp(0,IR, T_obc),kp(0,IR,T obc),42,43,kp(0,IR-.25, Lbplug),kp(0,IR-.25,Lbplug) 
esize,T_bplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug, area 
cm, vbotplug,volume 
ksel,all 

/com inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,4 
mat, l 
a,50,54,55,53 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
v,54,kp(0,IR-0.25,L-bplug),51,51,55,kp(0,IR-0.25, L_ibc),52,52 
esize,Tibc/2 I 2 elements thru plate 
vmesh, all 
cm, ainbot,area 
cm, vinbot,volume 
ksel,all 

/cam weld of outer bottom cover plate 
lsel,none 
asel,none 
vsel,none 
type, 5 
mat, 1 
a,2,21,3,3 
lsel, r, loc, z, 0 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,l ! generate volume along line I ("swparcl") 
vmesh, all 
cm, abotweld, area 
cm, vbotweld, volume

/com grapple support elements 
lsel,none 
asel,none 
vsel,none 
type, 6 
mat, 1 
a, 23, 60, 67,24 
Isel, r, loc, z,-H gr+T gr 
lesize,all, , ,2 
vdrag, all,,,,,,l

! select lines for dividing 
! 2 divisions thrU support ring thickness 

generate vplume along line I ("swparcl")

-3

ci
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esizeT_grs ! element height for unmeshed lines 
vmesh,all 
cm, agrapsup, area 
cm, vgrapsup, volume 

/com grapple ring elements 
lsel, none 
asel, none 
vsel, none 
type,7 
mat, 1 
a, 60, 61, 68, 67 
a,67,68,65, 66 
a, 61, 62, 63, 68 
a, 68,63,64,65 
lsel,s,loc,z,-Hgr+.l,-H gr+.7 I select lines for dividing 
lesize,all,,, 1 1 line division 
vdrag,all,,,,,, 1! generate volume along line 1 ("swp_arcl") 
esize,0.75 I 0.75 element size for unmeshed lines 
vmesh, all 
cm, agraprng, area 
cm, vgraprng, volume

allsel 

/com merge nodes for material continuity

esel,s,type,,l,2,1 
esel,a, type,,5,7,1 
allsel,below, elem 
nummrg, node ! lower shell to weld to outer bottom cover plate 

& outer bottom cover to grapple ring components

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,s,type,,1,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r, loc, z,Lbplug-.01,L ibc+.01 
nummrg, node ! upper & lower welds of inner bottom cover plate

csys, 0 
allsel

! cartesian coordinates

/com reflect quarter geometry to generate half model

*get,maxnode,node,,num,max 
nsym, x,maxnode, all 
esym,,maxnode,all 

*do,i,l,7,1 
/gopr 
esel,s,type,,i 
nsle 
nummrg,node 

*enddo 

S/com define contact elements 
/com bottom end plates

! get maximum node number 
! reflect all nodes 
! reflect all elements 

! merge nodes at line of symmetry (bottom shell components)



S -TRANSNUCLEARy INC.  1W VWEST

(~ PROJECT NO: SCE-OI 
ALCULATION NO: SCE-)1.0204

esels,type,,1 
allsel,below,elem 
cmcontl,node 

esels,type, ,2 
allsel,below, elem 
cm, cont2,node 
cSysl 
nsel,r,loc,x,IR-.94,IR-.92 
csys,0 
cm, cont2a,node

esel,s,type,,4 
allsel,below,elem 
cm, cont4,node

IREVISION: 0
I PAGE: A27-8 of A27-18

nodes of lower shell 

nodes of outer bottom cover plate 
cylindrical coordinates 

cartesian coordinates 
! nodes of outer bottom cover plate at IR-.93

! nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-.25 
esel,s,type, ,4 
allsel,below, elem 
csysl ! cylindrical coordinates 
nsel, r, loc,x, IR-0.26, IR-0.24 
csys,0 ! cartesian coordinates 
cm, cont4a, node ! inner bottom cover plate nodes at IR-.25

csys, 1 ! cylindrical coordinates

esel,s,type,,3 
allsel,below, elem 
nsel,r, loc,x, ZR 
cm, targ3l,node ! bottom shield plug circumferential nodes

allsel,below, elem 
nsel, r, loc, z,T obc 
nsel,u,loc,x~ll/12*IR+.l,IR+.0l ! unselect outer row of contact elements 
cm, targ32,node ! bottom shield plug bottom surface nodes (w/o outer row)

allsel,below, elem 
nsel, r, loc, z,T obc 
nsel,r,loc,x,1•/12*IR-.5,IR+.0l ! one outer row of contact elements 
cm, targ32a, node ! bottom shield plug bottom surface nodes (outer row) 

allsel,below,elem 
nsel,r,loc,z,L bplug 
nsel,u,loc,x,21/12*IR+.l,IR+.0l ! unselect outer row of contact elements 
cm, targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
allsel,below, elem 
nsel,r, loc,z, Lbplug 
nsel,r,loc,xll/12*IR-.5,IR+.0l ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes (outer row)

csys, 0 ! cartesian coordinates

allsel 
!type, 20 
! real,201 
! gcgen,contl,targ3l,1 
real, 202 

! gcgen,cont2,targ32,1 
!gcgen, cont2a, targ32a, l 
!real,203 
!gcgencont4,targ34,1

generate contact elem btwn plug & shell 

!.generate contact elem btwn plug G outer plate 
! gen contact btwn plug a outer pl (outer ring) 

! generate contact elem btwn plug & inner plate
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!gcgen,cont4a,targ34a,l ! gen contact btwn plug & inner pl (outer ring) 

/com Define soft springs to stabilize shield plug (connect to inner cover plate) 
/com Valid for thermal + grapple 
allsel 
esel, s, type, ,3 
nale 
nodeli-node(IR,0,Lbplug) 
node21-node(-IR,0,L_bplug) 
esel,stype,,4 
nsle 
nodelJ-node (R, 0,L_bplug) 
node2j-node(-IR, 0,L_bplug) 
type, 22 
real, 22 
nsel, all 
e,nodeli,nodelj 
e,node2i,node2j 

!/com compress node and element numbering 
!allsel 
!numcmp, node 
!numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.01 
d,all,uy,O ! symmetry about x-z plane 
allsel 

/com end of shell boundary conditions 
nsel,s,loc,z,H_dsc/2 ! shell ends at mid-height 
d,all,uz 
nsel,r,loc,x,OR-.0l,OR+.01 
nsel,r,loc,y,O,.01 
d,all,ux 
allsel 

/com ux couple shield plug to DSC shell for stability (one location) 
/com ********* valid for temp & grapple loading * 

esel,stype,,l,3,2 
nsle 
nsel, r, loc,x, IR-.01,IR+.01 
nsel,r,locy,0,.01 
nsel, r, loc, z,L_bplug-.01,Lbplug+.01 
cp, next,ux, all 

allsel 

save 

fini 

/solution 

/com analysis parameters 
antype,static 
eqslv, pcg, le-7 
.!nropt,auto 
! pred, on,,on 
!autots,on 
!nlgeom, on 
!neqit, 50
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/com load step 1, 60 kip grapple load 
/title, 24P-FO DSC (Bottom End) 60k Grapple 
!nsubst, 1,8 
pload=-60000/2 
csys,1 ! cylindrical 
nsel,s, loc, z,-Hgr+Tgr 
nsel,r,loc,x,IR_gr+0.7,IR_gr+l.6 I select 2 rows of 19 mid-outer row nodes 
nsel, r, loc, y, 90-32,90+32 
f,all, fzpload/2/19 

allsel 
csys,O 

lswrite ! end of load step 1 
save 
solve 
save 

/com load step 2, 60 kip grapple load + Temperature Case 15, -40 deg Ambient 
/title, 24P-FO DSC (Bottom End) 60k Grapple + Temp Case 15, -40 deg Ambient 
!nsubst, 1,8 
csys, l ! cylindrical 

/com read input from thermal results file 
ldread, temp, 1,,, ,b24ther2,rth, t:\fo-dsc\NewANSYS\bot\

! end of load step 2lswrite 
save 
solve 
save

/com load step 3, Temperature Case 16, 104 deg Ambient 
/title, 24P-FO DSC (Bottom End) 60k Grapple + Temp Case 16, 104 deg Ambient 
!nsubst, 1,8 
csys, 1 

/com read input from thermal results file 
ldread, temp,2,,,,b24ther2, rth, t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys, 0 

lswrite ! end of load step 3
save 
solve 
save

/com load step 4, Temperature Case 26, 117 deg Ambient 
/title, 24P-FO DSC (Bottom End) 60k Grapple + Temp Case 26, 117 deg Ambient 
!nsubst,l,8 
csys,1 

/com read input from thermal results file 
ldread, temp, 3,,,,b24ther2,rth, t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys,0

lswrite 
save 
solve 
save 

fini

! end of load step 4

/
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/exit 

/eof

/

- �d

0
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PB24PTHG.inp 

/batch,list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com grapple + thermal load 
resume,b24pthg, db 
/postl 
file,b24pthg,rat 

/com element plots----------------------------------------------------------
/show,pb24pthg,pic,1 ! plot to file 
/triad,lbot ! triad in lower left corner 
/device,vector,l ! vector plots 
/num,2 ! numbers, no colors 
/vup,l,-x ! x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 ! precise hidden 
esel,u,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom,l,rect,-0.94,0.60,0.0,-0.80 
/show,off ! discontinue plots to file 
/auto,l ! zoom - fit 

csysl ! cylindrical coordinate system 
dsys,l 
rsys,1 

*do, iset, 1,4 ! define steps to postprocess 
/go 
set,iset 

/com DSC Lower Shell Postl Results-------------------------------------------
esels,type, ,1 
nsle 
nsel,r,loc,xOR-.0l,0R+.0l 
nsel,r, loc, z,0.8,L-ibc+5 
cm, outer,node ! outer surface nodes 
nsle 
nsel,rloc,x, IR-.01,IR+.01 
nsel,rlocz,T_bw+.l,Libc+5 
cm, reminner, node ! inner surface nodes 
*get, totnode, node,,count 
*do, i,l, totnode, l 

!/gopr 
inode-node(0,0,0) 
*get, xt, node, node, locx 
*get,yt,node,inode, loc,y 
*get,zt,node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(OR,yt, zt) 
nsel, s,node,,inode 
nsel, a,node,,onode 
esln 
esel,r, type,,1 
nale 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect ipath nodes 
cm, reminner,node 

*enddo 
/com



- TRANSNUCLEARy INC.  7W WNEWT

I 1OJECT NO: SCE-01 
TCALCULATION NO: SCE-01.0204

I REVISION:
I PAGE:

0
A27-13 of A27-18

/com shell adjacent to DSC end components 
*do,theta,0,180,90/26 ! sections at 3.46 degree intervals 
esel,s,type,,1 
nsle 
nsel,r, loc, y, theta-l,theta+l 
es In 
esel,r, type,,1 
nsle 

*do, ix, IR+.21,OR-.25,OR-.25-(IR+.21) 
inode-node(IR, theta,T bw) 
onode-node(ixtheta, 0) 
nlist, inode,onode, onode-mnode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,.75/2,.75,.75/2 

mnode-node(IR, theta, Tbw) 
onode-node(OR, theta, iz) 
nlist,inode, onode, onode-inode 
ipath, inode, onode 
prsect 

*enddo 
/com 
/com shell at mid-height 

mnode-node(IR, theta,H_dsc/2) 
onode-nodeCOR,theta,H dsc/2) 
nli3st,jnode,onode, onode-mnode 
Ipath, inode,onode 
prsect 

*enddo ! theta loop

/com DSC Outer Bottom Cover Plate Postl Results- 
esel,s,type,,2 
nale 
nsel,r, loc, z,0 
nsel,r, loc,x,O,ZR-l.3 
cmuouter,node ! outer surface nodes 
nsle 
nsel,r,loc,z,T obc-.01,T obc+.0l 
nsel, r, loc,x, 0,ZR-0.9 
cm, reminner, node ! inner surface nodes 
*get,totnode, node,,count 
*do, i,l,totnode,l 

!/gopr 
inode-node(O,O,T-obc) 
*get, xt,node,inode,loc,x 
*get,yt, node, node,loc, y 
*get,zt, node, node, loc,z 
cmsel,s,outer ! select outer surface n 
onode-node(xt,yt, 0) 
nsel, a, node,,inode 
nsela,node,,onode 
esaln 
esel,r, type,,2 
nsle 
nlist,inode,onode, onode-inode 
Ipath, node, onode 
prsect 
cmsel,s,reminner ! select remaining inner 
nsel,u,node,,inode ! unselect ipath nodes 
cm, reminner, node 

'enddo 
/com 
/com outer cover plate adjacent to DSC end components

odes

surface nodes
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*do, theta,O,180,90/26 ! sections at 3.46 degree intervals 
esel,s,type,,2 
ns le 
nsel, r, loc,y,theta-l,theta+l 
esln 
esel,r,type,.2 
nsle 

inode-node(IR-.46,theta, 1.19) 
onode-node(IR-.95,theta,0) 
nlist, node,onode, onode-inode 
lpath, inode, onode 
prsect 
inode-node(IR, theta,T.bw) 
onode-node(IR-.49,theta,0) 
nlist, inode,onode, onode-inode 
1path, inode, onode 
prsect 

*enddo ! theta loop 
/com DSC Outer Bottom Cover Plate Weld Postl Results--------------------------
*do,theta, 0, 180,90/26 ! sections at 3.46 degree intervals 
esel,s,type,.5 
nale 
nsel,r, loc, y, theta-l,theta+l 
esln 
esel, r, type,, 5 
nsle 
*do,ix,IR-.49,IR+.21,(.49+.21)/2 

inode-node(IR, theta,T_bw) 
onode-node(ix, theta,0) 
nlist, inode,onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
*enddo ! theta loop 

/com DSC Bottom Shield Plug Postl Results 
esel,s,type,,3 
ns le 
nsel,r,loc,z,Tobc-.01,Tobc+.0l 
cm, outer,node outer surface nodes 
nsle 
nsel,r, loc,z,L bplug-.01,L bplug+.01 
cm, reminner, node ! inner surface nodes 
*get,totnode,node, ,count 
*do,i,l,totnode,l 

!/gopr 
inode-node(0,0,L bplug) 
*get,xt,node,inode, loc,x 
*get,yt,node, inode, loc,y 
*get, zt,nodeinode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(xt,yt,Tobc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln ! select elem attached to nodes twice to capture 3 thru thickness 
esel,r, type,,3 
nsle 
nlist,inode, onode,onode-inode r lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes
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nselu,node,,inode ! unselect ipath nodes 
cm, reminner, node 

*enddo 

/com DSC Inner Bottom Cover Plate Postl Results 
esel,s,type,,4 
nsle 
nsel,r,loc, z,L bpluq-.01,L bplug+.Ol 
cm, outer, node ! outer surface nodes 
nsle 
nsel, r, loc,z,L ibc-.01,L_ibc+.0l 
cm, reminner,node ! inner surface nodes 
*get,totnode, node,,count 
*do, i,l,totnode, l 

!/gopr 
inode-node(0,0,Libc) 
*get,xt,node,inode, loc,x 
*get,yt,node, inode, loc,y 
*get, zt,node, inode,loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(xt,yt,Lbplug) 
nsels,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 4 
ns le 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining tnner surface nodes 
nsel,unode,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Grapple Ring Support Postl Results----------------------------------
esel,stype,,6 
nsle 
nsel,r,loc,x,ORgr-.01,ORgr+.Ol 
cm, outer, node ! outer surface nodes 
nsle 
nsel,r,loc,x,IR_grs-.01,IR grs+.01 
cm, reminner, node ! inner surface nodes 
*get,totnode,node,,count 
*do, i,l, totnodel 

!/gopr 
mnode-node(0,0,0) 
*get,xt,node,inode, loc,x 
*get,yt,node, inode, loc,y 
*get,zt,node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(OR gr,yt, zt) 
nsel, s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 6 
nsle 
nlist, inode,onode, onode-inode 
lpath, inode,onode 
prsect 
cmael,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cmreminner, node 

*enddo
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/com DSC Grapple Ring Postl Results 
esel,s,type, ,.7 
nsle 
nsel, r, loc, z, -Hgr-. 01, -Hgr+. 01 
nsel, r, loc, x, IR gr-. 1, IR_qrs+. 01 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r,loc,x, IRgr-.01,IRgrs+.Ol 
cm, grnodes,node ! nodes out to grapple ring support IR 
esln,, 1 ! only elements within grapple ring support IR 
nsel, r, loc, z, -Hgr+T_gr-.01, -Hgr+Tgr+.01 
nsel,r,loc,x,IRgr-.l,IR_grs+. 0 
cm, reminner,node ! inner surface nodes 
*get, totnode, node,, count 
*do,i,l,totnode,l 

!/gopr 
inode-node (0,0,0) 
*get, xt,node, inode,loc,x 
*get, yt,node, node, loc, y 
*get, zt,node, inode, loc, z 
cmsel,s,outer ! select all nodes out to grapple ring support IR 
onode-node(xt,yt,-H_gr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist, node, onode, onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

'enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate ------------------------/ccm 
/com bottom row of nodes 
esel, s, type,, 4 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel, r, oc, z,Lbplug-.01,L_bplug+.0l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com mid row of nodes 
nsle 
nsel,r, loc,x,IR-.1,IR+.l 
nsel,r,loc,z,L bplug+.l,L_ibc-.1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/comr top row of nodes 
nale 
nsel,r,loc,x,IR-.I,IR+.l 
nsel,r,loc,z, L_Ibc-.1,L-ibc+.l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Outer Bottom Cover Plate 
esel,s,typeg,2, 5,3 
nale 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel, r, oc, z,T bw-.01,T-bw+. 01 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system
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nlist 
nforce

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsel,s,loc, z,Hdsc/2-.1,H dsc/2+.l 
nlist 
prrsol, fz 

allsel 

/com Stress Plots 
/num,0 ! numbers and colors 
/device,vector,0 ! raster plots 
ernorm, off 
dsys,0 
/show,file,,0 ! plot to file 
! /edge,,l,10 ! edge plot

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,utype,,20 ! unselect contact elements 
/view,,-0.2,-O.8,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/zoom,l,rect,-0.94,0.60,0.0,-0.80 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-1.02,0.71,-0.07,-0.77
/auto, 1

/dscale,, 1

! zoom - fit

! displacement scale

/com shell elements 
esel,stype,,1 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,sint,0 ! plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elements 
esel, s, type,,2 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

/com outer cover plate we: 
esel,s, type,,5 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,a,mnt,0 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,s, type,,3 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s,int,0 
/view,,0.2,0.8,0.5 
/replot

Ld elements 

! plot stress intensity 

! plot stress intensity
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/com inner cover plate elements 
esel,s, type,,4 
nale 
/view,,-0.2,-0.8,-0.5 
plnsol,sint,O ! plo1 
/view,,0.2,0.8,0.5 
/replot 

/com grapple ring support elements 
esel, s,typeo,6 
nale 
/view,,-0.2,-0.8,-0.5 
plnsols,int,O ! plo 
/view,,0.2,0.8,0.5 
/replot 

/com grapple ring elements 
esel,s,type, ,7 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plo 
/view,,O.2,0.8,0.5 
/replot

dsys,l 

*enddo 

allsel 

fini

t stress intensity 

t stress intensity 

t stress intensity

! end load step loop

exit,nosave
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Appendix A28 

ANSYS Analysis Run Summary and Input Listings for 
B24PT-G
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PT-G (analysis) V' 

Date/Time: 6114/00 9:27 PM 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver. 4.0 

CPU: Dual Pentium-III 450 

Analysis Modules Used: &PREP7 

Component Analyzed: 24P-FO DSC Shell As 

Loads Considered: -(Grapple pull load) + 

Analysis Type: AStatic _Therr 

Materials: ILinear -Non-I 

Geometry: AlLinear -Non

Element Types Used: 

Solid45: 3-D elastic/plastic solid

I) PB24PT-G (postprocessing) (1)

6115100 3:54 AM

MHz

!SOLUTION g!POSTI 

sembly: Shell and bottom end components

thermal load cases (2)

"nal 

Linear 

Linear

Other:

Combin'14: 3-D spring damper

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: LI' 

Checked By:

Date: 

Date:

P. 12/13

m I
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B24PT-G. inp 

/batch, list 
/filname,b24pt-g 
/title,24P-short DSC Shell Assembly (Bottom End, 190 Degree Refined Model) 
/com refined model in region of grapple ring assembly 
/prep7

/com shell assembly components 
et,1,solid45 ! 3-D Elastic/Plastic 
et,2,solid45 ! 3-D Elastic/Plastic 
et,3,solid45 ! 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 ! 3-D Elastic/Plastic 
et,6,solid45 ! 3-D Elastic/Plastic 
et,7,solid45 ! 3-D Elastic/Plastic

et, ll,solid45 

!et,20,contac49 
!r,201,1.OE+07 
!r,202,1.OE+06 
!r,203,1.OE+06 
!keyopt,20,7,1 

et,22,combinl4 
keyopt,22,2,3 
r,22,50

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover P1 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

! 3-D Elastic/Plastic Solid - DSC Upper Shell

3-D point to surface contact elements 
normal stiffness of gap elem btwn plug & shell 
norm stiffness of gap elem btwn plug & outer plate 
norm stiffness of gap elem btwn plug & inner plate 
keyopt (7)-1 

3-D spring-damper for shield plug stability 
uz direction only 
50 lb/in

tref,70 ! reference temperature 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-SNi) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.aE+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,1,0,S.76E-06,8.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxy,l,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) *** * * * 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex.2,1,29.5E+06,28.SE+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29 

csys,0 ! cartesian coordinates

/com geometry 
T shell-.53 
OR-67.19/2 
IR-OR-T shell 
H-dsc-186.17 

L otc-H_dsc-0.12 

T ibc-0.75 
T-bplug-6.25 
T obc-1.75 
T_-bw-0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

Lbplug-Tbplug+T obc ! bottom shield plug location (top surface) 
L_ibc-T_ibEc+Tbplug+Tobc ! inner bottom cover plate location (top surface)

!

! ! 
!

! ! 
! 
!

! ! 
! 
!
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OR_gr-8.0 
IR_gr-5.0 
T_gr-l. 00 
H_gr-3.75 
T_grs-0.75 
IR grs-ORgr-T_grs 
OR_load-8.7412

/com lower shell keypoints 
k, 1, OR-0.25 
k,2,IR+0.21 
k,3,IR,,Tbw 
k,4, IR,,L _bplug 
k,5,IR,,L ibc 
k, 6, IR,, H-dsc/2 
k,7,OR,,H-dsc/2 
k,8,OR,,L ibc 
k, 9, OR,, Lbplug 
k,10,OR,,0.75

outer radius of the grapple ring a support 
inner radius of the grapple ring 
thickness of the grapple ring 
height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,IR-l.4 
k,23,OR_gr ! outer radius of grapple ring 
k,24,IR_grs ! inner radius of grapple ring 
k,26,0,0,0 ! center at bottom surface 
k,28,0,,Tobc ! center at top surface 
k,30,IR_grs,,T obc ! line up with KP24 
k,31,OR_gr,,T obc ! line up with KP23 
k,32,IR-0.93,,T_obc ! outer radius (chamfer) at top surface

/com bottom shield 
k,40,IR,,Tobc 
k,41,0,,T obc 
k,42,0, ,Lbplug 
*k,43,IR,,Lbplug 

/com inner bottom 
k,50, IR,,Lbplug 
k,51,0,,Lbplug 
k,52,0,,Libc 
k,53,IR,,L ibc 
k,54,IR-0.25,,Lbp 
k,55,IR-0.25,,Lib

plug keypoints 
outer radius at bottom surface 

! center at bottom surface 
center at top surface 
outer radius at top surface

cover plate keypoints 
outer radius at bottom surface 
center radius at bottom surface 

! center radius at top surface 
! outer radius at top surface 

'lug ! radius of shield plug contact 
)c ! line up with KP54

/com grapple ring keypoints 
k, 60, OR.gr, ,-H gr+T gr 
k, 61,0Rgr, ,-Hgr+0.75 
k,62, OR.gr-0.25,,-H_gr 
k, 63, IRgrs-0.25,, -Hgr 
k, 64, IRgr+0.25,,-H..gr 
k, 65, IRgr, , -H gr+0. 75 
k, 66, IR._gr,, -H gr+T gr 
k, 67, IR grs,, -H gr+T_gr 
k, 68, IRgrs,,-Hgr+0.75 

/com upper shell keypoints 
k,76,IR,,L otc 
k, 77 OR, ,Lotc

! interface of grapple ring with support 
! outer chamfer 
I outer bottom surface 

! inner bottom surface 
! inner chamfer 
! inner top surface 
! interface of grapple ring with support 

! shell inner top 
! shell outer top

/com meshing ******************************************************************

I,

klist

! ! 
! 
! 
! 
! 
!

! ! 
! 
! 
! 
! 
! 
! 
! 
!
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/com define arcs to sweep vo 
lsel,none 
k,200,0,,H dsc/2 
k,201,IR-5,,H dsc/2 
k, 202,0, IR-5,H_dsc/2 
larc,201,202,200, IR-5 
cm,swp_arcl,line 
lesize, swp arcl, ,,26,1 

sel, none 
k,203,IR-7,,H_dsc/2 
k,204,0,IR-7,H_dsc/2 
larc,203,204,200,IR-7 
cm, swparc2,line 
lesize, swparc2,, ,12, 1 
allsel 

/com lower shell elements 
lael,none 
asel,none 
vsel, none 
mat, l 
type, 1 
a,1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6,7,8 
lsel,r,loc,x, IR+0.0l,OR-0.01 
llist 
lesize,all,, 2 
ksel,s,,,5,6,l 
lslk,s,l 
lesize,all,2.5,,,10 
ksel,s,,,7,8,l 
lslk,a,l 
lesize,all,2.5, ,,0.1 
vdragall,,,,,,l 
esize,0.5 
vmesh, all 
cm,alshell,area 
cm, vlshell,volume 
ksel,all

/com outer bottom cover plate 
lsel,none 
asel,none 
vsel,none 
type,2 
mat, 1 
a,21,22,32,3 
a,22,23,31,32 
a, 23,24,30, 31 
lsel, r, loc,x, IR-1.4, IR 
llist 
lesize,all,, , 2 
isla, s 
Isel,r, loc,x, IRgrs,ORgr 
"llist 
lesize, all,, ,2 
vdrag, all,,,,, ,l 
esize,0.875 
vmesh, all 
vsel,none 
Isla, s

lumes and lines 

! 26 divisions on "swparcl" 

! 12 divisions on "swparc2" 

! select lines for dividing

1 2 divisions thru shell thickness 
select central shell line (inner) 

! lines containing selected keypoints 
0.5" to 4" element size 

! select central shell line (outer) 
lines containing selected keypoints 

! 4" to 0.5" element size 
! generate volume along line 1 ("swparcl") 

0.5" element height for unmeshed lines 

elements 

! select lines for dividing 

! 2 divisions for selected lines 
! lines contained in above areas 
! select lines for dividing 

! 2 divisions thru pl thickness & at grapple suppt 
! generate volume along line 1 ("swparcl") 
! 0.875" element width for unmeshed lines

lines contained in above areas

SREVISION:0

!
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v, 26,24, kp (0, IR grs, 0), kp (0, IRgrs, 0), 28, 30, kp (0, IR grs, T_obc), kp (0, IR_grs, Tobc) 
ksel,s, ,,26,28,2 ! select centerline 
lslk,s,l ! lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness 
vmesh, all 
vsel,s,type,,2 
cm, aoutbot,area 
cm, voutbotvolume 
ksel,all 

/com bottom shield plug elements 
isel,none 
asel,none 
vsel,none 
type,3 
mat,2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swparc2") 
v,41,40,kp(O,IR,T-obc),kp(O,IR,T-obc),42,43,kp(O,IR-.25,Lbplug),kp(0,IR-.25,L bplug) 
esize,Tbplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug, area 
cm, vbotplug,volume 
ksel,all 

/lom inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 

Stype,4 
mat, 1 
a, 50, 54,55, 53 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
v,54,kp(O,IR-0.25,L-bplug), 51,51,55,kp(O,IR-0.25,L ibc), 52,52 
esize,T ibc/2 ! 2 elements thru plate 
vmesh, al1 
cm, ainbot, area 
cm, vinbot, volume 
ksel,all 

/com weld of outer bottom cover plate 
isel,none 
asel,none 
vsel,none 
type,5 
mat, 1 
a,2,21,3,3 
Isel, r, loc, z, 0 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
vmesh, all 
cm, abotweld, area 
cm, vbotweld,volume 

/com grapple support elements 
lsel,none 
asel,none 
vsel,none 
type,6 
mat,l 
a, 23,60,67,24 
l sel,rloc,z,-H gr+T-gr ! select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
vdrag,all,,,,,,1 ! generate volume along line 1 ('swparcl")

LCULATION N : Vei;"§ ClWfij I I W;WA A28-6 of A28-17
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esize,T grs 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup, volume 

/com grapple ring elements 
Isel, none 
asel,none 
vsel, none 
type,7 
mat, l 
a,60, 61,68, 67 
a, 67,68,65,66 
a,61,62,63,68 
a, 68,63, 64, 65 
lsel,s,loc,z,-Hgr+.l,-H_gr+.7 
lesize,all,,, 1 
vdrag, all,,,,,, 1 
esize,0.75 
vmesh, all 
cm, agraprng, area 
cm, vgraprng, volume

element height for unmeshed lines 

! select lines for dividing 
! 1 line division 
generate volume along line 1 ("swparcl") 
0.75 element size for unmeshed lines

allsel 

/com merge nodes for material continuity

esel,s,type,o,1,2,1 
esela, type, ,5,7,1 
allsel,below,elem 
nummrg,node ! lower shell to weld to outer bottom cover plate 

& outer bottom cover to grapple ring components

allsel 

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,stype,,l,4,3 
allsel,below,elem 
nsel,r, loc,x, IR-.01,IR+.0l 
nsel,r, loc, z,Lbplug-.01,Libc+.01 
nummrg, node ! upper & lower welds of inner bottom cover plate

csys,0 
allsel

! cartesian coordinates

/com reflect quarter geometry to generate half model

*getmaxnode,node,,num,max 
nsym,x,maxnode,all 
esym,,maxnode,all 

*do,i,1,7,1 
/gopr 
esel,s,type,,i 
nsle 
nummrg, node 

*enddo 

/com define contact elements 
/com bottom end plates

! get maximum node number 
! reflect all nodes 
! reflect all elements 

merge nodes at line of symmetry (bottom shell components)
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esels,type, 2 
allsel,belowoelem 
cm,contlnode 

eselosetype,,2 
allsel,belowelem 
cm.cont2,node 
csysl 
nsel,r,loc,x,IR-.94,ZR-.92 
cSys,0 
cm,cont2a,node

esel,s,type,,4 
allsel,below, elem 
cm,cont4,node

1 nodes of lower shell 

! nodes of outer bottom cover plate 
! cylindrical coordinates 

! cartesian coordinates 
! nodes of outer bottom cover plate at IR-.93

! nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-.25 
esels,type,,4 
ailsel,below, elem 
csysl ! cylindrical coordinates 
nselr, loc, x, R-0.26,ZR-0.24 
csys,0 I cartesian coordinates 
cm,cont4a,node I inner bottom cover plate nodes at ZR-.25

csys, X 

esels,type,,3 
allselbelow.elem 
nselr0loc,,xZR 
cm,targ3lnode

! cylindrical coordinates

! bottom shield plug circumferential nodes

allselbelow,elem 
nsel,r, loc, z,Tobc 
nsel,u,loc,x,ll/12*1R+.l, IR.Ol ! unselect outer row of contact elements 
cm,targ32,node ! bottom shield plug bottom surface nodes (w/o outer row)

allsel,below,elem 
nsel, r, loc, z,T obc 
nselr,locx, ll/121IR-.5,IR+.Ol ! one outer row of contact elements 
cm, targ32a, node I bottom shield plug bottom surface nodes (outer row) 

allsel, below, elem 
nsel,r,loc, z,L bplug 
nsel.u,locx,2ll/l2ZR+.l,ZR+.0l ! unselect outer row of contact elements 
cm,targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
allsel,below,elem 
nsel, r, loc,z,L bplug 
nsel,r,locx,ll/12*IR-.5,R1.01 ! one outer row of contact elements 
cm, targ34a, node I bottom shield plug top surface nodes (outer row)

0sys,0 

allsel 
! type, 20 
! real,201 
! gcgen,contltarg3l,.  
!real,202 
! gcgen, cont2,targ32,l 
!gcgen, cont2a,targ32a, l 
Ireal,203 
!gcgen, cont4,targ34,1

! cartesian coordinates

! generate contact elem btwn plug & shell 

I generate contact elem btwn plug & outer plate 
I gen contact btwn plug & outer pl (outer ring) 

generate contact elem btwn plug & inner plate

** TOTAL PAGE. 13 **

I
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!gcgen,cont4a,targ34a,l ! gen contact btwn plug & inner pl (outer ring) 

/com Define soft springs to stabilize shield plug (connect to inner cover plate) 
/com Valid for thermal + grapple 
allsel 
esel,s,type, 3 
n le 
nodeli-node (IR, 0,Lbplug) 
node2i-node (-IR, 0, Lbplug) 
esel, s, type,, 4 
nsle 
nodelJ-node(1R,0,L_bplug) 
node2j-node (-IR, 0, Lbplug) 
type, 22 
real, 22 
nsel, all 
e, nodeli, nodelj 
e,node2i,node2j 

/corm compress node and element numbering 
!allsel 
!numcmp, node 
!numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,locy,-.01,.01 
d,all,uy,O ! symmetry about x-z plane 
allsel 

/com end of shell boundary conditions 
nsel,s,locz,H-dsc/2 ! shell ends at mid-height 
d, all, uz 
nsel,r,loc, x, OR-.0l,OR+.0l 
nsel, r, loc, y, 0,.01 
d,allux 
allsel 

/com ux couple shield plug to DSC shell for stability (one location) 
/com ********* valid for temp & grapple loading * 

esel, s,type,, 1,3,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,y,0, .01 
nsel, r, loc, z,Lbplug-.0l,Lbplug+.0l 
cp, next, ux, all 

allsel 

save 

fini 

/solution 

/com analysis parameters 
antype, static 
eqslv,pcg, le-7 
nropt, auto 

!pred,on,,on 
!autots,on 
!nlgeom,on 
!neqit,50
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/com load step 1, -60 kip grapple load + Temperature Case 15, -40 deg Ambient 
/title, 24P-FO DSC (Bottom End) -60k Grapple + Temp Case 15, -40 deg Ambient 
!nsubst, 1,8 

pload-60000/2 
csys,1 ! cyclindrical 
nsel, s,loc, z,-H_gr+Tgr 
nsel,r,loc,x,IRgr+0.7,IRgr+1.6 ! select 2 rows of 19 mid-outer row nodes 
nsel, r, loc, y, 90-32,90+32 
f,all, fz,pload/2/19 

/com read input from thermal results file 
ldread, temp, l,,, ,b24ther2,rth, t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys,0 

lswrite ! end of load step 1 
save 
solve 
save 

/com load step 2, -60k Grapple + Temperature Case 16, 104 deg Ambient 
/title, 24P-FO DSC (Bottom End) -60k Grapple + Temp Case 16, 104 deg Ambient 
!nsubst, 1,8 
csys,1 

/com read input from thermal results file 
ldread, temp, 2,,,,b24ther2,rth, t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys,0 

lswrite ! end of load step 2 
save 
solve 
save 

/com load step 3, -60k Grapple + Temperature Case 26, 117 deg Ambient 
/title, 24P-FO DSC (Bottom End) -60k Grapple + Temp Case 26, 117 deg Ambient 
!nsubst,1,8 
csys, l 

/com read input from thermal results file 
ldread, temp, 3,,, ,b24ther2,rth,t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys,0 

lswrite ! end of load step 3 
save 
solve 
save 

fini 

/exit 

/eof
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PB24PT-G.inp 

Ibatchlist 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com negative grapple pull + thermal (for stress range) 
resumeb24pt-g,db 
/postl 
file,b24pt-g, rat 

/cam element plots-----------------------------------------------------------
/show,pb24pt-g,pic,l plot to file 
/triad,lbot ! triad in lower left corner 
/device,vector,l ! vector plots 
/hum, 2 ! numbers, no colors 
/vup, l,-x ! x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 ! precise hidden 
esel,u,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom, l,rect,-0.94,0.60,0.0,-0.80 
/show, off ! discontinue plots to file 
/auto,l ! zoom - fit 

csysl ! cylindrical coordinate system 
dsys, 1 
rsys, l 

*do,iset,l,3 ! define steps to postprocess 
/go 
set, iset 

/com DSC Lower Shell Postl Results-------------------------------------------
esel, s, type,, 1 
nale 
nsel, r,loc,x,OR-.0l,OR+.01 
nsel,r,loc,z,0.8,Libc+5 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r,loc,x,IR-.0l,IR+.01 
nsel,r, loc, z,T bw+.l,L ibc+5 
cm, reminner, node ! inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode-node(0,0,0) 
*get,xt,nodeinodelocx 
*get,yt,node, inode, loc, y 
*get, zt,node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(OR, yt, zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r, type,,l 
nale 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo 
/com
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/COM shell adjacent to DSC end components 
-do,theta,O,180,90/26 Isections at 3.46 degree intervals 
esel, s, type, ,l 
nsle 
nsel, r,loc, y,theta-i, theta+l 
es In 
eseblr, type,, 1 
ns 1e 
*do,ix,IR+.21,OR...25,OR...25-(IR+.21) 

mnode-node (IR, theta,T Tbw) 
onode-node (ix, theta, 0) 
nlijt,imode, onode, onode-inode 
ipath,imode, onode 
praect 

*enddo 
*do,iz, .75/2, .75, .75/2 

mnode-node (IR, theta,T Tbw) 
onode-node (OR, theta,iiz) 
nlijt,imode, anode, anode-mnode 
ipath,inode, onode 
prsect 

*enddo 
/cam 
/cam shell at mid-height 

mnode-node (IR, theta,H -dsC/2) 
anode-node (OR, theta,H -dsc/2) 
nlist, inde, anode, onode-inode 
ipath, inde, anode 
prsect 

/*enddo Itheta loop

/cam DSC Outer Bottom Cover Plate Posti Results --
esel,s,type, ,2 
ns Ie 
nsel, r. boc, Z, 0 
neel, r, lac,x, 0, IR-l. 3 
cm~outer,node Iouter surface nodes 
ns be 
nsel,r,loc,z,T-obc-.Ob,T abc4.0b 
nsel, r, loc,x, 0, IR-0 .9 
cm, reminner,node !inner surface nodes 
*get, totnode, node, ,count 
*do, i,1, totnode, 1 

!/gopr 
mnode-node (0,0,T abc) 
*get,xt,node,inode, loc"X 
gqet, yt,node,inode, loc,y 
*get, zt,node,imode,lbc, z 
cmsel,s,outer !select outer surface nc 
anode-node (xt, yt, 0) 
nsel,s,nade, ,inode 
nsel,a,node, ,onode 
esin 
esel,r,type,,,2 
ns be 
nlist,inode, onode, onode-inode 
Ipath,imode, onode 
prsect 
cmsel,s,reminner ! select remaining inner 
nsel,u,node,,inode ! unsebect lpath nodes 
cm, reminner,node 

*enddo 
/com 
/com outer cover plate adjacent to DSC end components

~des

-surface nodes
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*dotheta,0,180,90/26 ! sections at 3.46 degree intervals 
esel,s,type, ,2 
nsle 
nsel, r, loc, y, theta-l,theta+l 
es in 
esel,r, type.,,2 
nsle 

inode-node(IR-.46,theta, 1.19) 
onode-node(IR-.95, theta,0) 
nliat,inode,onode,onode-inode 
lpath, inode,onode 
prsect 
inode-node(IR, theta,T-bw) 
onode-node(IR-.49,theta,0) 
nliat,inode,onode, onode-inode 
ipath, inode,onode 
prsect 

*enddo ! theta loop 

/com DSC Outer Bottom Cover Plate Weld Posti Results--------------------------
*do,theta,0,180,90/26 ! sections at 3.46 degree intervals 
esels, type,,.5 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel, r, type, .5 
nsle 
*do,ix,IR-.49,IR+.21, (.49+.21)/2 

inode-node(IR,theta,Tbw) 
*. onode-node(ix, theta,0) 

nlist, inode,onode,onode-inode 
lpath, node,onode 
prsect 

*enddo 
'enddo ! theta loop 

/com DSC Bottom Shield Plug Postl Results-----------------------------------
esel,s,type,,3 
nsle 
nsel,r,loc,z,T_obc-.01,Tobc+.01 
cm, outer, node I outer surface nodes 
nsle 
nsel, r,loc,z,Lbplug-.01,L-bplug+.0l 
cm, reminner, node ! inner surface nodes 
*get,totnodenode,,count 
*do, i,l,totnode, l 

!/gopr 
inode-node(0,0,Lýbplug) 
*get,xtnodeinodeloc,x 
*get, yt,node, inode,loc,y 
*get, zt,node,inode,loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node (xt, yt,Tobc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln ! select elem attached to nodes twice to capture 3 thru thickness 
esel, r, type,,3 
nble 
nlist, node, onode, onode-inode 
ipath, node, onode 
prsect cmsel,s,reminner !select remaining inner surface nodes
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nsel,unode,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Inner Bottom Cover Plate Postl Results-------------------------------
esel,s,type,,#4 
nsle 
nsel,r, loc, z,Lbplug-.01,L bplug+.0l 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r, loc, z,L ibc-.01,L-ibc+.01 
cm, reminner, node ! inner surface nodes 
*get, totnode,node,,count 
*do, i,l,totnode, 1 

!/gopr 
inode-node(0,0,Libc) 
*get, xt,node, inode, loc,x 
*get,yt,node,inode,loc,y 
*get, zt, node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(xt,yt,L_bplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,,4 
nsle 
nlist, node,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,unode,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Grapple Ring Support Postl Results----------------------------------
esel,s,type,,6 
nsle 
nsel,r, loc,x,ORgr-.01,ORgr+.01 
cm,outer,node ! outer surface nodes 
nsle 
nsel, r, loc,x, IR grs-.G1, IRgrs+.01 
cmreminner,node ! inner surface nodes 
*get,totnode, node,,count 
*do,i,l,totnode,1 

!/gopr 
inode-node(0,0,0) 
*get, xt,node, node, locx 
*get, yt,node,inode, loc, y 
*get,zt, nodeinode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node(ORgryt, zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, ,6 
nsle 
nlist, node,onode, onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm,rreminnernode 

*enddo
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/com DSC Grapple Ring Postl Results------------------------------------------
esels,type,,7 
nsle 
nselr,loc,z,-H-gr-.01,-H gr+.Ol 
nsel,r,loc,x,IRgr-.1,IR_grs+.Ol 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r,loc,x, IR_gr-.01,IRgrs+.Ol 
cm,grnodesnode ! nodes out to grapple ring support IR 
esln,,l ! only elements within grapple ring support IR 
nselr,loc,z,-H_gr+Tgr-.01,-HIgr+Tgr+.Ol 
nsel,r,loc,x,IR gr-.l,IR_grs+.Ol 
cm, reminner, node ! inner surface nodes 
*get,totnodenode,,count 
*do, i,l,totnode, 1 

/gopr 
inode-node(0,0,0) 
*get,xt, node,inode, loc, x 
*get,yt, node,inode, loc,y 
*get, zt,node, inode, loc, z 
cmsel,souter ! select all nodes out to grapple ring support IR 
onode-node(xt,yt,-H_gr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist,inode, onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner 1 select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminnernode 

*enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate------------------------
/com 
/com bottom row of nodes 
esel,s,type,,4 
nsle 
nsel,r, loc,x, IR-.01,IR+.0l 
nsel, r, loc, z,L_bplug-.01,Lbplug+.O1 
spoint,,.01,.01,0 ! sumuation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com mid row of nodes 
nsle 
nsel,r,loc,x,IR-.1,IR+.l 
nsel,r,loc,z,Lbplug+.1,Libc-.l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com top row of nodes 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc,z,LIibc-.1,Libc+.l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Outer Bottom Cover Plate 
esel,s,type,,2,5,3 
nsle nsel,r, loc, x, IR-.01, IR+.01 
nsel,r, loc, z,T bw-.01,T bw+.0l 
spoint,,.01,.01,O ! summation in cylindrical coordinate system
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nlist 
nforce

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsel,s,loc,z,Hdsc/2-.1,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots-----------------------------------------------------------
/num,0 ! numbers and colors 
/devicevector,0 I raster plots 
ernorm,off 
dsys,0 
/show,file,,0 ! plot to file 
! /edge,,1,10 ! edge plot

/dscale, , 1 ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 ! unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/zoom,l,rect,-0.94,0.60,0.0,-0.80 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom, l,rect,-l.02,0.71,-0.07,-0.77 
/auto,l ! zoom - fit

/dscale., 1 ! displacement scale

/com shell elements 
esel,s,type,,1 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsols,int,0 ! plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/comr outer cover plate elements 
esel, s, type,,2 
nile 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 plot stress intensity 
/view,,O.2,0.8,0.5 
/replot

/com outer cover plate we: 
esel, s,type,,5 
nile 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,a, type,,3 
nile 
/view,,-0.2,-0.8,-0.5 

Splnsol, s, int, 0 
/view,,0.2,0.8,0.5 
/replot

ld elements 

plot stress intensity 

! plot stress intensity

j
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/com inner cover plate elements 
esel, s, type,, 4 
nMle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view, ,0.2,0.8,0.5 
/ replot 

/com grapple ring support elements 
esel, s, type,, 6 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,intO ! plot stress intensity 
/view, ,0.2,0.8,0.5 
/replot 

Icom grapple ring elements 
esel,s,type, ,7 
nsle 
/view, ,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view, ,0.2,0.8,0.5 
/replot 

days, 1

*enddo ! end load step loop

Sallsel 

fini

exit,nosave

. I
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Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PRAM (anal 

Date/Time: 5/10/00 3:42 PI 

ANSYS Version: 5.3 PC3861486 

Hardware Summary: 

Operating System: Windows NT Vet 

CPU: Dual Pentium-III 

Analysis Modules Used: jPREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Ram push loads 

Analysis Type: !Static 

Materials: *Unear 

Geometry: Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

lysis) (1) PB24PRAM (postprocessing) (1)

5/10/00 5:25 PM

r. 4.0 

1450 MHz

!SOLUTION jPOST1 

ell Assembly: Shell and bottom end components

r4_

Thermal 

Non-Linear 

,Non-Linear

-Other.

Contac49: 3-D point to surface contact 

Combin14: 3-D spring damper

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Michael Coh.en

Checked By:

Date: __________ 

Date: &,14,4L/.'

Run By:

1 I II I II

M
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1B24PRAM. inp

/batch, list 
/filname, b24pram 
/title,24P-short DSC Shell Assembly (Bottom 
/prep7 

/com shell assembly components 
et,l,solid45 I 3-D Elastic/Plastic 
et,2,solid45 ! 3-D Elastic/Plastic 
et,3,solid45 ! 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 I 3-D Elastic/Plastic 
et,6,solid45 ! 3-D Elastic/Plastic 
et,7,solid45 I 3-D Elastic/Plastic

et, ll,solid45 

et,20,contac49 
! r,201,1.OE+07 
r,202,1.0E+06,1E7/100 
r,203,1.0E+06,1E7/l00 
keyopt,20,7,1 

et,22,combinl4 
keyopt,22,2,3 
r,22,50 

tref, 500

End, 180 Degree Model)

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover P1 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

! 3-D Elastic/Plastic Solid - DSC Upper Shell 

! 3-D point to surface contact elements 
! normal stiffness of gap elem btwn plug & shell 

! norm/tan stiffness of gap elem btwn plug 6 outer plate 
! norm/tan stiffness of gap elem btwn plug a inner plate 

keyopt (7)-l 

! 3-D spring-damper for shield plug stability 
! uz direction only 
1 50 lb/in 

! maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (l8Cr-SNi) ********* 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,1,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.aE+06,25.3E+06 ! SA-240 Type 316 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) * 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
nuxy,2,0.29

csys, 0 

/com geometry 
T shell-.53 
OR-67.19/2 
IR-OR-T shell 
H dsc-196.17 

L otc-H dsc-0.12

T ibc-0. 75 
T_bplug-6.25 
T obc-1.75 
T-bw-0.625

! cartesian coordinates

! shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

Lbplug-Tbplug+Tobc ! bottom shield plug location (top surface) 
L_ibc-Tibc+Tbplug+Tobc ! inner bottom cover plate location (top surface)

outer radius of the grapple ring a support 
inner radius of the grapple ring 
thickness of the grapple ring

OR_gr-9.0 
IRgr-5. 0 
T_gr-1.00

! ! 
! 
!

l ! 
!
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H_gr-3.75 
T_grs-0.75 
IR grs-OR gr-T grs 
OR load-8.74/2

/cam lower shell keypoints 
k, 1,OR-0.25 
k,2,IR+0.21 
k,3,IR,,T bw 
k, 4, IR,,Lbplug 
k,5 IR, ,Libc 
k, 6, IR, ,H_-dsc/2 
k,7,OR,,H dsc/2 
k, 8,OR,,L-ibc 
k, 9,OR,, Lbplug 
k, 10, OR,, 0. 75

height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,IR-l.4 
k,23,ORgr ! outer radius of grapple ring 
k.24,IRgrs ! inner radius of grapple ring 
k,26,0,0,0 ! center at bottom surface 
k,28,0,,T obc ! center at top surface 
k,30,IRgrs,,Tobc ! line up with KP24 
k,31,OR gr,,T_obc ! line up with KP23 
k,32,IR-0.93,,Tobc ! outer radius (chamfer) at top surface 

/com bottom shield plug keypoints 
k,40,IR,,T obc ! outer radius at bottom surface 
k,41,0,,T obc center at bottom surface 
k,42,0,,Lbplug I center at top surface 
k,43,IR,,L bplug ! outer radius at top surface

/com inner bottom cover 
k, 50, IR,, ,Lbplug 
k, 51,0,, Lbplug 
k,52,0,,L.ibc 
k,53,IR, ,L ibc 
k, 54, IR-0. 25,, L bplug 
k, 55,IR-0.25, ,L ibc

plate keypoints 
! outer radius at bottom surface 
! center radius at bottom surface 
! center radius at top surface 
! outer radius at top surface 
! radius of shield plug contact 
! line up with KP54

/com grapple ring keypoints 
k, 60, OR_gr, , -Hgr+Tgr 
k, 61, OR_gr,, -H"gr+0.75 
k, 62, ORgr-0.25,, -Hgr 
k, 63, In grs-0.25,, -H gr 
k, 64, IR_gr+0.25,,-JHqr 
k,65,IR_qr,,-H_gr+0.75 
k, 66, IRgr,, -Hgr+T gr 
k, 67, IR grs,,-Hq r+T gr 
kF68,IR-grs,,-Hgr+0.75

interface of grapple 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
inner top surface 
interface of grapple

ring with support 

ring with support

/com upper shell keypoints 
k,76,IR,,L otc 
k,77,OR,,L otc 

klist

shell inner top 
shell outer top

/com meshing ***************************************************************** 

/com define arcs to sweep volumes and lines 
lsel, none 
k,200,0,,Hdsc/2

! ! 
! 
!

! ! 
! 
! 
! 
! 
! 
! 
! 
!

! l 
! 

! 
! 
! 
I
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k, 201. IR-5,,H dsc/2 
k,202,0, IR-5,"H dsc/2 
larc, 201,202,200, IR-5 
cm, swparcl, line 
lesize, swparcl,, 26,1 

isel, none 
k, 203, IR-7,,H dsc/2 
k,204,0,1R-7,H dsc/2 
larc, 203,204,200, IR-7 
cm, swp_arc2, line 
lesize, swparc2, ,,12,1 
allsel 

/com lower shell elements 
sel, none 

asel,none 
vsel,none 
mat, 1 
type, 1 
a,1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6,7,8 
sel, r, loc,x, IR+0.0l,OR-0.01 

llist 
lesize,all, , 2 
ksel,s, ,,5,6, l 
lslk,s,l 
lesize,all,2.5, .10 
ksel,s, , ,7,8,1 
lslk,s, 1 
lesize,all,2.5, , ,0.1 
vdrag, all,,,,, ,il 
esize, 0.5 
vmesh, all 
cm, alshell, area 
cm, vlshell,volume 
ksel,all

! 26 divisions on "swp arcl" 

! 12 divisions on "swp arc2" 

! select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
4" to 0.5" element size 
generate volume along line 1 ("swparcl") 
0.5" element height for unmeshed lines

/com outer bottom cover plate elements 
Isel,none 
asel,none 
vsel,none 
type,2 
mat, l 
a,21,22,32,3 
lsel,r,loc,x,IR-l.4,IR ! select lines for dividing 
llist 
lesize,all,, ,2 ! 2 divisions for selected lines 
lsla,s ! lines contained in above areas 
vdrag,all,,,,,,l ! generate volume along line 1 (nswparcl") 
vmesh, all 
vsel,none 
lsla,s ! lines contained in above areas 
v,26,22,kp(OIR-1.4,O),kp(OIR-1.4,O),28,32,kp(OIR-.93,T-obc),kp(OIR-.93,T-obc) 
ksel,s,,,26,28,2 ! select centerline 
"lslk, s,l ! lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness 
vmesh,all 
vsels,type, ,2 
cm, aoutbot, area 
cm, voutbot,volume 
ksel,all

/

! ! 
! 
! 
! 
! 
! 
! 
!
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/com bottom shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 3 
mat, 2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swparc2") 
v,41,40,kp(O,IR,Tobc),kp(0,IR, Tobc),42,43,kp(0,IR-.25,L-bplughkp(O,IR-.25,Lbplug) 
esize,Tbplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug,area 
cm, vbotplug, volume 
ksel,all 

/com inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 4 
mat, 1 
a, 50, 54, 55, 53 
vdrag,all,,,,,,1 ! generate volume along line 1 ("swparcl") 
v,54,kp(0,IR-0.25,Lbplug),51,51,55,kp(0,IR-0.25,Libc),52,52 
esize,T ibc/2 ! 2 elements thru plate 
vmesh,all 
cm, ainbot,area 
cm, vinbot,volume 

/ ksel,all

/com weld of outer bottom cover plate 
lsel, none 
asel,none 
vsel,none 
type,5 
mat, l 
a,2,21,3,3 
lsel, r, loc, z, 0 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,1 I generate volume along line I ("swp_arcl") 
vmesh, all 
cm, abotweld, area 
cm, vbotweld, volume 

/com grapple support elements 
lsel,none 
asel,none 
vsel,none 
type, 6 
mat, 1 
a, 23, 60, 67, 24 
lsel,r,loc,z,-Hgr+T_gr ! select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
vdrag,all,,,,,,2 ! generate volume along line 2 ("swp-arc2") 
esize,Tgrs ! element height for unmeshed lines 
vmesh, all 
cm, agrapsup, area 
cm, vqrapsup, volume

/com grapple ring elements 
lsel,none 
asel,none 
vsel,none
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type, 7 
mat, 1 
a, 60, 61, 68, 67 
a, 67,68,65,66 
a, 61, 62, 63, 68 
a, 68,63,64,65 
lsel,s,loc,z,-H gr+.1,-H-gr+.7 ! select lines for dividing 
lesize,all,,,l ? 1 line division 
vdrag,all,,,,,,2 ! generate volume along line 2 ("swparc2") 
esize,0.75 ! 0.75 element size for unmeshed lines 
vmesh, all 
cm, agraprng,area 
cm, vgraprng,volume 

allsel 

/cam merge nodes for material continuity 

esel,s,type,,l,2,1 
esel,a, type,,5,7,1 
allsel,below, elem 
numarg, node I lower shell to weld to outer bottom cover plate 

& outer bottom cover to grapple ring components 

allsel 

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only) 

csys,l ! cylindrical coordinates 

esel,s,type, ,l,4,3 
allsel,below, elem 
nsel,r, loc,x, IR-.0l,IR+.0l 
nsel,r,loc,z,Lbplug-.01,L-ibc+.01 
nummrg, node ! upper & lower welds of inner bottom cover plate 

csys,0 ! cartesian coordinates 

allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num,max ! get maximum node number 
nsym, x,maxnode, all ! reflect all nodes 
esym,,maxnode,all ! reflect all elements 

*do,i,l,7,1 ! merge nodes at line of symmetry (bottom shell components) 
/gopr 
esel, s, type,, i 
nsle 
nummrg, node 

*enddo 

/com tie together grapple to outer bottom cover 
esel, s, type,, 6 
allsel,below,elem 
nsel, r, loc, z, 0 
esel,s,type,,2 
ceintf 

/com define contact elements 
/com bottom end plates

esel, s,type,,1
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allsel,below, elem 
cm, contl,node 

esel,s, type,,2 
allsel,below, elem 
cm, cont2,node 
csys, 1 
nselr,loc,x,IR-.94,IR-.92 
csys,0 
cm, cont2a, node

esel,s,type,,4 
allsel,below, elem 
cm, cont4,node

I PAGE: A29-8 of A29-17

nodes of lower shell 

nodes of outer bottom cover plate 
! cylindrical coordinates 

cartesian coordinates 
! nodes of outer bottom cover plate at IR-.93

! nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-:.25 
esel,s,type,,4 
allsel,below, elem 
csys,1 ! cylindrical coordinates 
nsel,r, loc,x, ZR-0.26, IR-0.24 
csys,0 ! cartesian coordinates 
cm,cont4a,node ! inner bottom cover plate nodes at IR-.25

csys, 1 ! cylindrical coordinates

esel,s,type,,.3 
allsel,below,elem 
nsel,r,loc,x, IR 
cm, targ3l,node ! bottom shield plug circumferential nodes

allsel,below, elem 
nsel,r,loc,z,Tobc 
nsel,u,loc,x,ll/12*IR+.l,IR+.01 ! unselect outer row of contact elements 
cm, targ32,node ! bottom shield plug bottom surface nodes (w/o outer row)

allsel,below, elem 
nsel,r,loc,z,T obc 
nsel,r,locx,li/12*IR-.5,IR+.01 ! one outer row of contact elements 
cm, targ32a,node ! bottom shield plug bottom surface nodes (outer row) 

allselbelow, elem 
nsel,r, loc, z, Lbplug 
nsel,u,loc,x,pl1/12ZR+.l,ZR+.0l ! unselect outer row of contact elements 
cm, targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
allsel,below, elem 
nsel, r, loc, z,L bplug 
nsel,r,loc,xl1/12*IR-.5,ZR+.0l ! one outer row of contact elements 
cm, targ34a,node I bottom shield plug top surface nodes (outer row)

csys, 0 ! cartesian coordinates

allsel 
type, 20 
! real,201 
! gcgen,contl,targ3l,1 
real,202 
gcgen, cont2,targ32,1 
gcgen, cont2a, targ32a,1 
real,203 
gcgen, cont4,targ34,1 
gcgen, cont4a, targ34a,1

! generate contact elem btwn plug & shell 

! generate contact elem btwn plug & outer plate 
! gen contact btwn plug & outer pl (outer ring) 

! generate contact elem btwn plug & inner plate 
! gen contact btwn plug & inner pl (outer ring)
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/com Define soft springs to stabilize shield plug (connect to outer cover plate) 
/com Valid for ram load 
allsel 
esel,s,type,,3 
nsle 
nodeli-node (IR, 0,T obc) 
node2i-node (-IR, 0,Tobc) 
esel,s,type,, 1 
nsle 
nodelJ-node (IR, 0,T_obc) 
node2j-node (-IR, 0,T_obc) 
type, 22 
real, 22 
nsel, all 
e,nodeli,nodelj 
e,node2i,node2j 

/com compress node and element numbering 
allsel 
numcmp, node 
numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01, .01 
d,all,uy,0 ! symmetry about x-z plane 
allsel 

/com end-of-shell boundary conditions 
csys, 1 
nsel,s,loc,z,Hdsc/2 ! shell ends at mid-height 
nsel,r,loc,x,OR-.01,OR+.01 
d,all,uz,0 
csys, 0 
nsel,s,loc,z,H_dsc/2 ! shell ends at mid-height 
nsel,r,loc,x,OR-.0l,OR+.0l 
d,all,ux,0 ! restrain point at far end, away from grapple ring 
!nsels, loc, z, 0.75 
!nsel,r,loc,x,OR-.0l,OR+.01 
!d,all,ux,0 ! restrain point at near end, near grapple ring 
allsel 

/com ux couple shield plug to DSC shell for stability (one location) 
/com ********* valid for temp & ram loading * 
esels, type,, 1, 3,2 
nsle 
nsel,r,loc,xIR-.0l,IR+.01 
nsel,r,loc,y,0,. 01 
nsel, r, loc, z, Lbplug-. 01, Lbplug+. 01 
cp, next, ux, all 

allsel 

save 

fini 

/solution 

/comr analysis parameters 
antype, static 
eqslv, pcg, le-7 
nropt, auto 
pred, on,, on 
autots, on
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nigeom, on 
neqit, 500

/com load step 1 - 1 lb ram compr. load w/ far end restr.  
/title,24P-s DSC (Bot.End) 1 lb Ram Compression Load 
nsubst, 1,20 
pload-1/2 
csysl ! cylindrical coordinates 
nsel,s,locz,-.01,.01 
nsel,r, loc,x,3.3,5.3 
nsel,u, locy,57,1a0-57 ! select nodes for 6 elements 
sf,all,pres,pload/1.38/6 ! force/area for 6 elements 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - 60 kip ram compr. load w/ far end restr.  
/title,24P-s DSC (Bot.End) 60k Ram Compression Load 
nsubst, 1,8 
r,202,1.0E+07,1E7/100 ! norm/tan stiffness of gap elem btwn 
r,203,l.0E+07,1E7/100 ! norm/tan stiffness of gap elem btwn 
pload-60000/2 ! ram load for half model 
csys.l ! cylindrical coordinates 
nsel~s,locz,-.0l, .01 
nsel,r, loc, x,3.3,5.3 
nsel,ulocy,57,180-57 ! select nodes for 6 elements 
sf,all,prespload/1.38/6 ! force/area for 6 elements 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 3 - 80 kip ram compr. load w/ far end restr.  
/title,24P-s DSC CBot.End) 80k Ram Compression Load 
nsubst, 1,20 
pload-80000/2 ! ram load for half model 
csysl ! cylindrical coordinates 
nsel,s,locz,-.01,.01 
nsel,r, loc,x,3.3,5.3 
nsel,u, locy,57,190-57 ! select nodes for 6 elements 
sf,all,pres,pload/l.38/6 I force/area for 6 elements 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

fini 

/exit 

7eof

plug & outer plate 
plug & inner plate
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PB24PRRM. inp 

/batch,list 
/corn 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com ram push load 
resume, b24pram, db 
/post 1 
file,b24pram, rat 

/com element plots----------------------------------------------------------
/show,pb24pram,pic,l ! plot to file 
/triad,lbot I triad in lower left corner 
/device,vector,l I vector plots 
/num,2 ! numbers, no colors 
/vupl,-x ! x-axis down 
/view,, -0.2,-0.8,-0.5 
/type,1,4 ! precise hidden 
eselu,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom, 1, rect,-0.94,0.60,0.0,-0.80 
/show, off ! discontinue plots to file 
/auto,l ! zoom - fit 

csys,1 ! cylindrical coordinate system 
days, 1 
rsys, 1 

*do,iset,2,3 ! define steps to postprocess 
/go 
set, iset 

/com DSC Lower Shell Postl Results-------------------------------------------
esel, a, type,, 1 
nsle 
nsel, r, loc,x,OR-. 0l,OR+.0l 
nsel, r, loc, z, 0.8,L ibc+5 
nsel, u, loc, y, 0,8 
cm, outer,node ! outer surface nodes 
nale 
nsel,r,loc,x, IR-.01,IR+.0l 
nsel,r,loc,z,T bw+.l,L ibc+5 
nsel, u, loc, y, 0,8 
cm, reminnernode ! inner surface nodes 
*qet, totnode, node, ,count 
*do, i, 1, totnode, 1 

!/gopr 
inode-node (0,0,0) 
*get, xt, node, inode, loc, x 
*get, yt, node, inode, loc, y 
*get, zt,node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node (OR,yt, zt) 
nsel, s,node,, inode 
nsel,a,node,ponode 
esln 
esel, r, type,, 1 
nsle 
nlist, inode, onode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node
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/com outer cover plate adjacent to DSC end components 
*do,theta,2*90/26,180,90/26 ! sections at 3.46 degree intervals 
esel,,stype,.2 
nsle 
naelr, locy, theta-l,theta+l 
esln 
eselr, type,,2 
ns le 

inode-node(IR-.46,theta,l.19) 
onode-node(IR-.95,theta,0) 
nlist, inode,onode,onode-inode 
lpath, node,onode 
prsect 
inode-node(IR, thetaTbw) 
onode-node(IR-.49,theta,0) 
niist, inode, onode, onode-inode 
lpath, inode,onode 
prsect 

*enddo ! theta loop 

/com DSC Outer Bottom Cover Plate Weld Postl Results--------------------------
*do,theta,2*90/26,180,90/26 ! sections at 3.46 degree intervals 
esel,s,type,,5 
nsle 
aisel,r, loc,y,theta-l,theta+l 

:esln 
esel, r, type,, 5 
nsle 
*do,ix,IR-.49,IR+.21, (.49+.21)/2 

inode-node (IR, theta, Tbw) 
onode-node(ix, theta,0) 
nlist,inode,onode,onode-inode 
ipath, node',onode 
prsect 

*enddo 
*enddo ! theta loop 

/com DSC Bottom Shield Plug Postl Results 
esel,s,type ,3 
nsle 
nsel, r, loc, z,T obc-.01,T obc+.O1 
cm, outer,node ! outer surface nodes 
nsle 
nsel, r, loc, z,Lbplug-.01,Lbplug+.Oi 
cm, reminner, node ! inner surface nodes 
*get,totnode, node,,count 
*do,i,l,totnode,1 

!/gopr 
inode-node(0,0,L bplug) 
*get,xt,node, inode, loc,x 
*get, yt,node, inode,loc,y 
*get,zt,node, inode, loc,z 
cmsel,s,outer ! select outer surface nodes 
onode-node(xt,yt,Tobc) 
nsel,s,node,,inode 
nsel,a, node,v,onode 
ealn 
nsle 
esln ! select elem attached to nodes twice to capture 3 thru thickness 
esel, r, type,, 3 
nale 
nlist, node, onode,onode-inode 
lpath, inode,onode 
prsect
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cmsel,s,reminner ! select remaining inner surface nodes 
nsel,unode,inode ! unselect Ipath nodes 
cm, reminner,node 

*enddo 

/com DSC Inner Bottom Cover Plate Posti Results------------------------------
esels, type,, 4 
nsle 
nsel, r, loc, z, L bplug-. 01, Lbplug+.01 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r,loc,z,L ibc-.01,L_ibc+.Ol 
cm, reminner, node ! inner surface nodes 
*get, totnode, node,,count 
*do, i, 1, totnode, 1 

/gopr 
inode-node (0,0, L ibc) 
*get, xt, node, !node, loc, x 
*get, yt, node, node, loc, y 
*get, zt,node, node, loc, z 
cmsel,s,outer t select outer surface nodes 
onode-node (xt, yt, Lbplug) 
nsel, s,node, ,inode 
nsel,a,node,ponode 
esln 
esel, r, type,, 4 
nsle 
nlist, node, onode,onode-inode 
ipath, node, onode 
Drsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Grapple Ring Support Postl Results-----------------------------------
esel, s, type,, 6 
nsle 
nselr,locx,OR_gr-.0l, OR_gr+.01 
cm, outer,node ! outer surface nodes 
nsle 
nsel, r, loc, x, IR grs-. 01, IR grs+. 01 
cm, reminner,node I inner surface nodes 
*get, totnode, node,,count 
*do, i,1,totnode,1 

!/gopr 
inode-node (0,0,0) 
*get, xt, node, node, 10c, x 
*get, yt, node, inode, loc, y 
*get, zt,node, node, loc, z 
cmselsouter ! select outer surface nodes 
onode-node (OR gr, yt, zt) 
nsel, s, node,, inode 
nsel, a, node,, onode 
esln 
esel, r, type,, 6 
nsle 
nlist, inode, onode, onode-inode 
lpath, node, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, rem.nner, node 

*enddo
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/com DSC Grapple Ring Postl Results------------------------------------------
esel, s, type,, 7 
ns le 
nsel, r, loc, z, -H gr-. 01, -H_gr+. 01 
nsel, r, loc, x, IR gr-. 1, IR grs+.01 
cm, outer,node ! outer surface nodes 
nsle 
nsel, r, loc, x, IR gr-. 01, IR_grs+. 01 
cm, grnodes,node ! nodes out to grapple ring support IR 
esln,,1 ! only elements within grapple ring support IR 
nsel, r, loc, z, -H gr+Tgr-. 01, -H_gr+T gr+. 01 
nsel, r, loc,x, IRgr-. 1, IR grs+.01 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l, totnode, 1 

!/gopr 
inode-node c0, 0,0) 
*get, xt, node, inode, loc, x 
*get, yt, node, node, loc, y 
*get, zt, node, inode, loc, z 
cmsels,outer ! select all nodes out to grapple ring support IR 
onode-node (xt, yt, -Hgr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist, inode, onode, onode-mnode 
Ipath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect Ipath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate 
/com 
/com bottom row of nodes 
esel, s, type,, 4 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel, r, loc, z,L _bplug-. 01, L bplug+. 01 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com mid row of nodes 
nsle 
nsel, r, loc,x, IR-.l, IR+. 1 
nsel, r, loc, z, Lbplug+.l, Libc-.1 
spoint,, .01, .01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com top row of nodes 
nsle 
nsel,r,loc,x,IR-.I,IR+.l 
nsel, r, loc, z, Libc-. 1, Libc+.1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
hforce 

/com Nodal Forces for Weld of Outer Bottom Cover Plate------------------------
esel,s,type,,2, 5,#3 
nsle 

<ynsel, r, loc, x, IR-.01, IR+. 01 
nsel,r,loc,z,T bw-.01, T-bw+.01
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spoint,,.01, .01,0 
nlist 
nforce

! summation in cylindrical coordinate system

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsels,loc,z,Hdsc/2-.1,H.dsc/2+.l 

prrsolfz 

allsel 

/com Stress Plots 
/num,0 ! numbers and colors 
/device,vector,0 ! raster plots 
ernorm, off 
dsys,0 
/show,file,,0 ! plot to file 
! /edge,,1,10 ! edge plot

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 ! unselect contact elemi 
csys,0 ! cartesian coordinates 
nsel,u, locx, IR-0.5,OR+.01 
nsel,u,loc, zH_dsc/4,H-dsc/2+.Ol 
esln,,1 
csys,l ! cylindrical coordinati 
/auto,1 ! zoom - fit 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/zoom,1,rect,-0.70,0.74,0.36,-0.80 
/auto,1 ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.77,0.J9,0.44,-0.69 
/auto,l ! zoom - fit

/dscale,,1

ents 

es

! displacement scale

/com shell elements 
esels,type,,l 
nsle 
csys,0 c c 
nsel,uloc,x, IR-O.5,OR+.01 
nsel,u, locz,H dsc/4,H dsc/2+.01 
esln,,l 
esel,r, type,,1 
csys,1 ! c 
/view,,-0.2,-0.8,-0.5 
plnsol,sint,O ! p 
/view,,0.2,0.8, -0.5 
/replot 

/com outer cover plate elements 
eselastype,,2 
nsle 
csys,0 ! c 
nsel,u, locx, IR-0.5,OR+.O1 
esln,,1 
esel,r,type,.2 
csys,1 ! C 
/view,,-0.2,-0.8,-0.5 

1 plnsol,s,int,0 ! p

artesian coordinates 

ylindrical coordinates 

lot stress intensity 

artesian coordinates 

ylindrical coordinates 

'lot stress intensity
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/zoom,1, rect, -0. 40,0.80,0.4 6,-0.84 
1/auto, 1 
/view, ,0.2, 0.9, 0.5 
/replot 
/zoom,1,rect,-0.40,0.80,0.46,-0.84 
I auto, 1

/com outer cover plate weld elements 
esel, SO typer # 5 
na le 
csys,0 cartel 
nael,u,loc,x, IR-0.5,OR4.0l 
esin, , 
esel, r, type,, 5 
csys'l 1 cylin4 
Iview,,-0.2,-0.8,-0.5 
plrasol,s,int,0 plot 
Iview, ,O.2,0.9,0.5 
I replot 

/cam shield plug elements 
esel,s,type, ,3 
ns le 
Iview, ,-0.2,-0.S,-0.5 
plnsol,s,int,0 plot 
/view, ,0.2,0.9,O.5 
lreplot 

/cam inner cover plate elements 
cadls, type,, 4 
ns le 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 1plot 
/view, ,0.2,0.8,0.5 
Ireplot 

Icom grapple ring support elements 
esel, s, type,,.6 
nale 
/view, ,-0.2,-0.B,-O.5 
plnsol,s,int,0 ! plot 
Iview,,0.2,0.6,0.5 
/replot 

Icomn grapple ring elements 
esel, s, type,, 7 
ns le 
/view, ,-0.2,-0.S,-0.5 
plnsol,s,int,0 plot 
/view,,0.2,0.6,0.5 
/replot

dsya, I 

*enddo 

ailsel 

f ini

aian coordinates 

drical coordinates 

stress intensity 

stress intensity 

stress intensity 

stress intensity 

stress intensity

! end load step loop

exit, nosave

bur--ul
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PTHR (anal' 

Date/Time: 6/9/00 11:40 P1 

ANSYS Version: 5.3 PC3861486 

Hardware Summary: 

Operating System: Windows NT Vei 

CPU: Dual Pentium-Ill 

Analysis Modules Used: OPREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Ram push load.  

Analysis Type: !Static 

Materials: *Unear 

Geometry: Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

ysis) (1) PB24PTHR (postprocessing) (1)

6/10/00 5:25 PM

r. 4.0 

1450 MHz 

!SOLUTION *POST1 

ell Assembly: Shell and bottom end components

+- thermal load cases (2)

,Thermal 

Non-Unear 

_Non-Linear

Other:

Contac49: 3-D point to surface contact 

Combin14: 3-D spring damper

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By:

Checked By:

Date: C(//, (,Oc.  

Date: 4,1/ozT,

m•

m • mm • ---

8Steied-Rff. etitker , .

M

m
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B24PTHR. inp

/batch, list 
Ifilname, b24pthr 
/title,24P-short DSC Shell Assembly (Bottom 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic 
et,2,solid45 ! 3-D Elastic/Plastic 
et,3,solid45 ! 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 ! 3-D Elastic/Plastic 
et,6,solid45 ! 3-D Elastic/Plastic 
et,7,solid45 ! 3-D Elastic/Plastic

et, ll,solid45 

et,20,contac49 
! r,201,1.OE+07 
r,202,1.0E+06,1E7/100 
r, 203,1.OE+06,1E7/l00 
keyopt, 20,7,1 

et,22,combinl4 
keyopt,22,2,3 
r,22,50

tref,70

End, 180 Degree Model)

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover P1 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

! 3-D Elastic/Plastic Solid - DSC Upper Shell 

! 3-D point to surface contact elements 
! normal stiffness of gap elem btwn plug & shell 

! norm/tan stiffness of gap elem btwn plug & outer plate 
! norm/tan stiffness of gap elem btwn plug & inner plate 
! keyopt (7)-i

3-D spring-damper for shield plug stability 
uz direction only 
50 lb/in

! reference temperature

y-/com material 1 - DSC Shell: SA-240 Type 316 (lUCr-aNi) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,1,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,1,0,8.76E-06,8.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxy, 1,0.29 

/cam material 2 - Shield Plugs: SA-36 (C-Mn-Si) * 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.SE+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdataalpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29 

csys,0 ! cartesian coordinates

/com geometry 
T shell-.53 
ON-67.19/2 
IR-OR-T shell 
H-dsc-186.17 

L-otc-H-dsc-0.12

T ibc-0.75 
T.bplug-6.25 
T obc-1.75 
T~bw-0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

i L bplug-T bplug+T-obc ! bottom shield plug location (top surface) 
Libc-Tibc+Tbplug+Tobc ! inner bottom cover plate location (top surface)

! outer radius of the grapple ring & support

! l 
!

! ! 
l 
!

! ! 
! 
!

rOagr-8.0
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inner radius of the grapple ring 
thickness of the grapple ring 
height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

Icom lower shell keypoints 
k,l,OR-0.25 
k,2, IR+0.21 
k,3,IR,,T_bw 
k,4,ZR,,Lbplug 
k,5, IR,,L ibc 
k,6, IR,,H_dsc/2 
k,7,OR,,H-dsc/2 
k, 8, OR,, L_ibc 
k, 9, OR,, Lbplug 
k,10, OR,, 0.75

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,IR-l.4 
k,23,ORgr ! outer radius of grapple ring 
k,24,IRgrs ! inner radius of grapple ring 
k,26,0,0,0 ! center at bottom surface 
k,28,0,,Tobc ! center at top surface 
k,30,IR grs,,T_obc ! line up with KP24 
k,31,OR gr,,T obc ! line up with KP23 
k,32,R-0.93,7Tobc ! outer radius (chamfer) at top surface

/com bottom shield plug keypoints 
k,40,IR,,T obc ! outer radius at bottom surface 
k,41,0,,T obc ! center at bottom surface 
k,42,0,,Lbplug ! center at top surface 
k,43,IR,,Lbplug ! outer radius at top surface

/com inner bottom cover plate keypoints 
k,50,IR,,Lbplug ! outer radius at bottom surface 
k,51,0,,L bplug ! center radius at bottom surface 
k,52,0,,L ibc t center radius at top surface 
k,53,IR,,L_ibc ! outer radius at top surface 
k,54,1R-0.25,,Lbplug ! radius of shield plug contact 
k,55,ZR-0.25,,L ibc ! line up with KP54 

/com grapple ring keypoints 
k,60,ORgr,,-Hgr+Tgr ! interface of grapple ring with support 
k,61,ORgr,,-H"r+0.75 ! outer chamfer 
k,62,ORgr-0.25,,-Hgr 1 outer bottom surface 
k, 63,IZR grs-0.25,,-H gr 
k,64,IRgr+0.25,,-H1gr ! inner bottom surface 
k,65,ZRgr,,-H1gr+0.75 I inner chamfer 
k, 66, IRgr,,-Hgr+Tgr ! inner top surface 
k, 67,IR grs,,-H gr+T gr ! interface of grapple ring with support 
k, 68,ZR grs,,-H1gr+0.75 

/com upper shell keypoints 
k,76,ZR,,Lotc 1 shell inner top 
k,77,OR,,L-otc ! shell outer top

! klist /com meshing ************************************************************* 

Y /com define arcs to sweep volumes and lines

•r.bL&.11.UzU4 1F;:!r14=1- P;51U-7

! ! 
! 
! 
! 
!

!
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-1, lsel,none 
k, 200, 0, ,H dsc/2 
k,201, IR-5,H dsc12 
k, 202,0, IR-5, H_dsc/2 
larc,201,202,200, IR-5 
cm, swp arclline 
lesize, swparcl,,,26,1 

lsel,none 
k,203,IR-7,,H_dsc/2 
k,204,0, IR-7,H dsc/2 
larc,203,204,200,IR-7 
cm, swparc2,line 
lesize,swp arc2, ,,12,1 
allsel 

Icom lower shell elements 
lael,none 
asel,none 
vsel,none 
mat, 1 
type,l 
a,1,2,3,10 
a,3,4,9,10 
a,4,5,9,9 
a,5,6,7,8 
lsel,r,loc,x, IR+0.01,OR-0.0l 
llist 
lesize,all, ,,2 
ksel,s, ,,5,6,1 
lslk,s,l 
/le3Ze,all,2.5,, ,10 
"ksel,s, ,,78,l 
1slk,s,1 
lesize,all,2.5,,,0.1 
vdrag, all,,,,,,1 
esize, 0.5 
vmesh, all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all

*1

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
4" to 0.5" element size 
generate volume along line I (Rswparcl") 
0.5" element height for unmeshed lines

/com outer bottom cover plate elements 
lsel, none 
asel,none 
vsel,none 
type,2 
mat,l 
a,21,22,32,3 
lsel,r,loc,x,IR-l.4,IR ! select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
lslas ! lines contained in above areas 
vdrag,all,,,,,,l ! generate volume along line 1 ("swp.arcl") 
vmesh, all 
vsel,none 
lsla,s ! lines contained in above areas 
v,26,22,kp(0,IR-1.4,0), kp(0,R-1.4,0),28,32,kp(0,IR-.93,T-obc),kp(0,IR-.93,T-obc) 
ksel,s,,,26,28,2 ! select centerline 
lslk,s,l ! lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness 
vmesh,all 

,vsel, s, type, ,2 
cmaoutbotarea

! 26 divisions on "swparcl" 

! 12 divisions on wswparc2" 

! select lines for dividing



3 TRANSNUCLEARV INC.  
1M WEMST

i PRWECT NO:
CALIULA1 ION Nu:

5CE-O1 I REVISION: 0
ý ýI PRJC-O:SE

SCE- 1.0Z24 I PAGE: A30-6 of A30-21

cm, voutbot, volume 
ksel, all 

/com bottom shield plug elements 
lsel, none 
asel, none 
vsel, none 
type 3 
mat, 2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,, 2 ! generate lines along line 2 ("swp arc2") 
v,41,40,kp(0,IR,T obc),kp(O,IR,T_obc),42,43,kp(0, IR-.25,L bplug),kp(0,IR-.25,L_bplug) 
esize,Tbplug/3 I 3 elements thru plate 
vmesh, all 
cm, abotplug, area 
cm, vbotplug, volume 
ksel, all 

/com inner bottom cover plate elements 
lae, none 
asel,none 
vsel, none 
type,4 
mat, l 
a,50, 54,55,53 
vdrag,all,,,,,,1 ! generate volume along line 1 ("swp-arcl") 
v,54,kp(0,IR-0.25,IL bplug),51,51,55,kp(O,IR-0.25,L ibc),52,52 
esize,T.ibc/2 ! 2 elements thru plate 
vmesh, all 
cm, ainbot, area 
cm, vinbot, volume 
ksel, all

/com weld of outer bottcm cover plate 
lsel, none 
asel, none 
vsel, none 
type, 5 
mat, 1 
a,2,21,3,3 
lsel, r, loc, z, 0 
lesize,all,, ,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,, ,,,, ! generate volume along line 1 ("swparcl") 
vmesh,all 
cm, abotweld, area 
cm, vbotweld, volume 

/com grapple support elements 
lsel, none 
asel, none 
v•el, none 
type, 6 
mat,l 
a,23, 60, 67,24 
lselr'locz,-H gr+T_gr ! select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
vdrag,all,, ,,,2 ! generate volume along line 2 ("swparc2") 
esize,T grs ! element height for unmeshed lines 
vmesh,all 
cm, agrapsup, area 
cm, vgrapsup, volume

/cam grapple ring elements 
lselnone4

AI
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asel,none 
vsel,none 
type,7 
mat, 1 
a, 60, 61,686 67 
a, 67,68, 65, 66 
a, 61,62,63,68 
a, 68, 63, 64,65 
lsel,s,loc,z,-Hgr+.l,-H1gr+.7 ! select lines for dividing 
lesizeall,,,1 ! 1 line division 
vdrag,all,,,,,,2 ! generate volume along line 2 ("swp arc2") 
esize,0.75 ! 0.75 element size for unmeshed lines 
vmesh, all 
cm, agraprngarea 
cm, vgraprng, volume 

allsel 

/com merge nodes for material continuity 

esels,type,,l,2.1 
esel,,a, type,,5,7,l 
alsel,below, elem 
nummrg,node ! lower shell to weld to outer bottom cover plate 

a a outer bottom cover to grapple ring components 

allsel 

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only) 

csysl ! cylindrical coordinates 

esel,s,type, ,1,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,Lbplug-.01,Libc+.01 
num•rg,node ! upper & lower welds of inner bottom cover plate 

csys,0 ! cartesian coordinates 

allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num,max ! get maximum node number 
nsym,x,maxnode,all ! reflect all nodes 
esym,,maxnode,all ! reflect all elements 

*do,i,1,7,1 ! merge nodes at line of symmetry (bottom shell components) 
/gopr 
esel, s, type,,i 
nsle 
nummrg, node 

*enddo 

/com tie together grapple to outer bottom cover 
esel,s,type,.6 
allsel,below, elem 
nsel,r,loc, z,0 
esels,type,,2 
ceintf 

/com define contact elements 
//com bottom end plates
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eselstype, .l 
allsel,below, elem 
cm,contlnode 

esel,s, typef,2 
allsel,below, elem 
cmcont2,node 
csys, 1 
nsel,x,loc,x,IR-.94,IR-.92 
csys,0 
cmcont2anode 

esel, s,type,,4 
allselbelow, elem 
cm, cont4.node

! nodes of lower shell 

! nodes of outer bottom cover plate 
! cylindrical coordinates 

cartesian coordinates 
nodes of outer bottom cover plate at ZR-.93 

I nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-.25 
esels,type,,4 
allsel,below, elem 
csysl ! cylindrical coordinates 
nsel,r,loc,x, IR-0.26,1R-0.24 
csys,0 ! cartesian coordinates 
cm,cont4a,node ! inner bottom cover plate nodes at IR-.25

csys, 1 I cylindrical coordinates

esel,a,type,,3 
allsel,below, elem 
nsel,r, loc, xIR 
cm, targ3l,node ! bottom shield plug circumferential nodes

allsel,below, elem 
nsel,r, loc, z,Tobc 
nsel,u,loc,x,ll/12*IR+.l,IR+.01 ! unselect outer row of contact elements 
cm, targ32,node ! bottom shield plug bottom surface nodes (w/o outer row)

allsel,below,elem 
nsel,r,loc, z,TIobc 
nsel,r,loc,x,ll/12*ZR-.5,1R+.01 ! one outer row of contact elements 
cm, targ32a, node ! bottom shield plug bottom surface nodes (outer row) 

allsel,below, elem 
nsel,r, loc, z, Lbplug 
nsel,u,locx,1l/12*IR+.l,1IR+.01 ! unselect outer row of contact elements 
cm,targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
allsel,below, elem 
nsel,r, loc, z, Lbplug 
nsel,r,loc,x,1l/12*IR-.5,ZR+.0l ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes (outer row)

csys,0 ! cartesian coordinates

allsel 
type, 20 

. real,201 
gcgen, contl,targ3l,1 

real,202 
gcgen,cont2,targ32,1 
gcgen, cont2a,targ32a, l 

•., real, 203 \fcqencont4,targ34,1

! generate contact elem btwn plug A shell 

! generate contact elem btwn plug a outer plate 
! gen contact btwn plug & outer pl (outer ring) 

! generate contact elem btwn plug a inner plate
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gcgen,cont4a,targ34a,l ! gen contact btwn plug & inner pl (outer ring) 

/com Define soft springs to stabilize shield plug (connect to outer cover plate) 
/com Valid for thermal + ram 
allsel 
esels,type,,3 
nsle 
nodeli-node(IR,0,T_obc) 
node21-node(-ZR,0,Tobc) 
esel,s,type, ,l 
nsle 
nodelI-node (ZR, 0,T_obc) 
node2J-node (-R, 0,T_obc) 
type, 22 
real, 22 
nsel,all 
e,nodeli,nodelj 
e,node21,node2j 

/cam compress node and element numbering 
allsel 
nnucmp,node 
numcmp, elem 

/cam specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.01 
d,all,uy,0 ! symmetry about x-z plane 
allsel 

/cc. end of shell boundary conditions 
nsela,loc,z,H-dsc/2 ! shell ends at mid-height 

"-dall,uz 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel,r'loc, y#0,.01 
d, all,ux 
allsel 

/com ux couple shield plug to DSC shell for stability (one location) 
/c•m ********* valid for temp a ram loading * 
esel,s,type,,l,3,2 
nsle 
nsel,r,loc,x,IR-.01, IR+.01 
nsel,r, loc, y,0,. 01 
nsel, r,loc, z,Lbplug-.01,Lbplug+.01 
cp, next, ux, all 

allsel 

save 

fini 

/solution 

/com analysis parameters 
antype,static 
eqslv, pcg, le-7 
nropt, auto 
pred, on,v,on 
autotson 
nlgeom, on 
neqit, 500 

1 /cm load step I - 1 lb ram compression lead axisymmetric far end restr.
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/title,24P-s DSC (Bot.End) 1 lb Ram Compression Load 
nsubst, 1,20 
pload-1/2 
csys,1 ! cylindrical coordinat 
nselselocz,-.01,.0l 
nsel, r,loc,x,3.3,5.3 
nsel,u,loc,y,5S,180-57 t select nodes for 6 el 
sf:all,prespload/1.38/6 ! force/area for 6 elem, 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save

es 

ements 
ents

/com load step 2 - 60 kip ram compression load w/ axisymmetric far 
/title,24P-s DSC (Bot.End) 60k Ram Compression Load 
nsubst,l,20 
r,202,1.0E+0?,1E7/100 ! norm/tan stiffness of gap elem btwn plug A 
r,203,1.0E+07,lE7/l00 ! norm/tan stiffness of gap elem btwn plug a 
pload-60000/2 
csysl ! cylindrical coordinates 
nsels,loceze-.01,.01 
nselrrlocx,3.3,5.3 
nselu,loc,y,57,180-57 ! select nodes for 6 elements 
sf,all,pres,pload/1.38/6 ! force/area for 6 elements 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 

.-/save

!Icor load step 3 - 60 kip ram load 
!/title,24P-s DSC (Bot.End) 60k Ram 
!nsubst,l,8 
!csys,1 

I/com Define temps for DSC shell in 
!esel,s,type,,l 
!nsle 
!nsel,r,loc,z,15.5,159.5 
!*get,totnode,node,,count 
!*DO, i,l, totnode,1 

!/gopr 
! tnode-node(0,0,0) 

*get,xt,node,tnode,loc,x 
! *get,ytdeg,node, tnode, loc, y 
! *getzt,node,tnode,locz 
! yt-(180-ytdeg)*3.14156/180 
! ntemp--65.76*yt+370.5 
! bf,tnodetemp,ntemp 
! nsel,u,node,,tnode 
!*enddo

end restr.  

outer plate 
inner plate

+ Temperature Case 5, -40 deg Ambient 
Load + Temp Case 5, -40 deg Ambient 

active fuel region

1/corm Define temps for DSC shell below active fuel region 
lesels,type,,1 
!nsle 
!nselr, loc,z,0,15.5 
"!get, totnode,node,,count 
"!*DO,i,l,totnode,l 

'/gopr 
•. ! tnode-node (0,0,0) 

*get,xt,node,tnode,loc,x

mmmmm.m*mm•m
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I*get,ytdeg, node, tnode,loc, y 
*get, zt, node, tnode, icc, z 
yt-(180-ytdeg)*3.14156/180 
ntemp-9.05*zt-1.355*yt*zt-44.77*yt+230.2 
bf, tnode, temp1 ntemp 
nsel,u~node,,tnode 

!enddo 

I/corn Define temps for Bottom Shield Plug, Cover Plates, Weld £Grapple Ring 
Iesel,s,type, ,2,7,l 
!nsle 
!*get, totnode, node, ,count 
!*DO,i1l,totnode,l 

I Igopr 
Itnode-node (0, 0, 0) 
I getpxt,node,tnode,loc,x 

*get, ytdeg,node, tnode,loc, y 
*get, zt,node,tnode,boc, z 
yt-(180-ytdeg)*3.14156/180 
ntemplm.195*zt*xt-.0410*yt*zt*xt 

I ntemp2-- . 36*yt*xt-4. 99*xti2. 62*zt+394.*7 
I ntemp-ntempl~ntemp2 
bf,tnode,tempontemp 

1 nsel,u, node, ,tnode 
I *enddo 

I allsel 
!c3sys0

! lswrite 
!save 

_/!Isolve 
! save

! end of load step 3

I/corn load step 4 - 60 kip ram load 
!/titbe,24P-s DSC (Bot.End) 60k Ram 
!nsubat, 2,9 
losys, 1 

/com. Define temps for DSC shell in 
!esel,s,type,,1 
!nsle 
!nseb, r, loc,z, 15.5,159.5 
I 'get, totnode,node, ,count 
!*DO,i,l,totnode,l 

U gopr 
1 tnode-node (0,0,0) 

*get,xt,node,tnode,loc,x 
gqet,ytdeg,node,tnode, la~y 

I get,zt,node,tnode,loc,z 
yt- (160-ytdeg)*3 .14156/180 

1 ntemp--55. 48yt+447 .7 
bf,tnode,temp,ntemp 

I nsel,u,node,,tnode 
I *enddo

+ Temperature Case 6, 100 deg Ambient 
Load + Temp Case 6, 100 deg Ambient 

active fuel region

I/corn Define temps for DSC shell below active fuel region 
leadl,a,stype,, 1 
'nsle 
'naebj,r,loc,z,0, 15.5 
'*get,totnode,node, ,count 
!*DO i, 1,totnode,1 

'gopr 
~Y ' tnode-node(0,0,0) -
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*get,xt,node,tnode, loc,x 
*get,ytdeg~node,tnode,loc,y 
*get,zt,node,tnode,loc,z 
yt-(180-ytdeg) '3.14156/190 
ntemp-8.18'zt-1.42*yt'zt-33.49'yt+320.9 
bf, tnode, temp. ntemp 
nsel,ufnode,,tnode 

!*enddo 

! /corn Define temps for Bottom Shield Plug, Cover Plates, Weld &Grapple Ring 
!eselr,stype, .2,7.1 
!nsle 
I 'get,totnode,node. ,count 
!*DO,i,1,totnode,l 

I !/gopr 
tnode-node (0.0, 0) 
* get,xt,node,tnode. loc,x 

* get,ytdeg~node~tnode. loc,y 
I get, zt, node, tnode,lbc, z 
I yt- (180-ytdeg) '3.14156/190 
ntempl-.171*zt'xt-.043*yt'zt'xt 
ntemp2--l.01*yt'xt-4 .49*xt+2 .54*zt+469. 1 
ntemp-ntempl+ntemp2 

I bf, tnode, temp. ntemp 
I nsel,u, node, ,tnode 

I 'enddo 

!allsel 
!csys,0 

!lswrite Iend of load step 4 
!save 
!solve 
! save 

Icam load step 5 - 60 kip ram load + Temperature Case 7, -40 deg Ambient 
/title,24P-s DSC (Bot.End) 60k Ram Load + Temp Case 7, -40 deg Ambient 
naubat, 1,8 
csys, 1 

Icam Define temps for DSC shell in active fuel region 
esel,s, type, .1 
ns le 
nsel. r, loc,z,15.5, 159.5 
'get. totnode, nodep,,count 
*DO,i,l,totnode, 1 

!/gopr 
tnode-node (0,0.0) 
'get, xt. node, tnode,loc, x 
*get,ytdeg,node,tnode, loc,y 
'get, zt,node, tnode,loc, z 
yt- (160-ytdeg) *3.14156/180 
ntemp--74.39*yt+379.6 
bf, tnode, temp,ntexnp 
nsel, ul,node, rtnode 

*enddo 

/com. Define temps for DSC shell below active fuel region 
esel,s, type, .1 
nale 
nsel, r,loetz,0,15.5 
'get, totnode, node, ,count 
'DO, i,l, totnode, 1 Y /gopr
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tnode-node (0,0,0) 
*get, xt, node, tnode,loc, z 
*get, ytdeg, node, tnode, 1cc, y 
*get, zt, node, tnode, 1cc, z 
yt-(180-ytdeg)*3.l4156/180 
ntemp-5.38*zt-.306*yt'zt-69.65*yt+296.2 
bf, tnode, temp. ntemp 
nsel,ufnode, ,tnode 

*enddo 

/cam Define temps for Bottom Shield P'lug, Cover Plates, Weld a Grapple Ring 
esel~s, type,, 2,7,1 
ns le 
*get, totnode, node, ,count 
*D0, i, l,totnode, 1 

!/gopr 
tnode-node (0,0,0) 
*get, xt, node, tnode,loc, x 
*get, ytdeg, node, tnode, Icc, y 
*get, zt, node, tnode,loc, z 
yt-(180-ytdeg) *3.14156/180 
ntempl-. 1221*zt*xt- .0093*yt*zt*xt 
ntemp2--2.1106*yt*xt- . 16*xt+ . 35*zt.323.1 
ntemp-ntempl+ntemp2 
bf, tnode, temp, ntemp 
nsel~urnode, ,tnode 

*enddo 

allsel 
csys, 0 

lswrite Iend of load step 5 
save 
solve 
save 

/com load step 6 - 60 kip ram load + Temperature Case 9, 100 deg Ambient 
/title,24P-s DSC (Bot.End) 60k Ram Load + Temp Case 9, 100 deg Ambient 
nsubst, 1,8 
csys, 1 

/com. Define temps for DSC shell in active fuel region 
esel,sa ,type, I I 
ns be 
nsel,r,loc,z,l5.5,159.5 
*get, totnode, node, ,count 
*00, i,1, totnode, 1 

!/gopr 
tnode-node (0,0,0) 
*qet, xt, node, tuode,loc, x 
*get, ytdeg, node, tnode, 1cc, y 
*get, zt, node, tnode, 1cc, z 
yt- (180-ytdeg) *3.11156/190 
ntemp--60 .05*yt+439. 5 
bf, tnode, temp, ntemp 
nsel, unode,, tnode 

*enddo 

/com Define temps for DSC shell below active fuel region 
esel, s, type, ,1 
nsle 
nseb,r, boc,z,0,15.5 
*qet,totnode,node, ,count 
*DO, i,1, totnode, 1
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!/gopr 
tnode-node (0,0,0) 
*get, xt, node, tnode, 1cc, x 
*get, ytdeg, node. tnode, icc, y 
*get. zt, node, tnode, icc, z 
yt- (l90-ytdeg) 3 .14156/180 
ntemp-4.S75*zt-.3992*yt*zt-53.86*yt+363. 9 
bf. tnode, temp. ntemp 
nsel~utnode. ,tnode 

*enddo 

/cam Define temps for Bottom Shield Plug, Cover Plates, Weld a Grapple Ring 
esel~s~typeo, 2,7,1 
nabe 
*get, totnode, node,, count 
*DO, i, l,totnode, 1 

!/gopr 
tnode-ncde (0,0,0) 
*get,xt,node,tnode, 1cc, x 
'get. ytdeg. node, tnode, 1cc, y 
*get, zt,node, tncde, 1cc, z 
yt- (180-ytdeg) *3.14156/190 
ntempl-. 10608*zt'xt-.012099'yt'zt'xt 
ntemp2--l.632*yt'xt-.7924*xt+1.375*zt+390. 1 
nteiup-ntempl+ntemp2 
bf, tnode, temp. ntemp 
nsel,u, node, ,tncde 

*enddo 

allsel 
cays. 0 

lsvrite 1 end of load step 6 
save 
solve 
save 

fini 

/exit 

/eof
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PB24PTHR. inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com thermal + ram load 
resume, b24pthr, db 
/postl 
file, b24pthr, rat 

/com element plots-----------------------------------------------------------
/show,pb24pthr,pic,l ! plot to file 
/triad,lbot ! triad in lower left corner 
/device,vector,l ! vector plots 
/num,2 ! numbers, no colors 
Ivup,l,-x | x-axis down 
/view,,-0.2,-0.9,-0.5 
/type,1,4 ! precise hidden 
esel,u,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom, 1, rect,-0.94,0.60,0.0,-0.80 
/show, off ! discontinue plots to file 
/auto,l ! zoom - fit 

csysl ! cylindrical coordinate system 
dsys,1 
rsys, 1 

/dscale,,300 ! dacale for load step 2 only 

*doiset,2,6 ! define steps to postprocess 
/go 
set, iset 

/com DSC Lower Shell Postl Results-------------------------------------------
esel, s, type,, 1 
nsle 
nsel, r, locx,OR-.0l,OR+.0l 
nsel,r,loc,z,0.8,L_ibc+5 
cm,outer,node I outer surface nodes 
nsle 
nsel, r, loc, x, IR-. 0, IR+. 01 
nsel, r,loc, z,T bw+.I,Libc+5 
cm, reminner, node I inner surface nodes 
*get, totnode,node,,count 
'do, i, 1, totnode, 1 

!/gopr 
inode-node (0,0,0) 
*get,xt,node,inode,loc,x 
'get, yt, node, node, loc, y 
'get, ztnode, node, loccz 
cmsel,s,outer ! select outer surface nodes 
onode-node (OR,yt, zt) 
nsel, s,node,, mnode 
nsela,nodelonode 
esln 
esel, r, type,, I 
nsle 
nlist, inode, onode, onode-inode 
lpath, inode,onode 
prsect 
cmsel, s, reminner ! select remaining, inner surface nodes 
"nselu,node,,inode ! unselect lpath nodes 
cm, reminner, node
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/com 
/com outer cover plate adjacent to DSC end components 
dotheta,0,190,90/26 ! sections at 3.46 degree intervals 

esel, s. type• • 2 
ns le 
nsel, r loc, y, theta-1 •theta+l 
esln 
esel, rtype, .2 
nsle 

mnode-node (IR-. 46. theta, 1.19) 
onode-node (IR-. 95, theta, 0) 
nlist, inode, onode, onode-inode 
lpath, node, onode 
prsect 
inode-node (IR,theta,T_bw) 
onode-node (IR-.49, theta, 0) 
nlist, inode, onode, onode-inode 
lpath, inode, onode 
prsect 

*enddo !theta loop 

/com DSC Outer Bottom Cover Plate Weld Postl Results--------------------------
*do,theta,0,180,90/26 ! sections at 3.46 degree intervals 
esel, s,typet 5 
nsle 
nsel, r, locytheta-1, theta+1 
esln 
eel, r,typet, 5 
nsle 

*do, ix, IR-.49,IR+.21, (.49+.21)/2 
inode-node(IR, theta,T bw) 
onode-node (ix, theta, 0) 
nlist, inode, onode, onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*enddo !theta loop 

/com DSC Bottom Shield Plug Postl Results-------------------------------------
esel, s, type,, 3 
nsle 
nsel,r,loc,zT_obc-.01,T obc+.01 
cmouternode I outer surface nodes 
nsle 
nsel, rloc,z,L bplug-.01,Lbplug+. 0 
cm, reminner,node ! inner surface nodes 
*get, totnode, node,, count 
*do, iL, totnode, 1 

U/gopr 
inode-node (0,0, Lbplug) 
*get,xt,node, inode, loc,x 
*get, yt, node, inode, loc, y 
*get, zt,node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node (xt, yt, T obc) 
nsel, s, node,, inode 
nsela,node,,aonode 
ebln 
nale 
esln ! select elem attached to nodes twice to capture 3 thru thickness 
esel, r, type,, 3 
nsle 
nlist, inode, onode, onode-inode 
1path, node, onode
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prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect Ipath nodes 
cm, reminner, node 

*enddo 

/com DSC Inner Bottom Cover Plate Postl Results 
esel,s, type, ,4 
nale 
nsel, r, loc, z,Lbplug-. 01, Lbplug+.01 
cmouter, node I outer surface nodes 
nsle 
nael, r, oc, z,L ibc- .01,L ibc+.01 
cm, reminner, node ! inner surface nodes 
*get, totnode, node,, count 
*do, i, l,totnode, 1 

!/gopr 
miode-node (0, O,Libc) 
*get,xtnode, node, loc, x 
*get,yt,node,inode, loc,y 
*get, zt, node, inode, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node (xt, yt, Lbplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 4 
nsble 
nlist, inode, onode, onode-inode 
ipath, inode, onode 
prsect 
cmsel, s,reminner ! select remaining inner surface nodes 
nsel,unode,,inode ! unselect bpath nodes 
cm, reminner, node 

*enddo 

/com DSC Grapple Ring Support Postl Results-----------------------------------
esel, s, type,r, 6 
nsle 
nsel, r, loc, x, OR gr-. 01, OR gr+. 01 
cmouter,node ! outer surface nodes 
nale 
nsel, r, loc, x, IRgrs-.01, ZR grs+. 01 
cm, reminner, node ! inner surface nodes 
*get, totnode, node, ,count 
*do, i, 1,totnode, 1 

!/gopr 
inode-node (0,0,0) 
*get,xt,node, inodeloc,x 
*get,ytnode, inode,locy 
*get, zt,node, inode 1Oc, z 
cmselbs,outer I select outer surface nodes 
onode-node (OR_gr, yt, zt) 
nsel,s,node, ,inode 
nselanodelonode 
esln 
esel,r,type,,6 
nsle 
nlist, inode, onode, onode-inode 
lpath, inode, onode 
priect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect Ipath nodes 
cm, reminner, node
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*enddo 

/com DSC Grapple Ring Posti Results------------------------------------------
esel,s, type, ,7 
n le 
nsel, r, loc, z, -Hgqr-. 01, -H_qr+. 01 
nsel, r, loc, x, IRgr-.1, IR grs+. 01 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r,loc,x,IRgr-.01, IR grs+.01 
cm, grnodes,node ! nodes out to grapple ring support IR 
esln,,l ! only elements within grapple ring support IR 
nsel, r, loc, z, -H gr+Tgr-.01,-H gr+T gr+. 01 
nsel, r, loc,x, IRgr-.1 IR grs+.0l 
cm, reminner,node I inner surface nodes 
*get, totnode, node,, count 
*do, i,1, totnode, 1 

!Igopr 
mnode-node (0,0,0) 
0get, xt, node, node, loc, x 
*get, yt,node, node, loc, y 
*get, zt, node, inode, loc, z 
cmsel,s,outer ! select all nodes out to grapple ring support IR 
onode-node (xt, yt, -Hgr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist, node, onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate------------------------
/com 
/com bottom row of nodes 
esels,type, ,4 
nsle 
nrse,r,loc,x,IR-.01,IR+.01 
nsel, r, loc, z, L bplug-. 01, Lbplug+. 01 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/cam mid row of nodes 
nsle 
nsel,r, loc,x,IR-.1,IR+.1 
nsel, r, loc, z, Lbplug+. 1, Libc-. 1 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com top row of nodes 
nsle 
nsel,r,loc,x,IR-.1,IR+.1 
nsel,r,loc, z,L ibc-.I,LLibc+.1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Outer Bottom Cover Plate------------------------
esel, s, type, ,2,5,3 4• nsle 
nsel, r, loc, x, IR-. 01, IR+. 01
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nsel,rloc, z,T bw-.01,T-bw+.Ol 
spointe.011.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsel, a, loc, z,H dsc/2-.1,Hdsc/2+.l 
nlist 
prrsol, fz 

allsel 

/com Stress Plots-----------------------------------------------------------
/num,O ! numbers and colors 
/device,vector,O ! raster plots 
ernorm, off 
dsys,0 
/show,file,,O ! plot to file 
! /edge,,1,10 ! edge plot

! /dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,utype,,20 ! unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/zoom,l,rect,-0.94,0.60,O.O,-0.80 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom.lrect,-1.02,0.71,-0.07,-0.77 

- /auto,l ! zoom - fit

/dscale,, 1 ! displacement scale

/com shell elements 
eselts type,,1 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,O.2,0.8,-0.5 
/replot 

/cam outer cover plate elements 
esel,s,type, ,2 
nsle 
/view,,-0.2,-O.8,-0.5 
plnsols,int,O I plot stress intensity 
/view,,O.2,0.8,0.5 
/replot

/com outer cover plate we 
esel,s,type,,5 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O 
/view,,0.2,0.8,0.5 
/replot 

/cam shield plug elements 
esel,s,type,,3 
nsle 
/view,,-0.2,-O.8,-0.5 
plnsol,s,mnt, O

Ld elements 

1 plot stress intensity 

plot stress intensityT

I

SCE-01
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/view, ,0.2,0.8,0.5 
/replot

/com inner cover plate elements 
esel,stype,.4 
nsle 
/view,,-0.2,-0.G,-0.5 
plnsol,sint,0 1 plo1 
/view,.0.2,0.8,0.5 
Ireplot 

/com grapple ring support elements 
esel, s,,type,, 6 
nsle 
/view, ,-0.2,-0.8,-0.5 
plnsol,s,int,O ! ploI 
/view,,0.2,0.8,0.5 
/replot 

/com grapple ring elements 
esel, s,type,,7 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plo 
/view,,0.2,0.8,0.5 
/replot

days, 1 

/dscale,,auto

r/enddo

t stress intensity 

t stress intensity 

t stress intensity

! auto scaling for load steps > 2 

! end load step loop

allsel 

fini 

exit, nosave
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number SCE-01.0204 

Run ID: B24PTR2 (anal 

Date/Time: 6110100 4:46 Al 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Vet 

CPU: Dual Pentium-Ill 

Analysis Modules Used: IPREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Ram push load 

Analysis Type: iStatic _ 

Materials: !Linear 

Geometry: Linear S 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) (1) PB24PTR2 (postprocessing) (1)

6/10/00 6:18 PM

r.4.0 

450 MHz

!SOLUTION iPOST1 

ell Assembly: Shell and bottom end components

÷ thermal load cases r

-.Thermal 

Non-Linear 

.Non-Unear

Other

Contac49: 3-D point to surface contact 

Combin14: 3-D spring damper

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table In the body of the 
calculation.

Date: C (/•/epo 

Date: _&,1r//49

m•

I

M

SC
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B24P•R2.inp

/batch, list 
Ifilname,b24ptr2 
/title,24P-short DSC Shell Assembly (Bottom 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic 
et,2,solid45 ! 3-D Elastic/Plastic 
et,3,solid45 ! 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 ! 3-D Elastic/Plastic 
et,6,solid45 ! 3-D Elastic/Plastic 
et,7,solid45 ! 3-D Elastic/Plastic

End, 190 Degree Model)

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover P1 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

et,llsolid45 ! 3-D Elastic/Plastic Solid - DSC Upper Shell 

et,20,contac49 ! 3-D point to surface contact elements 
! r,201,1.OE+07 ! normal stiffness of gap elem btwn plug & shell 
r,202,1.OE+06,1E7/100 ! norm/tan stiffness of gap elem btwn plug a outer plate 
r,203,1.OE+06,lE7/100 ! norm/tan stiffness of gap elem btwn plug a inner plate 
keyopt,20,7,1 ! keyopt (7)-l 

et,22,combinl4 3-D spring-damper for shield plug stability 
keyopt,22,2,3 ! uz direction only 
r,22,50 ! 50 lb/in 

tref,70 ! reference temperature 

S/com material 1 - DSC Shell: SA-240 Type 316 (l8Cr-SNi) * 
mptemp, 1,70,200,300,400,500,600 
dens,l,493/1729 
mpdata,ex,l,1,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.aE+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,l,0,S.76E-06,S.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxyl,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ******** 
mptemp, 1,10,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.SE+06,28.aE+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata,alpx,2,1,0,5.99E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29 

csys,0 ! cartesian coordinates

/com geometry 
T shell-.53 
o0-67.19/2 
IR-OR-T shell 
H-dsc-186.17 

L otc-H dsc-0.12 

T ibc-0.75 
T_bplug-6.25 
T obc-l.75 
T-bw-0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

Lbplug-Tbplug+T_obc ! bottom shield plug location (top surface) 
Libc-Tibc+Tbplug+Tobc ! inner bottom cover.plate location (top surface)

! outer radius of the grapple ring £ support

�h I

! ! 
! 
!

! ! 
l 
!

Ok~gr.-8. 0
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IRgr-5.0 
T_gr-1.00 
H1gr-3.75 
T_grs-0.75 
IRgrs-ORgr-Týgrs 
OR load-8.7412 

/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 
k, 3, IR,, T-bw 
k,4,ZR,, L_bplug 
k,5,IR,,L_ibc 
k,6, IR, Hdsc/2 
k,7,OR, ,Hdsc/2 
k,8,OR,, L_ibc 
k,9,OR,,L_bplug 
k,10,OR,, 0.75

inner radius of the grapple ring 
! thickness of the grapple ring 

height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 

I radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,ZR-0.49 ! weld interface at bottom surface 
k,22,IR-l.4 
k,23,ORgr ! outer radius of grapple ring 
k,24,IR grs ! inner radius of grapple ring 
k,26,0,,0 ! center at bottom surface 
k,28,0,,T_obc ! center at top surface 
k,30,ZR._grs,,Tobc ! line up with KP24 
k,31,ORgr,,Tobc ! line up with KP23 
k,32,IR-0.93,,Tobc ! outer radius (chamfer) at top surface

'com bottom shield plug 
k, *40,IR,,T-obc 
k,41,0,,T obc 
k,42,0,,L_bplug 
k, 43, IR,,L bplug 

/com inner bottom cover 
k,50,IR,,L_bplug 
k,51,0,,Lbplug 
k,52,0,,Libc 
k,53,IR, ,Libc 
k,54,ZR-0.25,, *Lbplug 
k,55,1R-0.25,,L ibc

keypoints 
! outer radius at bottom surface 
! center at bottom surface 
! center at top surface 
! outer radius at top surface 

plate keypoints 
! outer radius at bottom surface 
! center radius at bottom surface 
! center radius at top surface 
! outer radius at top surface 
! radius of shield plug contact 
I line up with KP54

/com grapple ring keypoints 
k, 60, ORgr, , -Hgr+T gr 
k, 61,ORgr,,-H#gr+0.75 
k, 62,OR gr-0.25, ,-H1gr 
k, 63, IR grs-0.25,,-Hgr 
k, 64, IR_gr+0.25, ,-H..gr 
k, 65, IRgr, ,-H gr+0.75 
k, 66, IRgr,, -H]gr+T gr 
k, 67, IRgrs, , -hIgr+T gr 
k, 66, IRagrS,, -Ikgr+0./75 

/com upper shell keypoints 
k,76,IR,,L otc 
k, 77,OR,,Lotc

interface of grapple 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
inner top surface 
interface of grapple

ring with support 

ring with support

! shell inner top 
I shell outer top

klist 

/com meshing ***************************** 

"•./comdefine arcs to sweep volumes and lines

! ! 
l 
! 
! 
! 
! 
! 
! 
!

! ! 
! 

! 
I 
! 
!
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lsel, none 
k,200,0,,H dsc/2 
k,201,IR-5, ,Hdsc/2 
k,202,0,IR-5,fdscl2 
larc, 201,202,200,IR-5 
cm, swp_arcl, line 
lesize,swparcl,,,26,1 

Isel,none 
k,203,IR-7,,H dsc/2 
k,204,0, IR-I,MIdsc/2 
larc,203,204,200,IR-7 
cm, swp_arc2,line 
lesize, swp arc2,, ,12,1 
allsel 

/com lower shell elements 
lsel,none 
asel,none 
vsel,none 
mat, l 
type,l 
a,1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6,7,8 
lsel,r,loc,x,IR+0.01,OR-0.0l 
list 
lesize, all,, ,2 
ksel, , ,5,6,1 
1slk,3,1 
lesize,all,2.5,, ,10 
ksel,3s,,,7,8,1 
lslk,s,1 
lesize,all,2.5, ,,0.1 
vdrag,all,, ,,,# 
esize,0.5 
vmesh, all 
cm, alahell,area 
cm, vlshell,volume 
kselall

! 26 divisions on "swparclu 

12 divisions on "swparc2" 

I select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
4" to 0.5" element size 
generate volume along line 1 ("swp_arcl") 
0.5" element height for unmeshed lines

/com outer bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,2 
mat, l 
a,21,22,32,3 
lsel,r,loc,x,IR-1.4,IR I select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
lsla,s ! lines contained in above areas 
vdrag,all,,,,,,l ! generate volume along line I ('swp_arcl") 
vmesh, all 
vsel,none 
Isla,s ! lines contained in above areas 
v,26,22,kp(OIR-•.4,O),kp(0,IR-1.4,0),28,32,kp(0,IR-.93,TObc),kp(0,IR-.93,T-obc) 
ksel,s,.,26,28,2 ! select centerline 
lslk,s,1 ! lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness 
vmesh, all 
vsel,stype,,2 
cm, aoutbotarea

"".T . . . . . . .. . . . .t . .. . . . .
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cmvoutbot,volume 
ksel,all 

/com bottom shield plug elements 
Iselnone 
asel,none 
vsel,none 
type,3 
mat,2 
ksel,s,kp, ,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swp arc2") 
v,41,40,kp(O,IR,T obc),kp(O,IR,T obc),42,43, kp(0,IR-.25,L bplug),kp(0, IR-.25,L _bplug) 
esize,Tbplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug,area 
cm, vbotplug,volume 
ksel,all 

/cam inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,4 
mat,l 
a, 50,54,55,53 
vdrag.all,,,,,,l ! generate volume along line 1 ("swparcl") 
v,54,kp(0,IR-0.25,L bplug),51,51,55,kp(0,IR-0.25,L ibc),52,52 
esize,Tibc/2 ! 2 element7s thru plate 
vmesh,all 
cm, ainbot,area 
cm, vinbot,volume 

, kael, all

/com weld of outer bottom cov 
lsel,none 
aselnone 
vsel,none 
type,5 
mat, 1 
a,2,21,3,3 
lelr, loc, z, 0 
lesizeall,,,2,0.49/0.21 
vdrag,all,,,,,,1 
vmeshall 
cm, abotweld, area 
cm, vbotweld,volume 

/cam grapple support element.  
lsel,none 
asel,none 
vsel,none 
type, 6 
mat,l 
a, 23, 60, 67,24 
lsel, r, loc, z, -Hgr+T gr 
lesize, all, ,, 2 
vdrag,all,,,,,,2 
esize,Tgrs 
vmesh, all 
cm, agrapsuparea 
cm, vgrapsup, volume 

/com grapple ring elements Tlselnone

! 2 divisions, generate node at IR 
! generate volume along line 1 ("swparcl") 

! select lines for dividing 
! 2 divisions thru support ring thickness 
! generate volume along line 2 (nswparc20) 
! element height for unmeshed lines
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asel,none 
vsel, none 
*type,7 
mat, 1 
a,60, 61,68,67 
a,67, 68, 65, 66 
a, 61, 62, 63, 68 
a,68,63,64,65 
lsel,s,loc,z,-kgr+.l,-Hgr+.7 ! select lines for dividing 
lesize, all,,,1 ! I line division 
vdragall,,,,,,2 ! generate volume along line 2 ("swp_arc2') 
es3ze,0.75 ! 0.75 element size for unmeshed lines 
vmesh, all 
cm, agraprng,area 
cm, vgraprngvolume 

allsel 

/com merge nodes for material continuity 

esel,s, type,,1,2,l 
esel,a, type,,5,7,1 
allselbelow,elem 
nummrg, node ! lower shell to weld to outer bottom cover plate 

a a outer bottom cover to grapple ring components 

allsel 

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only) 
csysl ! cylindrical coordinates 

esel,30type,,,4,3 
allsel,below, elem 
nselr, loc,x, IR-.01,IR+.0l 
nselr,loc,z,Lbplug-.01,Libc+.Ol 
nummrg, node ! upper & lower welds of inner bottom cover plate 

csys,0 I cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num,max 1 get maximum node number 
nsym,x,maxnode,all ! reflect all nodes 
esym,,maxnodeall ! reflect all elements 

*do,i,1,7,1 ! merge nodes at line of symmetry (bottom shell components) 
/gopr 
esel,s,type,,i 
nsle 
nummrg,node 

*enddo 

/com tie together grapple to outer bottom cover 
esel,stype,,6 
illsel,below, elem 
nselr, loc,z,0 
esel,s, type,,2 
ceintf 

/com define contact elements 
/com bottom end plates
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esel,s,type,,1 
allsel,below, elem 
cm, contl,node 

esels,type,,2 
ailsel,below,elem 
cm, cont2,node 
csys, 1 
nsel,r,loc,x,IR-.94,IR-.92 
csys, 0 
cm, cont2anode

esel,s,type,,4 
alsel,below, elem 
cm, cont4,node

! nodes of lower shell 

! nodes of outer bottom cover plate 
! cylindrical coordinates 

! cartesian coordinates 
! nodes of outer bottom cover plate at IR-.93

! nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-.25 
esel,s,type,,4 
allselbelow,elem 
csys,l ! cylindrical coordinates 
nsel, r, loc,x, IR-0.26,IR-0.24 
csys,0 ! cartesian coordinates 
cm, cont4a,node ! inner bottom cover plate nodes at IR-.25

csys, 1 

esel, s, type,, 3 
allsel,below, elem 
nsel, r, loc, x, IR 
cm, targ3lnode

! cylindrical coordinates

! bottom shield plug circumferential nodes

allsel,below, elem 
nsel,r, loc,z,T-obc 
nsel,u,loc,x,11/12*IR+.l,IR+.01 ! unselect outer row of contact elements 
cm, targ32,node ! bottom shield plug bottom surface nodes (w/o outer row)

allsel,below, elem 
nsel, r, loc, z,T_obc 
nsel,r,loc,x,1l/12*IR-.5,IR+.01 ! one outer row of contact elements 
cm, targ32a, node ! bottom shield plug bottom surface nodes (outer row) 

allsel,below, elem 
nsel,r, loc, z,Lbplug 
nsel,u,loc,x,1l/12*1R+.l,IR+.01 ! unselect outer row of contact elements 
cm, targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
allsel,below, elem 
nsel, r, loc, z, Lbplug 
nsel,r,loc,x,l1/12*1R-.5,IR+.01 ! one outer row of contact elements 
cm, targ34a, node ! bottom shield plug top surface nodes (outer row)

csys, 0 I cartesian coordinates

allsel 
type,20 

real,201 ! gcgen,contl, targ3l,1 
real, 202 
gcgencont2,targ32,1 
.gcgen, cont2a, targ32a,1 
real,203 

Sgcgen,cont4,targ34,1

generate contact elem btwn plug a shell 

! generate contact elem btwn plug & outer plate 
gen contact btwq plug & outer pl (outer ring) 

! generate contact elem btwn plug a inner plate
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! gen contact btwn plug & inner pl (outer ring)

/cam Define soft springs to stabilize shield plug (connect to outer cover plate) 
/com Valid for thermal + ram 
allsel 
esels,type, ,3 
nale 
nodeli-node (IR,0,T obc) 
node2i-node (-ZR, 0,Tobc) 
esel,s,type, ,l 
nale 
nodelIj-node (IR, OT_obc) 
node2J-node (-ZR, 0, Tobc) 
type, 22 
real, 22 
nselall 
e,nodeli,nodelj 
e,node21,node2j

/com compress node and 
allsel 
numcmp, node 
numcmp, elem 

/com specify symmetric 
nsels,locy,-.0l.0l 
d,all,uy,0 
allsel

element numbering 

boundary conditions 

! symmetry about x-z plane

/com end-of-shell boundary conditions 
icsys, 1 

- nsel,s,loc,z,H dsc/2 ! shell ends at mid-height 
nseljr, locx,OR-.0l,OR+.0l 
d,all,uz,0 
cays,0 
nsel,s,locz,Hdsc/2 ! shell ends at mid-height 
nsel,r,loc,x,OR-.0l,OR+.0l 
d,all,ux,O 1 restrain point at far end, away from grapple ring 
!nsel,s,loc, z,0.75 
!nsel,r,loc,x,OR-.0l,OR+.0l 
!dallux,0 ! restrain point at near end, near grapple ring 
allsel

/com ux couple shield plug to DSC shell for stability (one location) 
/cca ********* valid for temp a ram loading * 
esel,stype,,l,3,2 
nsle 
nsel,r, loc,x, IR-.0l,IR+.0l 
nsel,r,loc,y,0.01 
nselr, locz,Lýbplug-.01,L bplug+.01 
cp, next,ux, all 

allsel 

save 

fini 

/solution 

/cam analysis parameters 
antype, static 

<.j' eqslv, pcg, le-7 
nropt,auto

0O:
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predon, ron 
autotson 
nlgeom, on 
neqit,200 

/com load step 1 - 1 lb ram compression load w/ far end restr.  
/title,24P-s DSC (Bot.End) 1 lb Ram Compression Load 
nsubst,l,8 
pload-1/2 
csys, 1  ! cylindrical coordinates 
nsels,loc,z,-.01,.0l 
nsel, r, loc,x,3.3,5.3 
nselu,locy,57,180-57 ! select nodes for 6 elements 
sfall,pres,pload/l.38/6 ! force/area for 6 elements 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - 60 kip ram compression load w/ far end restr.  
/title,24P-s DSC (Bot.End) 60k Ram Compression Load 
nsubst,1,8 
r,202,l.OE+05,1E7/100 ! norm/tan stiffness of gap elem btwn plug 
r,203,l.OE+05,1E7/100 ! norm/tan stiffness of gap elem btwn plug 
pload-60000/2 
csysl ! cylindrical coordinates 
nsel,s,loc,z,-.0, .01 
nsel, r, loc,x,3.3,5.3 
nsel,u, loc,y,57,180-57 ! select nodes for 6 elements 

-'sfallpres,pload/l.38/6 ! force/area for 6 elements 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save

!/com load step 3 - 60 kip ram load 
!/title,24P-s DSC (Bot.End) 60k Ram 
!nsubst,l,9 
!cays, 1 

!/com Define temps for DSC shell in 
!esel,s,type,,l 
!nsle 
!nsel,r, loc, z,15.5,159.5 
!*get,totnode,node,,count 
!*DO, i,l,totnodel 
! !/gopr 
! tnode-node(0,0,0) 

*getxt,node,tnode, loc,x 
S*get,ytdeg,node,tnode, loc, y 

*get,zt,node,tnode,loc,z 
yt--(180-ytdeg)*3.14156/180 
ntemp--65.76*yt+370.5 

! bf,tnodetemp, ntemp 
nsel,u,node,,tnode 

!*enddo

& outer plate 
a inner plate

+ Temperature Case 5, -40 deg Ambient 
Load + Temp Case 5, -40 deg Ambient 

active fuel region

Stlcom Define temps for DSC shell below active fuel region 
!esel, a, type,, 1 
insle
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!nsle 
!nsel, r, 1c, z, 015.5 
!*get, totnode, node,, count 
!*D0.i, 1,totnode, 1 

! /gopr 
tnode-node (0, 0, 0) 
*get, xt, node,tnode, loc, x 

t 'get. ytdeg,node,tnode, loc,y 
*get, zt, node, tnode, loc, z 
yt- (190-ytdeg) *3.14156/180 
ntemp-8.18'zt-l.42*yt'zt-33.48*yt+320.9 
bf, tnode, temp. ntemp 

I nsel,utnode, ,tnode 
!*enddo 

I/corn Define temps for Bottom Shield Plug. Cover Plates, Weld a Grapple Ring 
Iesel,s,type,,2,7,1 
Insle 
I 'get, totriode, node,, count 
1*DOi,1.totnode,1 

!/gopr 
tnode-node (0.0, 0) 
*get~xt,node,tnode,boc,x 

I gettytdeg,node,tnode,lIcc. y 
I get, zt,node, tnode, icc, z 

1 yt- (1SO-ytdeg) '3.14156/180 
I ntempl-.171'zt'xt-.043*yt'zt'xt 
I ntemp2--1.01*yt'xt-4.49*xt+2.54*zt+469.1 
I ntemp-ntempl+ntemp2 
I bf. tnode,temp~ntemp 

K! ~nsel~u, node, ,tnode 
!'enddo 

I alisel 
I cays, 0 

!lsvrite Iend of load step 4 
!save 
!solve 
!save 

/com load step 5 - 60 kip ram load + Temperature Case 7, -40 deg Ambient 
/title,24P-s DSC (Bot.End) 60k Ram Load + Temp Case 7, -40 deg Ambient 
nsubst, 1.8 
csyS, 1 

/coiu Define temps for DSC shell in active fuel region 
esel,3#,type, .1 
n le 
nsel, r,loc, z,15.5, 159.5 
'get, totnode, node,, count 
*DO,i,l,totnode,1 

I /gopr 
tnode-node (0,0,0) 
'get, xt, node, tnode, 1cc, x 
'get, ytdeg, node, tnode, bc, y 

* 'et,ztfnode,tnode,loc~z 
yt- (180-ytdeg) '3.14156/180 
ritemp--74 .39*yt+379. 6 
bf, tncde, temp. ntemp 
nsel,u, node, ,tnode 

*enddo 

/cam Define temps for DSC shell below active fuel region
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e3elaftypeol 
n3le 
nsel, r, loc, z, 0, 15. 5 
*gettotnodenode,,count 
*DO, 1, 1, totnode, 1 

!/gopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*qetztnodetnodelocz 
yt-(180-ytdeg)*3.14156/180 
ntemp-5.38*zt-.306*yt*zt-69.65*yt+296.2 
bftnodetempntemp 
n3elunode,,tnode 

*enddo 

/com Define temps for Bottom Shield Plug, Cover Plates, Weld & Grapple Ring 
eselstype,,2,,7.1 
nale 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodeptnodelocy 
*getztnode,,tnodelocz 
yt-(180-ytdeg)*3.14156/180 
ntempl-.1221*zt*xt-.0093*yt*zt*xt 
ntemp2--2.1106*yt*xt-.816*xt+1.35*zt+323.1 
ntemp-ntempl+ntemp2 
bftnodetempntemp 
naelugnode,,tnode 

*enddo 

all3el 
c3y3'0 

l9write end of load step 5 

:ave olve 
save 

/com load step 6 - 60 kip ram load + Temperature Case 8, 100 deg Ambient 
/title,24P-a DSC (Bot.End) 60k Ram Load + Temp Case 6, 100 deg Ambient 
n3ubat,1,6 
c3ysl 

/com Define temps for DSC shell in active fuel region 
e3elstypevl 
nale 
naelrlocz,15.5,159.5 
*gettotnadenode,,Count 
*DOiltotnodel 

!/gopr 
tnode-node(0,0,0) 
*getxtnodetnodeelocx 
*getytdegnodetnodeplocey 
*getztnodetnodelocz 
ytm(1110-ytdeg)*3.111561180 
ntemp--60.05*yt+439.5 
bftnadetemp,,ntemp 
n3elunode.,,tnode 

enddo
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/com Define temps for DSC shell below active fuel region 
e:elta,,type,,l 
n -11 n 1, rlocz,0,15.5 

ttotnodenode,,count 
*Do, 1, 1, totnode, I 

1 /gopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt- (180-ytdeg) *3.14156/180 
ntemp-4.875*zt-.3992*yt*zt-53.86*yt+363.9 
bftnodetempntemp 
nselu1node,,tnode 

*enddo 

/com Define temps for Bottom Shield Plug, Cover Plates, Weld Grapple Ring 
e3el,3#typep#2,7,1 
nale 
*gettotnodepnodepcount 
*DOiltotnodel 

Ugopr 
tnode-node(0,0,0) 
*9etxtnodetnodelocx 
*qetytdegnodetnedelocy 
*getztnodetnodelocz 
yt-(180-ytdeg)*3.14156/180 
ntempl-.10608*zt*xt-.012098*yt*zt*xt 
ntemp2--l.632*yt*xt-.7924*xt+1.375*zt+390.1 
ntemp-ntempl+ntemp2 
bftnodetempntemp 
nselutnode,,tnode 

*enddo 

allsel 
csys'o 

lawrite end of load step 6 
save 
solve 
save 

fini 

/exit 

/eof
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PB24PTR2.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com thermal + ram push load (non-axisymuetric boundary conditions) 
resume,b24ptr2,db 
/postl 
filerb24ptr2, rst 

/com element plots----------------------------------------------------------
/show,pb24ptr2,picl ! plot to file 
/triadlbot ! triad in lower left corner 
/device,vector,l ! vector plots 
/num,2 ! numbers, no colors 
/vup,1,-x ! x-axis down 
/view, ,-0.2,-O.8,-0.5 
/type,1,4 ! precise hidden 
eselu,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom,lrect,-0.94,0.60,0.0,-0.80 
/show, off ! discontinue plots to file 
/auto,l I zoom - fit 

csys,1 I cylindrical coordinate system 
days, 1 
rays, 1 

*do,iset, 3,6 define steps to postprocess 
/go 
set,iset 

/cam DSC Lower Shell Postl Results-------------------------------------------
esel, a, type,, 1 
nale 
nsel,r,loc,x,OR-.01,OR+.01 
nsel, r,loc, z,0.8,L ibc+5 
nsel,u,loc,y0,8 
cm, outer, node ! outer surface nodes 
nsle 
nsel, r, loc,x, IR-.0l, IR+.0l 
nsel, r,loc, z,T-bw+.1,L-ibc+5 
nsel, u, locy, 0,8 
cm, reminner, node ! inner surface nodes 
'get, totnode,node,,count 
*do,i,l,totnode, 1 

!gopr 
mnode-node (0,0,0) 
'get, xt, node, node, loc, x 
'get, yt,node,inode, loc,y 
'get, zt,node,/node, loc z 
cmsel,s,outer ! select outer surface nodes 
onode-node (OR, yt, zt) 
nsel, s, node,, inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 1 
nsle 
nlist, inode, onode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
"nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node
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*enddo 
/cam 
/com shell adjacent to DSC end components 
*do, theta, 2*90/26,1980, 90/2 6 ! sections it 3.46 degree intervals 

es el's,type, 1 ns le 
nsel, r,loc, y,theta-i1 theta+l 

esIn esel, r, type,, 1 
nabe 
*do,ixIR+.21,0R.25,OR.25-(IR+.21) 

mnode-node (IR, theta,T bw) 
anode-node (ix, theta,d0) 
nlist,imode, anode, anode-mnode 
ipath, inode,onode 
prsect 

lenddo 
*do,iz, .75/2, .75, .75/2 

mnode-node (IR, theta,T-bw) 
anode-node (OR, theta, iz) 
nlist,imode, anode, anode-inode 
ipath,imode, onode 
prsect 

*enddo 
*enddo Itheta loopti/corn DSC Outer Bottom Cover Plate Posti Results esel,a, type,, 2 
nale 
nsel, r, oc, z . 0 
nsel, r, oc,x, 0, IR-l.3 
cs a y s O I cartesian coordix 
nselfu, bocfx, IR-O.5, IR4.0l 
csysfl ! cylindrical coor( 
crnfouterfnode ! outer surface no 
ns be 
nsel, r,lbc, zfT abc-. 01,Tobc+.Ol 
nsel,,r, lac,x, 07, R-O.9 
csys,0 ! cartesian coardii 
nseb,,u, loc,x, XR-O.5, IR+.0l 
csys'l ! cylindrical coor~ 
cm, reminner,nade ! inner surface no~ 
'get, totnade, node,,cun 
*do,i,,l,,totnode,,l 

!/gopr 
mnode-node (0, ,T obc) 
*get,, xt, node, mnode, loc, x 
'get, yt,node, mnode, lac,y 
*get,, zt, node, mnode, lac, z 
cmsel,safuter Iselect outer sur 
anode-node (xt, yt, 0) 
nsel, s,nade, f mnode 
nsel,a. nade, # onode 
eain 
eseb, rf type,,f 2 
nsle 
nbist, inod, onode, anode-maode 
lipath, inode fonode 
prsect 
cmnsel,s,reiuinner Iselect remaining 
cm, fremnner, node 1u~lc pt 
nsfebmunnde,,node Iusbc pt 

'enddo 
/cam.

lates 

inates 

riaes 

inates 

des

face nodes

inner surface nodes 
odes
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/com outer cover plate adjacent to DSC end components 
*dotheta,2*90/26,180,90126 ! sections at 3.46 degree intervals 
esel,s,type,,2 
nMle 
nselr, locyetheta-l,theta+l 

* esln 
eselr,type, ,2 
nsle 

mnode-node(IR-.46,theta, 1.19) 
onode-node(IR-.95,theta,O) 
nlist,inode,onode, onode-mnode 
lpath, inode,onode 
prsect 
inode-node(IR,theta,Tbw) 
onode-node(IR-.49,theta,0) 
nlistinodeonodeonode-mnode 
lpath, inode,onode 
prsect 

*enddo ! theta loop 

/com DSC Outer Bottom Cover Plate Weld Postl Results--------------------------
*do, theta,2*90/26,l90,90/26 ! sections at 3.46 degree intervals 
esel,s,type,,5 
nsle 
nselr, loc, ytheta-l,theta+l 
esln 
esel,r,type,,5 
Mie 
*do,ix,1R-.49,IR+.21,(.49+.21)1/2 

inode-node(IR, theta, T_bw) 
onode-node (x, theta, 0) 
nlist,inodeonode,onode-inode 
1pathinodeonode 
prsect 

*enddo 
*enddo ! theta loop 

/com DSC Bottom Shield Plug Postl Results-------------------------------------
esel,s,type, ,3 
nsle 
nsel,r, loc, z,T obc-.0,T obc÷.0l 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r,loc, z,Lbplug-.01,L bplug+.O1 
cm, reminner,node ! inner surface nodes 
*get,totnodenode,,count 
*do,iltotnodei 

!/gopr 
mnode-node (0, O,L bplug) 
*getxt,node,inode, loc, x 
*getyt,node, inode,loc, y 
*getztnode, nodelocz 
cmsel,s,outer ! select outer surface nodes 
onode-node(xtyt,Tobc) 
nsel,s,node,,inode 
nsel, a, node,,gonode 
esln 
nsle 
esln ! select elem attached to nodes twice to capture 3 thru thickness 
esel,r, type,,3 
nsle 
nlist,inode,onode,onode-inode T Ipath, node,onode 
prsect

F



-~ TRANSNUCLEARy INC.  TM VWE"r 

PROJECT NO: SCE-01 REVISION: 0 
, E"ALCULATION NO: SCE-01.0204 PAGE: A31-18 of A31-21 

cmselsreminner i select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Inner Bottom Cover Plate Posti Results 
esel, s, type,, 4 
nsle 
nsel, r, 1oc, z,L -bplug-. 01,L bplug+.0l 
cm,outer,node i outer surface nodes 
nsle 
nsel,r,loc,z,L ibc-.01,L ibc+.0l 
cm, reminner, node ! inner surface nodes 
*get, totnode,node, ,count 
*do, il,totnodel 

!/gopr 
inode-node (0, O,Libc) 
*get,xt,node, inode, loc,x 
*get, yt, node, inode, loc, y 
*get, zt, node, node, loc, z 
cmsel,s,outer ! select outer surface nodes 
onode-node (xt, yt, L bplug) 
nsel,s,node,, mnode 
nsel,a,nodeponode 
esln 
esel, r,type,, 4 
nsle 
nl1st, ino~e, onode, onode-inode 
Ipath, inode, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nselu,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Grapple Ring Support Postl Results-----------------------------------
esel, s, type,, 6 
nsle 
nsel,r,loc,x,ORgr-.01,OR_gr+.0l 
cm,outer,node ! outer surface nodes 
nsle 
nsel, r, loc, x, IRgrs-. 01, IR_grs+. 01 
cm, reminner,node I inner surface nodes 
*get, totnode, node,,count 
*do, i,1,totnode, l 

!/gopr 
inode-node (0,0,0) 
*get, xt, node, node, loc, x 
*get, yt, node, inode, Ioc, y 
*get, zt,node, inode, oc, z 
cmsel,s,outer I select outer surface nodes 
onode-node (OR..gr,yt, zt) 
nsel,s,node,, inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 6 
nale 
nlist, inode, anode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo
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/com DSC Grapple Ring Posti Results------------------------------------------
esel, s, type,. 7 
nsle 
nsel,r,locz, -Hgr-.01,-H_gr+.0l 
nsel,r,loc,x, IRgr-.1,IR grs+.0l 
cmouter,node ! outer surface nodes 
nsle 
nsel,r, loc,x, IRgr-.01, IR grs+.0l 
cm,grnodesenode ! nodes out to grapple ring support IR 
esln,,l I only elements within grapple ring support IR 
nsel, r, loc, z, -Hgr+Tgr-.01, -Hgr+T gr+.0l 
nsel, r, loc,x, IR gr-. 1, IR grs+. 01 
cm, reminner,node I inner surface nodes 
*get, totnode, node,, count 
*do, i,l, totnode, 1 

!/gopr 
inode-node(0,0,0) 
*get, xt, node, inode, 0c, x 
*get, yt, node, inode, loc, y 
*get, zt, node, inode, loc, z 
cmsel,s,outer ! select all nodes out to grapple ring support IR 
onode-node (xt, yt, -Hgr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist, inode, onode, onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate------------------------
/com 
/com bottom row of nodes 
esel,s,type,, 4 
nsle 
nsel,r,locx,IR-.01,IR+.0l 
nsel, r,loc, z,L bplug-.01,L_bplug+. 0 
spoint,,.01,.01,0 ! sunumation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com mid row of nodes 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel, r, loc, z, L bpbug+. l,Libc-.1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com top row of nodes 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel, r, loc, z, LIbc-.l, L ibc+. 1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce t/cam Nodal Forces for Weld of Outer Bottom Cover Plate------------------------
esel,s, type,,2,5,3 
nsle 4. nsel,r,loc,x,IR-.0i, IR+.0l 
nseljr, loc,z,T-bw-.0l,TTbw+.0l
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! summation in cylindrical coordinate system

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsel,s,loc,z,HNdsc/2-.1,H-dsc/2+.l 
nlist 
prrsol, fz 

allsel 

/com Stress Plots-----------------------------------------------------------
/num, O ! numbers and colors 
/device,vector,0 ! raster plots 
ernorm, off 
dsys,0 
/show,file,,0 ! plot to file 
! /edge,,1,10 ! edge plot

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,u, type,,20 ! unselect contact elements 
csys,0 ! cartesian coordinates 
nsel,u,loc,x, IR-0.5,OR+.0l 
nsel,u,loc,z,Hdsc/4,H_dsc/2+.0l 
esln,,l 
csys,1 ! cylindrical coordinates 
/auto,l ! zoom - fit 
/view,,-0.2,-0.S,-0.5 
.plnsol,s,int,0 ! plot stress intensity 
/zoom,lrect,-0.70,0.74,0.36,-0.B0 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom, l,rect,-0.77,0.79,0.44,-0.69 
/autol ! zoom - fit

/dscale,, 1 ! displacement scale

/com shell elements 
esel, s,type,, 1 
nsle 
csys,0 1 c• 
nsel,u, loc,x, IR-0.5,OR+.Ol 
nselu,loc, z,H dsc/4,Hdsc/2+.O1 
esln,,l 
esel,r, type,,1 
csys,l ! c 
/view,,-0.2,-0.6,-0.5 
plnsol,s,int,0 ! p 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elements 
esels,type,,2 
nsle 
csys,0 ! c 
nsel,u, loc, x, IR-0.5,0R+.01 
esln,,1 
esel, r, type,, 2 
csys,l c I/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! p

artesian coordinates 

ylindrical coordinates 

lot stress intensity 

artesian coordinates 

ylindrical coordinates 

lot stress intensity

A31-20 of A31-21
SCE-01
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/zoom,1,rect,-0.40,0.80,0.46,-0.84 
/auto, 1 
/view,,0.2,0.8,0.5 
/replot 
/zoom, l,rect,-0.40,0.80,0.46,-0.84 
lauto, l

/com outer cover plate weld e 
esels,type,,5 
nsle 
cays,0 
nsel,u, loc, x, IR-0.5,OR+.0l 
esin,,l 
esel, r, type,, 5 
cays,1 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot

lements 

! cartel

! cyl€ 

! plot

/com shield plug elements 
esels,type,,3 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot 
/view,,0.2,0.9,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,4 
nile S./view,,-0.2,-0.8,-0.5 
plnsol,s,int, O plot 
/view,,0.2,0.8,0.5 
/replot 

/com grapple ring support elements 
eselns,type,,6 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plo1 
/view,,0.2,0.8,0.5 
/replot 

/com grapple ring elements 
esel,s,type,,7 
nale 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plo1 
/view,,0.2,0.9,0.5 
/replot

sian coordinates

ndrical coordinates 

* stress intensity 

* stress intensity 

* stress intensity 

t stress intensity 

t stress intensity

! end load step loop

fini 

exit, nosave

days, 1 

*enddo 

allsel

UT
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ANSYS Analysis Summary & Computer Run Coversheet

I
rsis) () PB24PTR3 (postprocessing) (1)

6/10/00 9:55 AM

r. 4.0 

1450 MHz

Calculation Number. SCE-01.0204 

Run ID: B24PTR3 (anal) 

Date/Time: 6/1/00 9:55 AMI 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Vei 

CPU: Dual Pentium-Ill 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Ram push load 

Analysis Type: _Static _ 
Materials: *Linear 

Geometry: Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

I thermal load cases '2

YThermal 

Non-Linear 

_Non-Linear

Other.

Contac49: 3-D point to surface contact 

Combin14: 3-D spring damper

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: 

Checked By:

Date: 4(jXq /0-0 

Date: G ,/-

.tSOLUTION _POST1 

ell Assembly: Shell and bottom end components

ell 
1IW

t
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/batch, list 
Ifilname,b24ptr3 
/title,24P-short DSC Shell Assembly (Bottom 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic 
et,2,solid45 ! 3-D Elastic/Plastic 
et,3,solid45 ! 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 ! 3-D Elastic/Plastic 
et,6,solid45 ! 3-D Elastic/Plastic 
et,7,solid45 ! 3-D Elastic/Plastic

etll,solid45 

et,20,contac49 
! r,201,1.OE+07 
r,202,1.0E+06,1E7/l00 
r,203,1.0E+06,1E7/l00 
keyopt, 20,7, 1

End, 180 Degree Model)

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover PI 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

! 3-D Elastic/Plastic Solid - DSC Upper Shell 

! 3-D point to surface contact elements 
! normal stiffness of gap elem btwn plug & shell 

! norm/tan stiffness of gap elem btwn plug & outer plate 
! norm/tan stiffness of gap elem btwn plug & inner plate 
! keyopt (7)-1

et,22,combinl4 ! 3-D spring-damper for shield plug stability 
keyopt,22,2,3 ! uz direction only 
r,22,50 1 50 lb/in 

tref,70 ! reference temperature 

,-/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-SNi) ********** * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdataexl,,1,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.BE+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,1,l,0,8.76E-06,8.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxy,l,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) * 
mptemp,1,70,200,300,400,500,600 
dens,2,490/1728 
mpdataex,2,l,29.5E+06,28.SE+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdataalpx,2,l,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell-.53 
OR-67.19/2 
IR-OR-T shell 
N-dsc-186.17 

L otc-H dac-0.12 

T ibc-0.75 
T~bplug-6.25 
T obc-1.75 
T-bw-0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

r Lbplug-Tbplug+T-obc !. bottom shield plug location (top surface) 

r Libc-Tibc+T-bplug+Tobc ! inner bottom cover plate location (top surface) 

fORgr-8.0 1 outer radius of the qrapple. ring & support

SCE.I

I ! 
! 
I

! ! 
! 
!
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IR gr-5.0 
T_gr-l. 00 
lgr-3.75 
T7grs-0. 75 
IR grs-OR gr-Tgrs 
ORfload-87.74/2

/com lower shell keypoLnts 
k, l,OR-0.25 
k,2,IR+0.21 
k, 3, IR, ,T bw 
k,4,IR,, Lbplug 
k, 5, IR,, Libc 
k, 6,IR, ,Hdsc/2 
k,7,OR,,AHdsc/2 
k,B,OR,,LibC 
k, 9,OR,, Lbplug 
k,10,OR, ,0.75

inner radius of the grapple ring 
thickness of the grapple ring 
height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,IR-l.4 
k,23,ORgr ! outer radius of grapple ring 
k,24,IRgrs ! inner radius of grapple ring 
k,26,0,0,0 ! center at bottom surface 
k,28,0,,T obc ! center at top surface 
k,30,IRkgrs,,T obc ! line up with KP24 
k, 31,OR_gr,,Tobc ! line up with KP23 
k,32,IR-0.93,,Tobc ! outer radius (chamfer) at top surface 

/com bottom shield plug keypoints 
k,40,IR,,Tobc ! outer radius at bottom surface 
k,41,0,,Tobc ! center at bottom surface 
k,42,0,,Lhbplug I center at top surface 
k,43,IR,,Lbplug ! outer radius at top surface 

/com inner bottom cover plate keypoints 
k,50,1R,,Lbplug ! outer radius at bottom surface 
k,51,0,,L_bplug ! center radius at bottom surface 
k,52,0,,Libc ! center radius at top surface 
k,53,IR,,L ibc ! outer radius at top surface 
k,54,IR-0.25,,Lbplug 1 radius of shield plug contact 
k,55,IR-0.25,,Libc I line up with KP54

Icom grapple ring keypoints 
k, 60, ORgr,, -H gr+Tgr 
k,61,OR gr,, -H gr+0.75 
k, 62, OR_gr-0.25,, -Kgr 
k, 63,IRgrs-0.25,,-H gr 
k, 64, ZR gr+O.25,,-H gr 
k, 65, IRgr,, -HIgr+0.75 
k, 66, ZRgr,, -HIgr+Tgr 
k, 67,1R grs,, -Hgr+T gr 
k, 68, IRgrs,, -R gr+0.75 

/com upper shell keypoints 
k,76,IR,,L otc 
k,77,OR,CLotc

interface of grapple 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
inner top surface 
interface of grapple

ring with support 

ring with support

! shell inner top 
! shell outer top

tI klist 
coam meshing ****************************** 7/com define arcs to sweep volumes and lines

SCE-01

! ! 
! 
! 
! 
!

! ! 
! 
! 
! 
! 
! 
! 
! 
!

! ! 
! 

! 
! 
l 
!



m TRANSNUCLEAR9 INC.  
TN WEMS"

r APROJECT NO: 
..ALCULATION NO:

I IPMVSlON:
SCE-01.0204 I PAGE:

0
A32-5 of A32-21

lsel, none 
k,200,0,,H dsc/2 
k, 201, IR-5, ,H.dsc/2 
k, 202, 0, IR-5, H_dsc/2 
larc, 201,202,200, IR-5 
cm, swparcl, line 
lesize, swparcl,, ,26, 1 

isel, none 
k,203, IR-7,, Hldsc/2 
k, 204,0, IR-7,H dsc/2 
larc, 203,204,200, IR-7 
cm, swp arc2, line 
lesize, swp arc2, ,,12,1 
allsel 

/comr lower shell elements 
sel, none 

asel, none 
vsel, none 
mat, 1 
typel 
a,1,2,3, 10 
a,3,4,9, 10 
a,4,5,8, 9 
a,5, 6,7, 8 
lsel, r, loc,x, IR+0.01,OR-0.01 
llist 
lesize, all,,,2 
ksel,s, ,,5,6,1 
lslk,s,1 
lesize,all,2.5,,,10 
ksel, s, ,,7,8,1 
lslks,l 
lesize,all,2.5, ,, 0.1 
vdrag, all,,,,,, 1 
esize, 0.5 
vmesh,all 
cm, alshell, area 
cm, vlshell, volume 
ksel,all

! 26 divisions on "swparcl" 

! 12 divisions on "swparc2" 

! select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
4" to 0.5" element size 
generate volume along line 1 ("swparcl") 
0.5" element height for unmeshed lines

/cam outer bottom cover plate elements 
lsel,none 
asel,none 
veel,none 
type,2 
mat, l 
a,21,22,32,3 
lsel,r,loc,x,IR-1.4,IR ! select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
lsla,s ! lines contained in above areas 
vdrag,all,,,,,l ! generate volume along line 1 (fswparcl") 
vmesh, all 
vsel,none 
lslas ! lines contained in above areas 
v,26,22, kp(0, R-1.4,0),kp(0,IR-1.4,0),28,32,kp(0,IR-.93,T-obc),kp(0,IR-. 93,T-obc) 
ksel,s,,,26,28,2 ! select centerline 
lslk,s,l ! lines containing selected keypoints 
les3ze,all,,,2 ! 2 divisions thru plate thickness 
vmesh,all 
vsel,s,type, ,2 
cm, aoutbot, area7

Sc1
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/1

Cmvoutbotvolume 
kselall 

/com bottom shield plug elements 
lsel,none 
asel, none 
vsel, none 
type,3 
mat,2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swparc2) 
v,41,40,kp(0,IR,T obc),kp(0,IRT obc), 42,43, kp (0, IR-.25, L bplug), kp (0, IR-. 25, Lbplug) 
esize,Tbplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug,area 
cm, vbotplug,volume 
ksel,all 

/com inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 4 
mat,l 
a,50,54,55,53 
vdrag,all,,,,,,l ! generate volume along line 1 ("swp arcl") 
v,54,kp(0,IR-0.25,Lbplug),51,5l,55,kp(0,IR-0.25,L ibc),52,52 
es3ze,Tibc/2 ! 2 elements thru plate 
vmesh, all 
cm, ainbot,area 
cm, vinbot,volume 
ksel,all

/cam weld of outer bottom cover plate 
lsel,none 
asel,none 
vsel,none 
type,5 
mat, l 
a,2.21,3,3 
lsel,r, loc, z,0 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
vmesh,all 
cm, abotweld, area 
cm, vbotweldvolume 

/com grapple support elements 
Isel,none 
aselnone 
vsel,none 
type,6 
mat, 1 
a,23,60,67,24 
lsel,r,loc,z,-"gr+Tgr I select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
.vdrag,all,,,,,,2 ! generate volume along line 2 (wswparc2") 
esize,Tgrs ! element'height for unmeshed lines 
vmesh, all 
cm, agrapsup,area 
Cm, vgrapsup,volume 

/com grapple ring elements 
lsel,none

P1i
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asel, none 
vs el, none 
type, 7 
mat, 1 
a, 60, 61, 68, 67 
a, 67, 68, 65, 66 
a, 61,62,63,68 
a,68,63,64,65 
lsel,s, loc,z,-Hgr+.l,-H gr+.7 
lesize, all,,, 1 
vdragall,,,,,,2 
esize,0.75 
vmesh, all 
cm, agraprng, area 
cm, vgraprng, volume

! select lines for dividing 
! 1 line division 
generate volume along line 2 ("swparc2") 
0.75 element size for unmeshed lines

allsel 

/com merge nodes for material continuity

esel,stype,,l,2,1 
esel,a, type,,5,7,1 
allsel,below, elem 
nuzmmrg, node ! lower shell to weld to outer bottom cover plate 

& outer bottom cover to grapple ring components

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

-"'cays, 1 ! cylindrical coordinates

esel, s, type,, 1,4,3 
allsel,below, elem 
nsel, r, loc,x, IR-.01,IR+.0l 
nsel, r, loc, z, Lbplug-.01, L ibc+. 01 
nummrg, node ! upper a lower welds of inner bottom cover plate

! cartesian coordinatescsys, 0 
allsel

/com reflect quarter geometry to generate half model

*get,maxnodenode, ,num,max 
nsym, x,maxnode,all 
esym,,maxnode,all 

*do,i,l,7,1 
/gopr 
esel, s,type,,i 
nsle 
nuwmrg,node 

*enddo 

/com tie together grapple to 
esel, 3, type,, 6 
allsel,below, elem 
nsel, r, loc, z, 0 
esel,stype,,2 
ceintf T/com define contact elements 
/com bottom end plates

I get maxim%= node number 
! reflect all nodes 
! reflect all elements 

! merge nodes at line of symmetry (bottom shell components)

outer bottom cover

CM.#CU_1
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eself S, type# , 1 
ailsel, below, elem 
cmcontlwnode 

esel,s,type,,2 
allsel,below,elem 
cm, cont2,node 
csys, 1 
nsel,rlocxIR-.94,IR-.92 
csysO 
cm, cont2a,node

esel, s, type,,4 
allsel,below, elem 
cmcont4,node

! nodes of lower shell 

nodes of outer bottom cover plate 
! cylindrical coordinates 

cartesian coordinates 
nodes of outer bottom cover plate at IR-.93

! nodes of inner bottom cover plate

/com inner bottom cover plate nodes at ZR-.25 
sel,s, type,,4 

allselbelowelem 
csys,l ! cylindrical co 
nselr,locx,IR-0.26,!R-0.24 
csysO ! cartesian coor 
am, cont4anode ! inner bottom c 

csysl ! cylindrical co

esel,s,type,,3 
allsel,below,elem 
nsel,r, loc, x, IR 
cm, targ3l,node

ordinates 

dinates 
over plate nodes at IR-.25 

ordinates

! bottom shield plug circumferential nodes

allsel,below, elem 
nsel,r,loc,z,Tobc 
nsel,u,loc,x,ll/12*ZR+.l,IR+.01 ! unselect outer row of contact elements 
cm, targ32,node ! bottom shield plug bottom surface nodes (w/o outer row) 

allsel,below, elem 
nsel, r, loc, z,TIobc 
nsel,r,loc,x,ll/12*1R-.5,1R+.01 ! one outer row of contact elements 
cm, targ32a,node I bottom shield plug bottom surface nodes (outer row) 

allsel,below, elem 
nsel, r, loc, z,Lbplug 
nsel,u,loc,x,1l/12*IR+.l,IR+.01 ! unselect outer row of contact elements 
am, targ34,node ! bottom shield plug top surface nodes (w/o outer row) 

/com outer row of contact elements 
allselbelowelem 
nsel,r, loc, z,Lbplug 
nsel,r, loc, x, l1/12*IR-.5,IR+.01 ! one outer row of contact elements 
cm, targ34a,node ! bottom shield plug top surface nodes (outer row) 

csys,0 ! cartesian coordinates

allsel 
type, 20 
! real,201 
! gcgen, contl,targ3l,1 
real,202 
gcgen, cont2,targ32,1 
gcgen, cont2a, targ32a, l 
real,203 
gcgen, cont4,targ34,1

! generate contact elem btwn plug & shell 

! generate contact elem btwn plug a outer plate 
gen contact btwn plug & outer pl (outer ring) 

generate cbntact elem btwn plug a inner plate

w

P 1 
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gcgencont4a,targ34a,1 ! gen contact btwn plug a inner pl (outer ring) 

/com Define soft springs to stabilize shield plug (connect to outer cover plate) 
/com Valid for thermal + ram 
allsel 
eselrs,type,.3 
nale 
nodeli-node(ZR,0,T obc) 
node2i-node(-1R,0,Tobc) 
esel,srtype, l 
n le 
nodelJ-node(IR,0,Tobc) 
node2i-node(-ZR,0,Tobc) 
type,22 
real,22 
nsel, all 
e,nodeli,nodelj 
e,node21,node2j 

/com compress node and element numbering 
allsel 
numcmp, node 
numcmpelem 

/com specify symmetric boundary conditions 
nsels,loc,y,-.0l,.01 
dall,uy,0 ! symmetry about x-z plane 
allsel 

/cam end-of-shell boundary conditions 
csys, 1 
nsel,s,loc,z,H dsc/2 ! shell ends at mid-height 
nselr,loc,x,OR-.0l,OR+.0l 
d,all,uz, O 
csys,0 
nsel,s,loc,z,H.dsc/2 ! shell ends at mid-height 
nsel, r, loc,x,OR-.O,OR+.01 
d,allux,0 ! restrain point at far end, away from grapple ring 
!nsel,s,loc, z,0.75 
!nsel, r,loc,x,OR-.01,OR+.01 
!d, all,ux,0 ! restrain point at near end, near grapple ring 
allsel 

/com ux couple shield plug to DSC shell for stability (one location) 
/com ******** valid for temp a ram loading * 
esels,type,,1,3,2 
nsle 
nsel, r, loc, x, IR-. 01, IR+. 01 
nsel, r, loc, y,0, .01 
nsel, r, loc, z, Lbplug-. 01, Lbplug+. 01 
cp,next,ux,all 

allsel 

save 

fini 

/solution 

/com analysis parameters 
antype, static 
eqslv,pcg, le-7 
nropt, auto
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predonwon 
autotson 
nlgeom, on 
neqit, 200 

/com load step 1 - 1 lb ram compression load w/ far end restr.  
/title,24P-s DSC (Bot.End) 1 lb Ram Compression Load 
nsubst, l,9 
pload-1/2 
csys,1 ! cylindrical coordinates 
nselslocz,-.01,.01 
nsel,r,loc,x,3.3,5.3 
nsel,u,loc,y,57,180-57 ! select nodes for 6 elements 
sf,allpres,pload/l.38/6 ! force/area for 6 elements 
csys,0 | cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/lom load step 2 - 80 kip ram compression load w/ far end restr.  
/title,24P-s DSC (Bot.End) 80k Ram Compression Load 
nsubst,l,8 
r,202,1.0E+05,lE1/100 1 norm/tan stiffness of gap elem btwn plug a outer plate 
r,203,1.OE+05,1E7/100 ! norm/tan stiffness of gap elem btwn plug a inner plate 
pload-80000/2 
csys,1 ! cylindrical coordinates 
nsel,selocpz,-.0l,.01 
nselr,loc,x,3.3,5.3 
nselu,loc,y,57,180-57 ! select nodes for 6 elements 
sf,all,pres,pload/1.38/6 ! force/area for 6 elements 
csys,O ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

!/com load step 3 - 80 kip ram load + Temperature Case 5, -40 deg Ambient 
!/title,24P-s DSC (Bot.End) 60k Ran Load + Temp Case 5, -40 deg Ambient 
!nsubst, 1,9 
!csys,l 

!/com Define temps for DSC shell in active fuel region 
!esel, s,type,,l 
!nsle 
!nsel,r,loc,z,15.5,159.5 
!*get, totnode,node,,count 
!*DO, i,l, totnode,1 

! lgopr 
tnode-node(0,0,0) 
*get,xt,nodetnode,loc,x 

I *get, ytdeg, node,tnode, loc,y 
*get, zt,node,tnode, loc, z 
yt-(180-ytdeg)*3.14156/180 
ntemp--65.76*yt+370.5 
bf, tnode, temp, ntemp t nsel,u, node,,tnode 

"!*enddo 

!/com Define temps for DSC shell below active fuel region 
!esel,s,typc,,l 
!nsle
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1 nsel, r, loc, z, 0, 15.5 
I 'get, totnode,node,, count 
!*DO,i,l,totnode,l 

!/gopr 
tnode-node (0,0, 0) 
*get,xt,node,tnode,loc,x 

I get, ytdeg, node, tnode, 1cc, y 
'get, zt,node,tnode,loc, z 

I yt- (190-ytdeg) '3.14156/180 
ntemp-9.05*zt-1.355*yt'zt-44.177yt+230.2 

I bf, tnode, temp1 stemp 
nselU,node, ,tnode 

I 'erddo 

!I/corn Define temps for Bottom Shield Plug, Cover Plates, Weld a Grapple Ring 
'esel~s~type, ,2,7.1 
Insle 
I 'get, totnode,node,,con 
!*DO,i,l,totnode,l 

!/gopr 
tnode-node (0, 0, 0) 
* get,xt,node,tnode,loc,x 
*get,ytdeg,node,tnode,loc,y 
*get,zt,node,tnode,loc,z 

1 yt-(180-ytdeg) '3.14156/180 
1 ntempl-.195*zt'xt-.0410*yt'zt'xt 
I ntenmp2-- . 36*yt'Kt-4 .99*xt+2 .62*zt+394.*7 
I ntemp-ntempl~ntemp2 
I bf, tnode, temp. stemp 
I sad, 11node,, tnode 
'*enddo 

!allsel 
IcsYs,0

I lswrite 
save 
'solve 
Isave

!end of load step 3

I /corn load step 4 - 80 kip ram load + Temperature Case 6, 100 deg Ambient 
!ltitle,24P-s DSC (Bot.End) 80k Ram Load + Temp Case 6, 100 deg Ambient 
!nsubst, 1,8 
! csys, 1 

!Icom, Define temps for DSC shell in active fuel region 
!esel,s,type, .1 
!nsle 
Insel, r,loc,z,15.5,159.5 
'*get, totnode,node, ,count 
!*DO,i,l,totnode,1 

I !/gopr 
tnode-node (0, 0, 0) 
*getpxt,node,tnode,loc,x 
'get, ytdeg, node, tnode, 1cc, y 
'get, zt, node, tnode, bc, z 
yt-(100-y'tdeg)*3.14156/180 

Sntemp--55.49'yt+447.7 
I bf, tnode, temp. ntemp 

nsel,u,node, ,tnode 
'*enddo 

I/corn Define temps for DSC shell below active fuel region 
lesel,s,type, .17
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e:el, 3,, type# I 
n le 
ns lrlocz,0,15.5 
*q:ttotnodenode,,count 
*DOiltotnodel 

Ugopr 
tnode-node(0,0,0) 
*getxtnodertnodelocx 
*getytdegnodetnodelocy 
*getztnodertnodeelocz 
yt-(160-ytdeg)*3.14156/180 
ntemp-5.38*zt-.306*yt*zt-69.65*yt+296.2 
bftnodetempntemp 
naelpu,,node,,tnode 

*enddo 

/com Define temps for Bottom Shield Plug, Cover Plates, Weld a Grapple Ring 

esels,,type,,2,7,1 nale 
*gettotnodenodeocount 
*DOiltotnodel 

Ugopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodeltnodelocy 
*getzt,,nodetnodelocz 
yt-(160-ytdeg)*3.14156/180 
ntempl-.1221*zt*xt-.0093*yt*zt*xt 
ntemp2--2.1106*yt*xt-.816*xt+2.35*zt+323.1 
ntemp-ntempl+ntemp2 
bftnodetempntemp 
n3elunodeotnode 

*enddo 

allsel 
CSY3,0 

lawrite end of load step 5 
save 
solve 

3 
ve 

/: OM load step 6 - 80 kip ram load + Temperature Case 8, 100 deg Ambient 
/title,24P-a DSC (Bot.End) 80k Ram Load + Temp Case 8, 100 deg Ambient 
nsub3t,1,8 
C3y3,l 

/cam Define temps for DSC shell in active fuel region 
e3el,3,type,,l 
n3le 
n3elrlocz,15.5,159.5 
*gettotnodenode,,count 
*DOiltotnodel 

Ugopr 
tnode-node(0,0,0) 
*getxtnodeptnodelocx 
*getytdegnodeetnodelocy 
*getztnodetnodelocz 
yt-(180-ytdeq)*3.14156/180 
ntemp--60.05*yt+439.5 
bftnodetempntemp 
nselu,,node,,tnode 

*enddo
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/cam Define temps.for DSC shell below active fuel region 
eselstype,,2 
nale 
naelrlocz,0,15.5 
*gettotnodenode,,count 
*DOiltotnodel 

Ugopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*qetztnodetnodelocz 
yt-(180-ytdeg)*3.14156/100 
ntemp-4.875*zt-.3992*yt*zt-53.86*yt+363.9 
bftnodetempntemp 
naelulnode,,tnode 

*enddo 

/cam Define temps for Bottom Shield Plug, Cover Plates, Weld Grapple Ring 
ezels,,type,,2,7.1 
n3le 
*gettotnadenode,,count 

*DOipltotnodel 
!/qopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt-(160-ytdeg)*3.14156/160 
ntempl-.10608*zt*xt-.012098*yt*zt*xt 
ntemp2--l.632*yt*xt-.7924*xt+1.375*zt+390.1 
ntemp-ntempl+ntemp2 
bftnodetempntemp 
n3elunode,,tnode 

*enddo 

allsel 
CSY3,0 

lawrite end of load step 6 
:ave 
olve 

save 

fini 

/exit 

/eof
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PB24PTR3.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/cam thermal + ram push load (non-axisynmetric boundary conditions) 
resume,b24ptr3,db 
/postl 
file,b24ptr3,rst 

/com element plots-----------------------------------------------------------
/show,pb24ptr3,pic,l ! plot to file 
/triad,lbot ! triad in lower left corner 
/device,vector,l ! vector plots 
/num,2 ! numbers, no colors 
/vup,1,-x ! x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 ! precise hidden 
esel,u,type,,20 ! unselect contact elements 
aplot ! plot elements 
/zocm,l,rect,-0.94,0.60,0.0,-0.80 
/show, off ! discontinue plots to file 
/autol ! zoom - fit

csys, 1 
dsys, 1 
rsys, 1

*do, iset, 3,6 
/go 

- set, iset

! cylindrical coordinate system 

! define steps to postprocess

/cam DSC Lower Shell Postl Results 
eselatype,,1 
nsle 
nsel,r,loc,x,OR-.01,OR+.01 
nsel,r, loc,z,0.8,L ibc+5 
nsel,u, loc,y,0,8 
cmouter,node ! outi 
nsle 
nsel, r, loc,x, IR-.01, IR+.0l 
nsel,r,loc, z,T bw+.1,L-ibc+5 
nsel, u, boc, y, 0, 8 
cm, reminner, node inni 
*get,totnode,node,,count 
*do, i,l,totnode,1 

!/gopr 
inode-node(0,0,0) 
*get,xt, node,inode, loc,x 
*get,ytnode,inode, loc,y 
*get, zt,node, inode, loc, z 
cmsels,outer ! sel 
onode-node(OR, yt, zt) 
nsel,s,node,,inode 
nsela,node,,onode 
esln 
esel, r, type,, 1 
nsle 
nlist, node, onode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner ! sel 
nsel,u,node,,inode ! uns 
cm, reminner, node

er surface nodes 

er surface nodes 

ect outer surface nodes 

ect remaining inner surface nodes 
elect lpath nodes

Wl

---------------------------------------------

I
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/com outer cover plate adjacent to DSC end components 
*do,theta,2*90/26,180,90/26 ! sections at 3.46 degree intervals 
esels,type,,2 
nsle 
nsel,r, locy,theta-l,theta+l esln 
esel,r, type,,2 
nsle 

inode-node(IR-.46,theta,l.19) 
anode-node(IR-.95,theta,0) 
nlist,Lnode,onode,onode-inode 
ipath, node, onode 
prsect 
inode-node(IR, thetaT bw) 
onode-node(ZR-.49,theta,0) 
nl13t, node,onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo ! theta loop 

/cam DSC Outer Bottom Cover Plate Weld Postl Results--------------------------
*do,theta,2*90/26,180,90/26 ! sections at 3.46 degree intervals 
esel, s, type,,5 
nsle 
nsel, r, loc, y, theta-l, theta+l 
esln 
eselr, type,,5 
nsle 
'do,ix,IR-.49,IR+.21,(.49+.21)/2 

inode-node(IR, theta,T bw) 
o onode-node(ix, theta,0) 
nlist, inode,onode,onode-inode 
Ipath, inode,onode 
prsect 

*enddo 
*enddo ! theta loop 

/com DSC Bottom Shield Plug Postl Results-------------------------------------
esel,s,type,,3 
nsle 
nsel,r,loc,z,Tobc-.01,Taobc+.0l 
cm, outer, node ! outer surface nodes 
nsle 
nsel,r, loc, z,Lýbplug-.01,Lbplug+.0b 
cm, reminner,node ! inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, 1 

!/gopr 
mnode-node(0,0,L bplug) 
*getxt,nodeinodelocx 
*get,ytnodeinodelocy 
*getztnodeinodelocz 
cmsel,s,outer ! select outer surface nodes 
onode-node (xt, yt,T obc) 
nsel,s,node,,inode 
nsela, node,,aonode 
esln 
nsle 
esln ! select elem attached to nodes twice.to capture 3 thru thickness 
esel,r,ttype,,3 
nsle 
nlist, node,onode,onode-mnode 
lpath, inode,onode 
prsect
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cmsel,s,reminner ! select remaining inner surface nodes 
nsel,unode,,inode ! unselect Ipath nodes 
Cro reminner, node 

*enddo 

/com DSC Inner Bottom Cover Plate Posti Results-------------------------------
esel,s, type, ,4 
nsle 
nsel, r, loc, z, L bplug-. 01,iLbplug+.0l 
cm,outer,node ! outer surface nodes 
nale 
nselr, loc,z, L ibc-.01,L ibc+.0l 
cm, reminner, node ! inner surface nodes 
*get, totnode, node,,count 
*do, I, 1, totnode, 1 

!/gopr 
inode-node (0, 0,Libc) 
*get,xtnode, inode, loc,x 
*get,yt, node, inode, loc, y 
*get, zt, node, inode, loc,z 
cmseleseouter ! select outer surface nodes 
onode-node (xt, yt, L bplug) 
nsel, s,node,, inode 
nsel,a,node,,onode 
esln 
esel, r, type,, 4 
nble 
nlist, inode, onode, onode-mnode 
lpath, inode, onode 
prsect 

ncmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
an, reminner, node 

*enddo 

/com DSC Grapple Ring Support Postl Results-----------------------------------
esel, s, type,, 6 
nsle 
nsel,r,loc,x,OR_gr-.01,OR_gr+.01 
cm, outer,node ! outer surface nodes 
nsle 
nsel, r, loc,x, IR_grs-.01, IRgrs+. 01 
cm, reminner,node ! inner surface nodes 
*get, totnode,node,, count 
*do, i, 1,totnode, 1 

!/gopr 
inode-node (0,0,0) 
*get,xt,node,inode,loc,x 
*get, yt, node, node, loc, y 
*get, zt,node, node, loc,z 
cmasel,s,outer ! select outer surface nodes 
onode-node (OR gr,yt, zt) 
nsel,s,node,, inode 
nsel,a node,,onode 
esln 
esel, r, type,, 6 
nble 
nlist, inode, onode, onode-inode 
lpath, inode,onode 
prsect 
cmsels, reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
"cm, remLnner,node 

*enddo



TRANSNUCLEAR9 INC.  TN VVE"' 

PROJECT NO: SCE-01 REVISION: 0 
P. ALCULATION NO: SCE-O1.0204 PAGE: A32-19 of A32-21 

/com DSC Grapple Ring Postl Results-------------------------------------
esel, s,type,,7 
nsle 
nsel,r,loc, z,-H gr-.01,-H gr+.0l 
nsel, r, loc, x, IRgr-.l, IRgrs+.01 
cmwouternode ! outer surface nodes 
nale 
nsel,r,loc,x, IRgr-.0l,lRgrs+.0l 
cm,grnodes,node ! nodes out to grapple ring support IR 
esln,,l ! only elements within grapple ring support IR 
nsel, r, loc, z,-H gr+T gr-.01, -Hgr+T gr+.0l 
nsel,r,loc,x,ZIRgr-.1,IR_grs+.01 
cm, reminnernode ! inner surface nodes 
*get, totnode,node,,count 
*do, il,totnodel 

!/gopr 
inode-node(0,0,0) 
*getwxtnodeinodelocx 
'get, yt,node, inode,loc,y 
*get, zt,node,inode,loc, z 
cmsel,s,outer ! select all nodes out to grapple ring support IR 
onode-node(xt,yt,-Hgr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Inner Bottom Cover Plate 
/com 
/com bottom row of nodes 
esel,s,type,,,4 
nsle 
nsel,r,loc,x, IR-.01, IR+.0l 
nsel,r, loc,z,L bplug-.01,Lbplug+.0l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com mid row of nodes 
nsle 
nsel,r, loc,x,IR-.l,IR+.l 
nsel,r,loc, z,Lkbplug+.l,L ibc-.l 
spoint,,.01,.01,0 ! suamation in cylindrical coordinate system 
nlist 
nforce 
/com 
/cam top row of nodes 
nsle 
nsel,r,loc,x, IR-.l,IR+.l 
nsel,r, loc, z, Libc-.l,L ibc+.l 
spoint,,.01,.0l,0 summation in cylindrical coordinate system 
nlist 
nforce P /com Nodal Forces for Weld of Outer Bottom Cover Plate 
esel, s,type, ,2,5,3 
nsle Y nsel,r, loc,x, IR-.01,IR+.Ol 
nsel,r,loc,z,Tbw-.01,T-bw+.0l
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spoint,,.01,.01,0 
nlist 
nforce

! summation in cylindrical coordinate system

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsel, a,loc, z,H dsc/2-.1,H dsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 
/num,0 ! numbers and colors 
/device,vector,0 ! raster plots 
ernorm, off 
dsys,0 
/show,file,,0 ! plot to file 
! /edge,,1,10 ! edge plot

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,utype,,20 ! unselect contact elements 
csys,0 ! cartesian coordinates 
nsel,u, locx, IR-0.5,OR+.0l 
nsel,u,loc, z,H.dsc/4,H-dsc/2+.Ol 
esln,,l 
csys,l 1 cylindrical coordinates 
/autol ! zoom - fit 
/view,,-0.2,-0.9,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/zoom,l,rect,-0.70,0.74,0.36,-0.80 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.77,0.79,0.44,-0.69 
/auto,l ! zoom - fit

/dscale, , 1 

/com shell elements 
esel,s,type,,l 
nsle 
csys,0 
nsel,u,loc,x,IR-0.5,OR+.0l 
nsel,u,loc, z,Hdsc/4,Hdsc/24 
esln,,l 
esel, r, type,, 1 
csysl 
/view,,-0.2,-0.8,-0.5 
plnsol,s,mnt , 0 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elemer 
esel,s,type,,2 
nsle 
csysO 
nsel,u,loc,x, IR-0.5,OR+.01 
esln,,1 
esel, r, type, ,2 
cays, 1 
/view,,-0.2,-0.8,-0.5 
plnsol, s,int,0

! displacement scale

! cartesian coordinates 

-. 01 

! cylindrical coordinates 

! plot stress intensity 

ktl 

! cartesian coordinates 

! cylindrical coordinates 

! plot stress intensity

rk

J
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/zoom,l, rect,-0.40,O.80,0.46,-0.84 
/auto, l 
/view,,0.2,0.9,0.5 
/replot 
/zoom,lrect,-0.40,0.80,0.46,-0.84 
/auto, 1

/com outer cover plate weld elements 
esel,s, type, #5 
nale 
csys,0 ! carte: 
nsel,u, loc,x, IR-0.5,OR+.0l 
esln,,l 
esel,r, type, ,5 
csys,l 1 cylin 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot 
/view,,0.2,0.8,0.5 
/replot 

/cCM shield plug elements 
esel, s,type,, 3 
nale 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot 
/view,,0.2,0.9,0.5 
/replot 

/cc. inner cover plate elements 
esel,s,type,,4 
~. ale 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot 
/view,,0.2,0.8,0.5 
/replot 

/com grapple ring support elements 
eselstype,,6 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot 
/view,,0.2,0.8,0.5 
/replot 

/cam grapple ring elements 
esel,s,type,,7 
nile 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I plot 
/view,,0.2,0.$,0.5 
/replot

sian coordinates 

drical coordinates 

stress intensity 

stress intensity 

stress intensity 

stress intensity 

stress intensity

! end load step loop

fini 

exit,nosave

days, 1 

*enddo 

allsel

, I 

T
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: 

Run ID: 

Date/Time: 

ANSYS Version: 

Hardware Summary: 

Operabng System: 

CPU: 

Analysis Modules Used: 

Component Analyzed: 

'oads Considered:

SCE-01.0204

B24THER2 (analysis) (1) PB24THRM (analysis) (1)

6/14/00 1:30 PM 

5.3 PC3861486 

Windows NT Ver. 4.0 

Dual Pentium-l 266 MHz 

*PREP7 !SOLUTION 1POST1 

24P-FO DSC Shell Assembly: Shell and bottom end components 

Steady State Thermal Solutions for Thermal cases 15. 16, and 26 ) for
"refined mesh" temperature distribution

Analysis Type: _Static 

Materials: jLlnear 

Geometry: -Linear 

Element Types Used: 

Solid70: 3-D thermal solid

_ Thermal 

Non-Linear 

!Non-Linear

Other_.

Other Information: 

1. Input filenames use .inp extensions.  
2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 

calculation.  
3. Results from this calculation are read into the appropriate load step for runs requiring any of the 

above temperature loads.  

Run By: Date: 

Checked By: Date: 
St-vin IF .St•iti r / /

IV

I1

r

/
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ANSYS Analyst 

Calculation Number: SCE-01.02 

Run ID: B24THER 

Date/Time: 6/14/00 1 

ANSYS Version: 5.3 PC386 

Hardware Summary: 

Operating System: Windows I 

CPU: Dual Penti 

Analysis Modules Used: 1P 

Component Analyzed: 24P-FO DQ 

Loads Considered: Steady StU 
"refined mesh" te 

Analysis Type: -Static 

Materials: SUnear 

Geometry: 'Linear 

Element Types Used: 

Solid70: 3-D thermal solid

REVISION: 0 
PAGE: A33-2 of A33-27

s Summary & Computer Run Coversheet 

04

2 (analysis) (1)

:30 PM

PB24THR2 (analysis) (1)

6119100 1:22 PM

/486

IT Ver. 4.0 

um-Il 266 MHz 

REP7 !SOLUTION _POST1 

SC Shell Assembly: Shell and bottom end components 

ate Thermal Solutions for Thermal cases 15, 16, and 26 0 for 
mperature distribution

"* Thermal 

Non-Linear 

!Non-Linear

Other.

Other Information: 

1. Input filenames use .inp extensions.  
2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 

calculation.  
3. Results from this calculation are read into the appropriate load step for runs requiring any of the 

above temperature loads.

Run By:

Checked By:

Michael E. Cohen
Date:

Date:_____ __

Steven R. StreutkerrP
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B24THER2.inp 

/batch, list 
/filname,b24ther2 
/title,24P-FO DSC Shell Assembly (Bottom End, 180 Degree Model) 
/com refined model in region of grapple ring assembly 
/prep7

/com shell assembly components 
etl,solid45 ! 3-D Elastic/Plastic 
et,2,solid45 ! 3-D Elastic/Plastic 
et,3,solid45 ! 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 ! 3-D Elastic/Plastic 
et,6,solid45 ! 3-D Elastic/Plastic 
et,7,solid45 ! 3-D Elastic/Plastic 

et,ll,solid45 ! 3-D Elastic/Plastic

!et,20,contac49 
!r,201,1.OE+07 
!r,202,1.OE+06 
Ir, 203,1.OE+06 
!keyopt,20, 1,1 

Set,22,combin14 
keyopt,22,2,3 
:,22,50

_tref , 70

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover PI 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

Solid - DSC Upper Shell

3-D point to surface contact elements 
normal stiffness of gap elem btwn plug & shell 
norm stiffness of gap elem btwn plug & outer plate 
norm stiffness of gap elem btwn plug a inner plate 
keyopt (7)-l

3-D spring-damper for shield plug stability 
uz direction only 
50 lb/in

! reference temperature

/com material I - DSC Shell: SA-240 Type 316 (ISCr-SNi) ** * ** * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,exl,l,28.3E+06,27.6E+06,27.0E+06,26.5E+06,25.aE+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,l,0,S.76E-06,8.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxy,1,0.29 

/com, material 2 - Shield Plugs: SA-36 (C-Mn-Si) ******* * 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.SE+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell-.53 
o0-67.19/2 
IR-OR-T shell 
H dsc-186.17 

L-otc-Hldsc-0.12 

T ibc-0.75 
Tfbplug-6.25 
Tobc-1.75 
T-bw-0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

! outer top cover plate location (top surface)

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

L bplug-T bplug+Tobc ! bottom shield plug location (top surface) 
Libc-T-ibc+Tbplug+T_obc ! inner bottom cover plate location (top surface)

! outer radius of the grapple ring & support

I REVISION: 0

! ! 
! 
! 
!

! ! 
! 
!

! I 
! 
!

OR..gr-8. 0



.e TRANSNUCLEAR, INC.  
FW"* T ' WE•ST

eJECT NO:
CALCULATION NO:

SCE-01 I REVISION:
SCE-O1.0204 I PAGE:

0
A33-4 of A33-27

IR_gr-5.0 
Tgr-1 .00 
Hgr-3.75 
T grs-0.75 
IR grs-ORkgr-Tgrs 
OR load-8.74/2

/com lower shell keypoints 
kI, lOR-0.25 
k,2,IR+0.21 
k,3,IR,,T bw 
k, 4,IR,,L bplug 
k,5,ZR, ,L ibc 
k, 6, IR, ,Rdsc/2 
k,7,OR, H-dscI2 
k,,OR, ,Libc 
kI, 9,OR,, Lbplug 
k,10,OR,,0.75

inner radius of the grapple ring 
thickness of the grapple ring 
height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,IR-0.49 ! weld interface at bottom surface 
k,22,ZR-1.4 
k,23,ORgr ! outer radius of grapple ring 
k,24,1Rgrs I inner radius of grapple ring 
k,26,0,0,0 ! center at bottom surface 
k,29,0,,T obc 1 center at top surface 
k,30,IR grs.,Tobc ! line up with KF24 
.,31,OR gr,,T obc ! line up with KP23 

IR,32,ZR-0.93,,Tobc ! outer radius (chamfer) at top su•rface

Icom bottom shield plug keypoints 
k,40,IR,,T-obc ! outer radius at bottom surface 
k,41,0,,T obc I center at bottom surface 
k,42,0,,L_bplug ! center at top surface 
k,43,IR,,Lbplug ! outer radius at top surface

/com inner bottom cover plate keypoints 
k,50,ZR,,Lbplug ! outer radius at bottom surface 
k, 51,0,,L bplug ! center radius at bottom surface 
k,52,0,,Libc I center radius at top surface 
k,53,ZR,,Libc ! outer radius at top surface 
k,54,ZR-0.25,,Lbplug I radius of shield plug contact 
k,55,ZR-0.25,,Libc I line up with KP54

/com grapple ring keypoints 
k, 60,OR gt,, -H gr+T gr 
k, 61,OR gr, ,-H1gr+O.75 
k, 62,OR gr-0.25,, -Hgr 
k,63,ZR grs-0.25,,-Hgr 
k, 64°,ZR gr+0.25,, -H gr 
k, 65, Zqgr,, -I gr+O.75 
k, 66, ZRgr, , -Hgr+Tgr 
k, 67, IRgrs,, -ILgr+T gr 
k, 68, IR .grs,, -H.gr+O .75 

/com upper shell keypoints 
k, 76, IR,,L otc 
k,77,OR,,Lotc

I
interface of grapple 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
inner top surface 
interface of grapple

ring with support 

ring with support

! shell inner top 
! shell outer top

klist

/com meshing *

/com define arcs to sweep volumes and lines

k .

! ! 
! 
! 
! 
!

! ! 
! 
! 
! 
! 
! 
! 
! 
I
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Isel, none 
k,200,0,,H dsc/2 
k,201,IR-5,,H-dsc/2 
k,202,0,IR-5,H dsc/2 
larc, 201,202,200,IR-5 
cm,swp_arcl,line 
lesize,swparcl,, .26,1

isel, none 
k,203, IR-7, ,Hdsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204,200,IR-7 
cm, s3wparc2,line 
lesize, swp arc2,,,12,1 
allsel 

/com lower shell elements 
lael,none 
asel,none 
vsel,none 
mat,1 
type,l 
a,1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6,7,8 
lsel,r, loc,x,IR+0.01,OR-0.01 
llist 
lesize,all,,,2 
ksel,3s,,,5,6,1 
lslk,s,l 
lesize,all,2.5, .,10 
ksel,s,,,7,8,1 
lslk,s,l 
lesize,all,2.5,, .0.1 
vdragall,,,,,,l 
esize,0.5 
vmesh, all 
cm, alahell,area 
cm, vlshell,volume 
ksel,all

! 26 divisions on "swparcl"

! 12 divisions on "swparc2" 

! select lines for dividing

I

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
4" to 0.5" element size 
generate volume along line 1 ("swp arcl") 
0.5" element height for unmeshed lines

/com outer bottom cover plate elements 
Isel,none 
asel,none 
vsel, none 
type,2 
matl 
a,21,22,32,3 
a,22,23,31,32 
a,23,24,30,31 
lsel,r,loc,xIR-1.4,IR ! select lines for dividing 
list 
lesize,all,,,2 1 2 divisions for selected lines 
lslas ! lines contained in above areas 
lsel,r,loc,x,IRgrs,ORgr ! select lines for dividing 
llust 
les3ie,all, ., 2 ! 2 divisions thru pl thickness G at grapple suppt 
vdrag,all,,,,,,l ! generate volume along line I ("swparcl") 
esize,0.875 ! 0.975" element width for unmeshed lines 
vmesh, all 
vsel,none 
Ilaa,s ! lines contained in above areas 
v,26,24,kp(0,IRgrS,0),kp(0,IRgrs,O),28,30,kp(0,IRgrs,Tobc),kp(0,IRqrs,Tobc)

F-

N"
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ksel,s,, ,26,28,2 
"lslk,s,l 
lesize,all,,,2 
vmesh, all 
vsels,type,,2 
cm, aoutbot,area 
cm, voutbot,volume 
ksel,all

r

SCEi1l I REVISION: 0
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! select centerline 
! lines containing selected keypoints 
! 2 divisions thru plate thickness

/com bottom shield plug elements 
lsel,none 
asel,none 
vsel,none 
type,3 
mat,2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,,2 ! generate lines along line 2 ("swparc2") 
v,41,40, kp1(0,kIR, T-Tobc), kp(0, IRT-obc),42,43,kp(0, R-.25,Lbplug),kp(0, IR-.25,Iýbplug) 
es3ze,Tbplug/3 ! 3 elements thru plate 
vmesh, all 
cm, abotplug,area 
cm, vbotplug, volume 
ksel,all 

/cam inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,4 
mat, l 
a,50,54,55,53 
vdrag,all,,,,,,l ! generate volume along line I ("swparcl*) 
v,54,kp(0,IR-0.25,L bplug),51,51,55,kp(0,IR-0.25,L ibc),52,52 
esize,Tibc/2 ! 2 elements thru plate 
vmesh, all 
cm, ainbot,area 
cm, vinbot,volume 
ksel,all 

/com weld of outer bottom cover plate 
lsel,none 
asel,none 
vsel,none 
type,5 
mat 1 l 
a,2,21,3,3 
Isel, r, loc, z,0 
lesize,all,,,2,0.49/0.21 1 2 divisions, generate node at IR 
vdrag,all,,,,,,l I generate volume along line 1 ("swparcl") 
vmesh,all 
cm, abotweld, area 
cm, vbotweld, volume 

/com grapple support elements 
lsel,none 
asel,none 
vsel,none 
type,6 
mat, 1 
a, 23,60, 67,24 
lsel,r, loc, z,-Hgr+Tgr ! select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
vdrag,all,,,,,,l ! generate volume along line I ("swparcl") 
es3ze,Tgrs ! element heLght for unmeshed lines
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vmesh, all 
cm, agrapsup, area 
cm, vgrapsup, volume 

/com grapple ring elements 
lsel,none 
aselnone 
vsel, none 
type, 7 
mat, 1 
a,60,61,68,67 
a, 67,68,65,66 
a, 61,62,63,68 
a, 68, 63, 64,65 
lael,s,loc, z,-H gr+.1,-H gr+.7 ! select lines for dividing 
lesize,all,,,1 ! 1 line division 
vdrag, all,,,,,, 2 generate volume along line I ("swparcl") 
esize,0.75 1 0.75 element size for unmeshed lines 
vmesh, all 
cm, agraprng, area 
ca, vgraprng,volume 

allsel 

/com merge nodes for material continuity

esels,type,,l,2,1 
eselea, type,,5,7,1 
allsel,below, elem 
nummrg, node

allsel

! lower shell to weld to outer bottom cover plate 
! 6 outer bottom cover to grapple ring components

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only) 

csysl ! cylindrical coordinates

esel,s,type,,1,4,3 
allsel,below, elem 
nsel,r,locx,IR-.01,IR+.Ol 
nsel,r, loc,z,Lbplug-.01,Libc+.O1 
nummrg,node ! upper & lower welds of inner

cays, 0 
allsel

bottom cover plate

I cartesian coordinates

/com reflect quarter geometry to generate half model

*get,maxnodenode,,nummax 
nsym, x,maxnode, all 
esym,,maxnode,all 

*do,i,1,7,l 
/gopr 
esel,s,type, ,i 
nale 
nummug, node

! get maximum node number 
! reflect all nodes 
I reflect all elements 

! merge nodes at line of symmetry (bottom shell components)

r*enddo . e 1el 

f com change structural elements to thermal elements
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etchg 
keyopt, 1, 4, 1 
keyopt,2,4,1 
keyopt, 3, 4, 1 
keyopt, 4,4, 1 
keyopt,5, 4,1 
keyopt,6,4,1 
keyopt,7,4,1

/can material 1 - DSC Shell: SA-240 Type 316 (l9r-MN) * 

mptemp, 1,70,100,150, 200,250, 300 
mptemp, 7,400,500,600,700 
dens, 1,493/1728 
!mtpdata,kxx, 1,1,7.7/12,7.9/12,9.2/12,9.4/12,9.7/12,9.0/12! 
!mpdata, kxx, 1,6, 9.5/12, 10. 0/12, 10. 5/12, 11. 0/12 
fmpdata,kyy,1,1,7.7/12,7.9/12,8.2/12,8.4/12,6.7/12,9.0/12 
!mpdata, kyy, 1, 6,9. 5/12, 10. 0/12, 10. 5/12, 11. 0112 
!mpdata, kzz, 1, 1,7.7/12,7.9/12,8.2/12,B.4/12,8.7/12,9.o/12 I 
Iinpdata, kzz, 1, 6,9. 5/12, 10. 0/12, 10. 5/12, 11. 0/12

SA-240 

SA-24 0 

SA-24 0

Type 316 
SA-240 Type 316 
Type 316 
SA-240 Type 316 
Type 316 
SA-240 Type 316

mpdata,kxx, 1,1,7.7/12,7.7/12,7.7/12,7.7/12,7.7/12,7.7/12 !SA-240 Type 316 
mpdata,kxx,1,6,7.7/12,7.7/12,7.7/12,7.7/12 ISA-240 Type 316 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) 0 * *~**** 

mptemp, 1,70,100,150,200,250,300 
mptemnp, 7,400,500,600,700 
dens, 2,490/1728 
impdata,kxx,2,1,35.1/12,34.7/12,34.1/12,33.6/12,32.9/12,32.3/12 ! SA-36 
!mpdata,kxx,2,6,30.9/12,29.5/12,28.0/12,26.6/12 ! SA-36 
Impdata,kyy,2,1,35.1/12,34.7/12,34.1/12,33.6/12,32.9/12,32.3/12 ! SA-36 
!mpdata,kyy,2,6,30.9/12,29.5/12,28.0/12,26.6/12 ! SA-36 
!mipdata,kzz,2,1,35.1/12, 34.7/12, 34.1/12,33.6/12, 32.9/12,32.3/12 ! SA-36 
!mpdata,kzz,2,6,30.9/12,29.5/12,28.0/12,26.6/12 ! SA-36

mpdata, kxx, 2, 6,35. 1/12, 35. 1/12, 35. 1/12, 35. 1/12 

save 
fini 

/solution 

/com analysis parameters 
antype, static 
eqslv,pcg, le-7 
I nropt,auto 
!pred, on, ,on 
!autots, on 
!nlgeom, on 
!neqit, 50 

/cam BC's at planes of symmetry 
nsel, s, bc, z, Hdsc/2 
sf, all, hflux, 0 
f,,all,heat,0 
allsel 

/com Define x y z location arrays (in cylindrical coordinates) 
*djm, t xloc, array, 31 
*dIm, tyloc, array, 5 
*dim,t_zloc,array, 31 
*dim, tval, array, 31,5

ISA-36 
!SA-36

.#1 
.
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t_xloc(1) - 33.31 
t xloc(2) - 33.33 
t xloc(3) - 33.33 
t-xloc(4) - 33.33 
t xloc(5) - 33.33 
t_xloc(6) - 33.33 
t xloc(7) - 33.33 
t-xloc(8) - 33.33 
t xloc(9) - 33.33 
t xloc(10) - 33.33 
t_xloc(l1) - 33.33 

t yloc(1) - 0 
t yloc(2) - 45 
t-yloc(3) - 90 
t yloc(4) - 135 
t-yloc(5) - 180 

t zloc (1) - 0 
t-zloc(2) - 1.6625 
t zloc (3) - 5.075 
t-zloc(4) - 9.375 
t-zloc(5) - 16.33 
t-zloc(6) - 21.562 
t-zloc(7) - 28.48 
t-zloc(8) - 37.624 
t-zloc(9) - 46.367 
t-zloc(10) - 65.692 
t-zloc(l1) - 93.085 

/com 
/com get angular locations for SHELL, OTCP, ITCP interpolation points 
/com 
cays, 1 
esel, s, type,, 1 
nale 
nsel, r, loc, x, OR 
nselr, loc,z,H dsc/2 
cm, temp, node 

•get, ubound,node,, count 
* DIM, yang, array, ubound 

•DO, i, l,ubound, 1 
cmsel, s, temp 
*get,y_ang(i),node,,mnlocy 
nsee, r, loc, y, yang (i) 
*get, nnum, node,, numomin 
*get,y_ang(±),node,nnum,ang,xy 
cmsel, s,temp 
nsel,u, node,ennum 
cm, temp, node 

*ENDDO 
ails 

/com 
/com get angular locations for SHIELD PLUG interpolation points 
/com 
esel, s, type,, 3 
nsle 
nsel, r, locx I, R 
nsel, r, loc, z, L_bplug 
cm, temp, node
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*get, ubound, nodep,, count 
*DIM, sp_ ang, array, ubound 

'DO, 1, 1, ubound, 1 
cmsel, s,temp 
*get, up ang(i) ,node, ,mnloc,y 
nsel, r,loc,y,sp~angMi 
* get, nnum, node, , num, min 
*get,sp__ang(i) ,node,nnum,angpxy 
cmsel's,temp 
nsel, u, node,, nnwa 
au, temp1 node 

*ENDDO 
ails 

/com, Temperature case 15, -40 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temperature Case 15, -40 deg Ambient 
Icom. define nodal temps 
csys'l 

t_val(1,1) - 149 
t_val(2,1) - 151 
t-val(3,l) - 156 
t_yal(4,1) - 161 
tvyal(5,1) - 194 
tvsalC6,1) - 216 
tvyal(7,1) - 230 
t_val(9,1) - 249 
tvYal (9, 1) - 257 
tvyal(10,l) -267 
t_yal(11,1) -271 

t-yal(1,2) - 144 
t val(2,2) - 146 
t val(3,2) - 151 
t val(4,2) - 156 
t~val(5,2) - 197 
t -val(6,2) - 208 
t val(l,2) - 222 
t_yal(8,2) - 241 
t_yal(9,2) - 249 
tvYal(10,2) - 259 
tvyal(11,2) - 262 

t_yal(1,3) - 140 
t-val(2,3) - 142 
tvyal(3,3) - 147 
t val(4,3) - 151 
t_ ral(5,3) - 180 
t val(6,3) - 200 
t -val(7,3) - 214 
t - al(8,3) - 233 
t vral(9,3) - 241L 
tCval(10,3) - 251 
t-val(11,3) - 253 

t -val(l,4) - 135 
t -val(2,4) - 137 
t val(3,4) - 141 (i t~val(4,4) - 146 
tvyal(5,4) - 173 
tvyal(6,4) - 192 
t_,ral(7,4) - 207 
t-val(9,4) - 225
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t_val(9,4) - 233 
t val(10,4) - 242 
t-val(11,4) - 240 

t_val(1,5) - 130 
t_val(2,5) - 132 
t_val(3,5) - 136 
t val(4,5) - 140 
t_val(5,5) - 166 
t_val(6,5) - 185 
t_val(7,5) - 199 
t_val(8,5) - 219 
t -val(9,5) - 226 
t-val(10,5) - 233 
t-val(11,5) - 227 

/inp, interp, inp 

! -40 F TEMPERATURE GRADIENTS EXCEPT FOR SHELLS, Bottom 
/com Define temps for DSC shell above active fuel region 

! Define temperatures for DSC Bottom Shield Plug 
aIls 
esel,s,type, ,3 
nsle 
1 -40 F temperatures at top, bottom, at 90* intervals 

csys, 0 

tl-174.0 
t2-132.0 
t3-142.0 
t4-189.0 
t5-140.0 
t6-151.0 
t7-151.0 
t8-160.0 
! Ri - OD of shield plug 
Ri - 33.065 
! ZO - z minimum of Shield Plug 
! Z1 - Thickness of Shield plug 
ZO - 1.75 
Zi - 6.25 
pi - 3.1416 
*get, totnode, node,, count 
*DO, i, ,totnode, 1 

!/gopr 
tnode-node (0, 0,0) 
*get, xt, node, tnode, loc, x 
*get, yt, node, tnode, oc, y 
*get, zt, node, thode, loc, z 
rm-(xt**2+yt**2) **0.5 
*if,xt,eq,0.0,then 

tm-1.5707963267949 
*else 

tm-atan (yt/xt) 
*endif 
*if,tm,eq,0.0,then 

*if,xt, lt,0.0,then 
tm--1.Oe-6 

*else 
*endif 

*else 
*endif

J
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zm-zt-ZO 
Fl-l/Z1 
*if,tm,lt,0.0,then 

F2--2'zrm/pi/Rl' Ct6-tB) 'ti 
*else 

F2-2*rm/pi/Rl' (t6-t5) 'ti 
*endif 
*if,tin,lt,0.0,then 

F3-(tB-t4) /Rl'rm 
*else 

F3-(t5-t4) /R1'rm 
*endif 
F4-t4 
*if,tm,lt,0.0,then 

*else 

*endif 
*if tin, t, 0.0, then 
F6-- (t7-tl) /Rl'rm 

*else 
F6-- Ct2-tl) /Rl'rm 

*endif 
F7--tl 
FS-zm 

*if,tin,lt,O.0,then 
F9--2*rm/piIRl' (t3-t7) 'ti 

*else 
F9-2*rm/pi/Rl' Ct3-t2) 'ti 

*endif 

*if,tm, lt,O.0, then 
FIO-+(t7-tl) /Rl'rm 

*else 
FlO-+(t2-tl) IRl'ri 

'endif 
Fl 1-ti 
ntemp-F1' (F2+F3+F4+F5+F6+F7) 'FS +F9 +F10 +Fl1 
d, tnode, temp1 ntemp 
bf,tnode,temp,ntemp 
nsel,u,node, ,tnode 

'eriddo 
ails 

! Define temperatures for DSC Outer Bottom Cover 
alls 
esel~s~type, ,2 
ns le 
1-40 F temperatures at top, bottom, at 90* intervals 

tl-170.0 
t2-130.0 
t3-14 0.0 
t4-174.0 
t5-132.0 
t6-142.0 ( t7-148.0 

St8-251.0 
! R1 - OD of Top Cover 

R1-33. 065 
! ZO - z minimum of Top Cover
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! Zl - Thickness of Top Cover 
ZO - 0.0 
Zl - 1.75 
pi - 3.1416 
*gettotnodepnbde,,count 
*Doiltotnodel 

!/gopr 
tnode-node(0,0,0) 
*getxtnodetnodelocx 
*getytnodetnodelocy 
*getztnodetnodelocz 
rm-(xt**2+yt**2)**0.5 
*ifxteqO.Othen 

tm-1.5707963267949 
*else 

tm-atan(yt/xt) 
*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
tm--1.0e-6 

*else 
*endif 

*else 
*endif 
zm-zt-zo 
Fl-l/Zl 
*iftmltO.Othen 

F2--2*rm/pi/Rl*(t6-tS)*tm 
*else 

F2-2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*iftmltO.Othen 

F3-(t8-t4)/Rl*rm 
.else 

F3-(t5-t4)/Rl*rm 
*endif 
F4-t4 
*iftmltO.Othen 

F5-2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5--2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*iftmltO.Othen 

F6--(t7-tl)/Rl*rm 
*else 

F6--(t2-tl)/Rl*rm 
*endif 
F7--tl 
FB-zm 

*iftmltO.Othen 
F9--2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9-2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
Flo-+ (t7-tl) /Rl*M 

*else 
Flo-+ (t2-tl) /Rl*m 

*endif 
Fll-tl 
ntemp-Fl*(F2+F3+F4+F5+F6+F7)*FB +F9 +Flo +F11 
dtnodetempntemp
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bf, tnode, temp1 ntemp 
nsel, i, node,, tnode 

*enddo 
ails 

! Define temperatures for DSC Inner bottom Cover 
ails 
esel, a,type,, 4 
nsle 
!-40 F temperatures at top, bottom, at 900 intervals 

tl-189.0 
t2-140.0 
t3-151.0 
tU-191.0 
t5:140.0 
t6-152.0 
t7-160.0 
t6-161.0 
1 Ri - OD of Inner Top Cover 
Ri - 33.065 
! ZO - z minimum of Inner Top Cover 
1 Zi - Thickness of Inner Top Cover 
ZO - e.00 
Zl - 0.75 
pi - 3.1416 
*get, totnode, nodep,,count 

0,i,1, totnode, 1 
!/gopr 
tnode-node (0,0,0) 
*get,xt,node,tnode, loc,x 
*get,yt,node,tnode,loc, y 
gqet, zt,node, tnode, bc, a 
rm-(xt**2+yt**2)*"0.5 
*if,xt,eq,0.0,then 
tm-i .5707963267949 

*else 
tm-atan (yt/xt) 

*endif 
*if,tm,eq,0.0,then 

*if,xt, it, 0.0,then 
tm--i. Oe-6 

*else 
*endif 

*else 
*endif 
zM-zt-Z0 

*jf,tm, lt,0.0, then 

*else 

*endif 
*if,tm,lt,0.0,then 
F3-(tO-t4) /Rl~rm 

*else 
F3- (t5-t4) /Ri'rm 

*endif 
F4-t4 
*if ,tin, t,0.0, then 
F5-2*rm/pi/Rl' (t3-t7)'tin 

*else 

'endif
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*i,tm, it, 0.0, then 
F6-- (t7m/pi/Ri'l 3-*= 'i 

*else 
F9--(2'rm/p/Ri'(t-t) ti 

*endif 

*if,tm,lt,0.0,then 
F1O-4 (t7-tl)/Ri'rmt7*t 

*else 
F10-+t2-t/i)/Ri'rmt2*t 

'endif 

*esel~,nd,,nd 

'enddo 

Dfne epeaue s Fl(2+3 for5F+F F GRAFL RI1G asemly 
dntemp-1 ep27em 

dbi, tmpe,ntempntm 
esel,s~type, ,6nd 

nalea 

dnail tem12 16 

dalstei pnt 

csys, 0 

lswrite !end of load step 1 
save 

solve 
Save 

stop=0 
'if, stop, eq,0, then 

/com Temperature Case 16, 104 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 16, 104 deg Ambient 
/com define nodal temps 
csys, 1 

t vai(l,i) -277 
t val(2,l) -280 
t-vai(3,i) - 285 
t val(4,i) -290 
t valC5,1) - 325 
tvYai(6, 1) - 347 
t-vai(7,1) - 360 
t-vai(l,i) m 379 
t-vai(9,i) - 387 
tvYal(10, 1) - 396 
t-vai(ii,i) - 399
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t val(1,2) - 272 
t-val(2,2) - 274 
t-val(3,2) - 279 
t-val(4,2) 284 
t-val(5,2) - 316 
t-val(6,2) - 336 
t-val(7,2) - 350 
t-val(8,2) - 368 
t-val(9,2) - 376 
t-val(10,2) - 385 
t-val(11,2) - 387 

t val(1,3) - 266 
t-val(2,3) - 268 
t_val(3,3) - 273 
t-val(4,3) - 277 
t-val(5,3) - 306 
t_val(6,3) - 326 
t--val(7,3) - 340 
t--val(8,3) - 357 
t--val(9,3) - 365 
t-val(10,3) - 374 
t-val(11,3) - 376 

t_val(1,4) - 260 
t-val(2,4) - 262 
tval(3,4) - 266 

.t_val(4,4) - 270 
t--val(5,4) - 297 
t-val(6,4) - 316 
t val(7,4) - 329 
t val(8,4) - 347 
t-val(9,4) - 355 
t_val(10,4) - 362 
t_va1(11,4) - 358 

t_val(1,5) - 254 
t.val(2,5) - 256 
t_va1(3,5) - 259 
t_val(4,5) - 263 
t val(5,5) - 288 
t val(6,5) - 306 
t-val(7,5) - 319 
t val(8,5) - 337 
t_val(9,5) - 344 
t_val(10,5) - 351 
t_val(ll,5) - 341 

/inp, interp, inp 

! 104 F TEMPERATURE GRADIENTS EXCEPT FOR SHELLS, Bottom 
Icom Define temps for DSC shell above active fuel region 

! Define temperatures for DSC Bottom Shield Plug 
alls 
esel, s, type,, 3 
nsle 
! 104 F temperatures at top, bottom, at 90* intervals 

csys,0 

tl-299.0 
t2-256.0
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t3-269. 0 
t4-313. 0 
t5-263.0 
t6-277. 0 
t7-280. 0 
t8-28 9.0 
!Ri - OD of shield plug 

R1 - 33.065 
!ZO - z minimum of Shield Plug 
!ZI - Thickness of Shield plug 

ZO - 1.75 
ZI 6.25 

pi - 3.1416 
'get, totnode,node, ,count 
'DO~i, l,totnode, 1 

I /gopr 
tnode-node (0,0.0) 
'get, xt,node. tnode. loc,x 
'get, yt, node, tnode, icc, y 
'get, zte,node, tnode, 1cc, z 
rm-Cxt"*2+yt'*2)*"0.5 
*if,xt~eq,0.0.then 

tm-i .5707963267949 
*else 

tm-atan (ytlxt) 
'endif 
*if,tm,eq,0.0~then 

*if,xt,lt,0.0,then 
tm--I.Oe-6 

*else 
*endif 

'else 
'endif 
zm-zt-Z0 
Fi-i/Zi 
'if,tm, lt,0.0,then 

F2--2*rm/pi/Rl' (t6-t) 'tin 
*else 

F2-2'rm/pi/Ri' (t6-t5) 'ti 
'endif 
'if,tn, lt,0.0,then 

F3-(tB-t4) /Ri'xin 
'else 

F3- Ct5-t4) /Rl'zin 
'endif 
F4-t4 
'if, tin, t,. 0,then 

F5-2'zmi/pi/Ri' (t3-t7) 'ti 
'else 

F5--2'rni/pi/Ri' (t3-t2) 'ti 
'endif 
'if, tin, t,0.0, then 
F6-- (t7-ti) /Rl'rm 

'else 
F6-- (t2-ti) IRi'zi 

*eridif 
F7--tl 
F8-zm 

*if,tn, lt,0.0, then 
F9=-2'nu/pi/Ri' (t3-t7)'tin 

'else 
F9-2'im/pi/Ri*'(t3-t2)'tin 

'endif
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*if,tm,lt,0.0,then 
F10-+ (t7-tl)/Rl*rm 

*else F10-+ (t2-tl)/Rl*rm 
*endif 
F11-tl 
ntemp-Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +F11 
d, tnode, temp,ntemp 

! bf,tnode,temp,ntemp 
nsel, u, node,, tnode 

*enddo 
alls 

! Define temperatures for DSC Outer Bottom Cover 
alls 
esel,s, type,, 2 
nsle 
! 104 F temperatures at top, bottom, at 90' intervals 

tl-295.0 
t2-254.0 
t3-266.0 
t4-299.0 
t5-256.0 
t6-269.0 
t7-277.0 
t8-280.0 
! Ri - OD of Top Cover 
R1 - 33.065 
! ZO - z minimum of Top Cover 
! Zi - Thickness of Top Cover 
ZO - 0.0 
Zi - 1.75 
pi - 3.1416 
*get, totnode,node,, count 
*DO, i, 1, totnode, 1 

!/gopr 
tnode-node (0,0,0) 
*get,xt,node,tnode, loc,x 
*get, yt, node, tnode, loc, y 
*get, zt, node, tnode, loc, z 
rm-(xt**2+yt**2) **0.5 
*if, Xt, eq, 0.0, then 

tm-1.5707963267949 
*else 

tni-atan (yt/xt) 
*endif 
*if, tin, eq, 0.0, then 

*if,xt, It, 0.0, then 
tm--1.0e-6 

*else 
*endif 

*else 
*endif 
zm-zt-ZO 
Fl-i/Z1 
*if,tm,lt,0.0,then 

S F2--2*rin/pi/Rl' (t6-tS) 'tin 
*else 

F2-2*rn/pi/Rl* (t6-t5) *tm 
*endif
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*if, tm, lt, 0.0, then 
F3- (tS-t4)/Ri*m 

*else 
F3-(t5-t4) /RI*rm 

*endif 
F4-t4 
*if, ti, It,0.0, then 

FS-2*rm/pi/Rl*(t3-t0)*tm, 

*else 
F5--2*rm/pi/Rl* (t3-t2) *tm 

*endif 
*if,tm, lt,O.O,then 

F6-- (t7-tl) /Rl*rm 
*else 

F6-- (t2-tl) /Rl*rm 
*endif 
F7--tl 
F8-zm 

*if,tm, lt,0.0,then 
F9--2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9-2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*if,, tlt,0.0,then 
F10-+(t7-tl)/Rl*rm 

*else 
F10-+(t2-tl)/Rl*rm 

*endif 
Fll-tl 
ntemp-Fi*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +F11 
d, tnode, temp, ntemp 
bf, tnode,temp, ntemp 

nsel,u'node,,tnode 
*enddo 
alls 

! Define temperatures for DSC Inner bottom Cover 
alls 
esel,s,type,,4 
nsle 
! 104 F temperatures at top, bottom, at 900 intervals 

tl-313.0 
t2-263.0 
t3-277.0 
t4-315.0 
t5-263.0 
t6-278.0 
t7-289.0 
t8-291.0 
! Ri - OD of Inner Top Cover 
Ri - 33.065 

ZO - z minimum of Inner Top Cover 
! Zi - Thickness of Inner Top Cover 
ZO - 8.00 
ZI - 0.75 
pi - 3.1416 
*get, totnode,node,,count 
*DO, i,l,totnode, 1 

!/gopr 
tnode-node(0,0,0) 
*get, xt,node,tnode,loc,x
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*getytnodetnodelocy 
*getztnodetnodelocz 
rm-(xt**2+yt**2)**0.5 
*ifxteqO.Othen 

tm-1.5707963267949 
*else 

tm-atan(yt/xt) 
*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
tm--1.0e-6 

*else 
*endif 

*else 
*endif 
zm-zt-ZO 
Fl-l/Zl 
*iftmlt,0.0,then 

F2--2*xm/pi/Rl*(t6-tS)*tm 
*else 

F2-2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*iftmltO.Othen 

F3-(tS-t4)/Rl*rm 
*else 

F3-(t5-t4)/Rl*rm 
*endif 
F4'-t4 
*iftmltO.Othen 

F5-2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5--2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*iftmltO.Othen 

F6--(t7-tl)/Rl*rm 
*else 

F6--(t2-tl)/Rl*rm 
*endif 
F7--tl 
FO-zm 

*iftmltO.Othen 
F9--2*rm/pi/Rl*(t3-t?)*tm 

*else 
F9-2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10-+(t7-tl)/Rl*rm 

*else 
FIO-+(t2-tl)/Rl*rm 

*endif 
Fll-tl 
ntemp-Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +Fll 
dtnodetempntemp 
bftnodetempntemp 
nselUnode,,tnode 

*enddo 
alls 

I Define temperatures for GRAPPLE RING assembly 
ýtemp-257 
n3el, 3, 10C, Z, -1ý_gr 
dalltempntemp
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esele s, type,, 6 
nsle 
nsel, r, loc, z, 0 
d, all, temp, 285 

allsel 
csys, 0 

lswrite ! end of load step 2 
save 

solve 
save 

/com Temperature Case 26, 117 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 26, 117 deg Ambient 
/com define nodal temps 
csys, 1 

t val (1, 1) - 287 
t_val(2,1) - 290 
t-val(3,I) - 295 
t-val(4,1) - 300 
t-val(5,1) - 335 
t-val(6,i) - 357 
t-_val(7,1) - 370 
t_val(8,1) - 388 
t val(9,1) - 396 
t_val(10,1) - 406 
t_val(11,1) - 408 

t val(1,2) - 282 
t val(2,2) - 284 
t_val(3,2) - 289 
t_val(4,2) - 294 
t_val(5,2) - 325 
t_val(6,2) - 346 
t..val(7,2) - 360 
t val(8,2) - 377 
tval(9,2) - 385 
t_val(10,2) - 394 
t_val(11,2) - 397 

t_val(1,3) - 276 
t val(2,3) - 278 
t-val(3,3) - 283 
t val(4,3) - 287 
t-val(5,3) - 316 
t_val (6, 3) - 336 
t_val(7,3) - 349 
t--val(8,3) - 366 
t--val (9,3) - 374 
t--val(10,3) - 383 
t-val(11,3) - 385 

t val (1, 4) - 270 
"t-val(2,4) - 272 
t-val(3,4) - 276 
t t-val14,4) - 280 
t--val(5,4) - 306 
t-val(6,4) - 325 
t-val(7,4) - 339 
t-val (8, 4) - 356
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t val(9,4) - 364 
t-val(10,4) = 371 
t-val(11,4) - 367 

t val (1,5) 263 
t--val(2,5) 265 
t-val (3, 5) - 269 
t--val(4,5) - 272 
t-val(5,5) - 297 
t--val(6,5) - 315 
t-val(7,5) - 328 
t-val(8,5) - 346 
t-val(9,5) - 353 
t-val(10,5) - 360 
t-val(11,5) - 350 

/inp, interp, inp 

! 117 F TEMPERATURE GRADIENTS EXCEPT FOR SHELLS, Bottom 
/coM Define temps for DSC shell above active fuel region 

! Define temperatures for DSC Bottom Shield Plug 
alls 
esel,s,type, ,3 
nle 
I 117 F temperatures at top, bottom, at 900 intervals 

csys, 0

tl-309.0 
t2-265.0 
t3-278.0 
t4-323.0 
t5-272.0 
t6-287.0 
t7-290.0 
t8-299.0 
! Ri - OD of shield plug 
RI - 33.065 

ZO - z minimum of Shield Plug 
Z1 - Thickness of Shield plug 

ZO - 1.75 
Zi - 6.25 
pi - 3.1416 
*get,totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode-node(0,0,0) 
*getxt,node,tnode,loc,x 
*getyt,node,tnode,loc, y 
*get, zt,node, tnode, loc, z 
rm-(xt**2+yt**2)**0.5 
*if,xteq,0.0,then 

tm-1.5707963267949 
*else 

tm-atan(yt/xt) 
*endif 
*if,tm,eq, 0.0, then 

*if,xt, lt, 0.O, then 
tm--i1.0e-6 

*else 
*endif 

*else 
*endif
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zM-zt-ZO 
Fla.1/Z1 
*iftm lt,0.0,then 
F2--2*rm/piIRl*(t6-tS)*tm 

*else 

*endif 
*if,tm, lt,0.0,then 
F3-CtB-t4) /Rl*rm 

*else 
F3-(t5-t4) /Rl~rm 

*endif 
F4-t4 
*jf, tmU. t,0.0, then 

F5-2*rm/pi/Rl* (t3-t7) *tm 
*else 

*endif 
*if,tm,lt,0.0,then 
F6-- (t7-tl) /Rl'rzn 

*else 
F6--(U2-ti) /Rl*rm 

*endif 
F7--tl 
FB-zm 

*if,tm,ltO.O,then 
F9--2*rm/pi/Rl* Ct3-t7) *tzl 

*else 
F9u.2*rm/pi/Rl* Ct3-t2) *t 

*endif 

*if,trn,lt, O.O,then 
F1O-+ (t7-tl) /Rl*rm 

*else 
F1O-+ (t2-tl) /Rl~rm 

*endif 
Fli-tl 
ntemp-F1*(F2+F3+F4+F5+F6+F7)*FS +F9 +F1O +F11.  
d, tnode, temp,ntemp 
* bf, tnode, temp,ntemp 
nsel, u,node,,tnode 

*endda 
ails 

!Define temperatures for DSC Outer Bottom Cover 
ails 
esel, s,. type, .,2 
nsle 
!117 F temperatures at top, bottom, at 90' intervals 

tl-305.0 
t2-263.0 
t3-276.0 
t4-309.0 
t5-265.0 
t 6-278.0 
t7-287.0 
t8-290.0 
!R1 - OD of Top Cover 

R1 - 33.065 
!ZO - z minimum of Top Cover 
Zi - Thickness of Top Cover 

ZO - 0.0
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Zl - 1.75 
pi - 3.1416 
*gettotnodednode,,count 
*DOiltotnodel 

!/gopr 
tnode-node(0,0,0) 
*getxtnodetnodeolocrx 
*getytnodetnodelocy 
*getztnodetnodelocz 
rm-(xt**2+yt**2)**0.5 
*ifxteqO.Othen 
tm-1.5707963267949 

*else 
tm-atan(yt/xt) 

*endif 
*iftmeqO.Othen 

*ifxtlt,0.0,,then 
tm--1.0e-6 

*else 
*endif 

*else 
*endif 
zm-zt-ZO 
Fi-ilzi 
iftmlt.O.Othen 
F2--2*rm/pi/Rl*(t6-t8)*tm 

*else 
F2-2*rm/pi/Rl*(t6-t5)*tm 

*endif 
*iftmltO.Othen 

F3-(tB-t4)/Rl*rm 
*else 

F3-(t5-t4)/Rl*rm 
*endif 
F4-t4 
-iftmltO.Othen 
F5-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F5--2*rm/pi/Rl*(t3-t2)*tm 

*endif 
*iftmltO.Othen 

F6--(t7-tl)/Rl*rm 
*else 

F6--(t2-tl)/Rl*rm 
*endif 
F7--tl 
F8-zm 

*iftmltO.Othen 
F9--2*m/pi/Rl*(t3-t7)*tm 

*else 
F9-2*m/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10-+(t7-tl)/Rl*rm 

*else 
F10-+ (t2-tl) /Rl*m 

*endif 
Fll-tl 
ntemp-Fl*(F2+F3+F4+F5+F6+F7)*FS +F9 +F10 +Fll 
dtnodetempntemp 
bftnodetempntemp 

nseloulnode,,tnode
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* enddo 
ails 

IDefine temperatures for DSC Inner bottom Cover 
ai is 
eseI ,s0,type. .4 

ns ie I-40 F temperatures at top, bottom, at 900 intervals 

tl-323.0 
t2 272.0 
t3:287.0 
t4-324.0 
t5 273.0 
t6:288.0 
t7-299.0 
t8-301.0 
!RI - 00 of Inner Top Cover 

Ri - 33.065 
! ZO - z minimum of Inner Top Cover 
1 Zl - Thickness of Inner Top Cover 
ZO - 8.00 
Zl - 0.75 
pi - 3.1416 
'get. totnode, node,,con 
*DO,i,litotnode,l 

!/qopr 
tnode-node (0,0,0) 
'get, xt, node, tnode, icc, x 
* get,yt~node~tnode,locry 
'get, zt, node, tnode, icc, z 
rm- (xt"*2+yt"*2)*"0.5 
*if,xt~eq,0.0,then 

tm-i. 5707963267949 
*else 

tm-atan (yt/xt) 
'endif 
*if. tm,eq, 0.0.then 

'if,xt. it,0.0.then 
tm--i. Oe-6 

*else 
*endif 

*else 
*endif 
zm-zt-ZO 
F1-1/Z1 
*if,tm~lt,0.0,then 

F2--2*rm/piIRi' (tE-tS) 'ti 
*else 

F2-2'rm/pi/R1' (t6-t5) 'tin 
'endif 
*if,tm,lt,0.0,then 

F3-(tS-t4) /Ri'rm 
*else 

F3-(t5-t4) /Rl'rm 
*endif 
F4-t4 
'if,tm, it,0.0, then 
F5-2*rm/pi/R1' (t3-t7) 'ti 

*else 
F5--2*rm/pi/R1' (t3-t2)'tin F endif 

*if ,tm, lt, 0. 0, then 
*F6-- (t7-tl) /Rl'rm
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*else 
F6--(t2-tl)/Rl*rm 

*endif 
F7--tl 
FB-zm 

*iftmltO.Othen 
F9--2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9-2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10-+(t7-tl)/Rl*rm 

*else 
F10-+(t2-tl)/Rl*rm 

*endif 
Fll-tl 
ntemp-Fl*(F2+F3+F4+FS+F6+F7)*FB +F9 +F10 +F11 
dtnodetempntemp 
bftnodetempntemp 
nselu.node,,tnode 

*enddo 
alls 

! Define temperatures for GRAPPLE RING assembly 
ntemp-267 
nselsloc'Zj,-1Lqr 
dalltempntemp 

e3elsvtype,,r6 
nsle 
n3el, rf loc, Z' 0 
dalltemp,295 

allsel 
cays'o 

lswrite end of load step 3 
save 

olve 
ave 

fini 

/exit 

/eof

*endif

TFUMSNUCLEAR, INC, 
TN WWMT
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PB24THRM.inp 

/batch, lzst 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com thermal loads 
resume,b24therm, db 
/postl 
file,b24therm, rth 

*do,iset,1,3 ! define steps to postprocess 
/go 
set,iset 

/com Stress Plots-----------------------------------------------------------
/num,O ! numbers and colors 
/device,vector,O ! raster plots 
ernorm, off 
dsys,0 
/show, file,,0 ! plot to file 

/dscale,,auto ! displacement scale 

/com all elements (excluding contact elements) 
/vup, l,-x ! x-axis down 
/auto, 1 
/view, ,-0.2,-0.8,-0.5 
plnsol,temp ! plot temperature distribution 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/autol ! zoom - fit 

/dscale,,l ! displacement scale 

days,1 

*enddo ! end load step loop 

allsel 

fini 

exit,nosave 

/eof
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QT24PED (analI 

Date/Time: 9/6/00 6:20 PM 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: PentiumPro 200 

Analysis Modules Used: -PREP7 

Component Analyzed: 24P-FO DSC SI 

Loads Considered: 60a bottom end 

Analysis Type: tStatic_Therml 

Materials: _-Unear 

Geometry: ULinear 

Element Types Used: 

Snlid45: 3-D elaatio/nlastic~ aolid

isis• (1) PT24PED foostorocessinal (1)

9/6/00 7:13 PM

r. 3.51 (Build 1057)

-SOLUTION tPOST1 

iell Assemblv: Shell and toD end comDonents

drmo. internal pressure •s

Other_.al 

Non-Unear 
:Non-Unear

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .Inp extensions while output filenames use .out extensions. Plot filenames 
use .p/c extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.  

3. Load Step 6 reverses an earlier "ekilr command used to pin the weld of the outer cover plate.  
Consideration of nonlinear geometry may yield inaccurate results for this load step. However.  
results from Step 6 are not used.  

tin Rv: &-It"'k4 1, (AA.-' Date: j~c
//Michael E. Cohen 

Checked By:M. Sta 
6raig M. Standafet

Date: 47__/049

• .w. • w,.

I

I.. .I . . . . .

If ~ PT4 E (mst essna "). . r--- .... a

r. 3.51 (Build 105A

dran Internal oressure M)

I

I

I
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QB24PED. Lnp 

/batch, list 
/ filname, qb24ped 
/title.24PTl-DSC Shell Assembly (Bottom End, 90 Degree Model) 
/prep7

/com shell assembly components 
et.l,solid45 ! 3-D Elastic/Plastic 
et,2,solid45 I 3-D Elastic/Plastic 
et,3,solid45 I 3-D Elastic/Plastic 
et,4,solid45 ! 3-D Elastic/Plastic 
et,5,solid45 I 3-D Elastic/Plastic 
et,6,solid45 I 3-D Elastic/Plastic 
et.7.solid45 I 3-D Elastic/Plastic

et,11,solid45 

et,20,contac49 
r,201.1.0E+06 
r0202,l.0E+06,1E7/100 
r,203,l.0E+06,1E7/l00 
keyopt.20,7,l 

tref,650

Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC Lower Shell 
DSC Outer Bottom Cover PI 
DSC Bottom Shield Plug 
DSC Inner Bottom P1 
Bottom Plate Weld 
DSC Grapple Ring Support 
DSC Grapple Ring

I 3-D Elastic/Plastic Solid - DSC Upper Shell

I 

I

3-D point to surface contact elements 
normal stiffness of gap elem btwn plug & shell 
norm/tan stiffness of gap elem btwn plug & outer plate 
norm/tan stiffness of gap elem btwn plug & inner plate 
keyopt (7)Mi

I maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-SNi) * 
mptemp.,,70,200,300,400,500,600 
mptemp,7,700 
dens,'1,493/1728 
mpdataex,1,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E.06 I SA-240 Type 316 
mpdataex,1.7,24.8E+06 I SA-240 Type 316 
nuxyl,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) * ** ** * * 
mptemp. l,70.200,300,400,500,600 
mptemp.7,700 
dens,2,490/1728 
mpdata.ex,2,1,28.8E+06.2.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata.ex,2.7,25.5E+06 
nuxy,2.0.29

csys, 0 I cartesian coordinates

/com geometry 
T_shells.53 
OR-67.19/2 
IRzOR-Tshell 
H_dsc-186.17 

L-otc-Hidsc-0.12 

T__ibc-0.75 
T.bplug-6.25 
T_obc-l.75 
Tjm-=0.625

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

I outer top cover plate location (top surface)

I

inner bottom cover plate thickness 
bottom shield plug thickness 
outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

Lkbplug--T-.bplug+T.obc I bottom shield plug location (top surface) 
L-ibc-Tibc+T_bplug+T_obc I inner bottom cover plate location (top surface)

! outer radius of the grapple ring & support 
inner radius of the grapple ring 
thickness of the grapple ring

ORgr=8 .0 
ITgr-5.0 
T-grzl.00

I l 
! 
I
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H-gr=3.75 
T_grs=0.75 
1R-grs=ORgr-T-grs 
OR-load-8.74/2

lcom lower shell 
k,lOR-0.25 
k,2,IR+0.21 
k,3,IR, Tjbw 
k,,4R,,L.bplug 
k,5,IR,._kibc 
k,6,4R,,H_dsc/2 
k,7,OR.,H.dsc/2 
k, B,OR,,L.ibc 
k,9,OR.,LJ-plug 
k,10,OR,,0.75

height of the grapple ring 
thickness of the grapple ring support 
inner radius of the grapple ring support 
radius of the ram load

keypoints
shell outer bottom 
shell inner bottom 
root of outer bottom cover plate weld 
bottom of inner bottom cover plate 
top of inner bottom cover plate 
mid-heght of DSC 
mid-heght of DSC 
line up with KP5 
line up with KP4 
lower chamfer

/com outer bottom cover plate keypoints 
k,21,R-0.49 ! weld interface at bottom surface 
k,22,R-1.4 
k,23,OR.gr ! outer radius of grapple ring 
k,24,XR.grs I inner radius of grapple ring 
k.26,0,0,0 I center at bottom surface 
k,28,0,,T.obc I center at top surface 
k,30,Z.1grs.,Tobc I line up with KP24 
k,31,OR.gr,,T.obc I line up with KP23 
k,32,R-0.93.,Tobc I outer radius (chamfer) at top surface 

/oom bottom shield plug keypoints 
k,40,XR,,Tobc I outer radius at bottom surface 
k,41,0,,T.obc I center at bottom surface 
k,42,0.,L._..bplug I center at top surface 
k.43,IR,,Lbplug I outer radius at top surface 

/com inner bottom cover plate keypoints 
k.50,IR,,L_.bplug I outer radius at bottom surface 
k,51,0,,L.bplug I center radius at bottom surface 
k,52,0,,L.ibc I center radius at top surface 
k,53,XR,,L_ibc I outer radius at top surface 
k,54,IR-0.25,,..bplug I radius of shield plug contact 
k,55,ZR-0.25,,Libc I line up with KP54

/com grapple ring keypoints 
k,60,ORlgr,,-HIgr+T..gr 
k,61,ORLgr,,-lLgr+0.75 
k,62,0Rgr-0.25,,-HIgr 
k,63,ZRgrs-0.25,#,-Hgr 
k.64,IR. ÷0gr•0.25..-lLgr 
k,65.,R.gr,,.-HIgr÷0.75 
k.66,XIR.gr, , -Lgr+T-gr 
k.67,ZR-grs,,-Hlgr+T.Ar 
k.68.,R.grs.,-H-gr+0.75 

/oom upper shell keypoints 
k,76.,R,.L.otc 
k.77,OR,.L__otc

I 

I 
I

interface of grapple 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
inner top surface 
interface of grapple

ring with support 

ring with support

I shell inner top 
I shell outer top

klist

/com meshing *****e*** ******** *o*********** ** *** *********

/com define arcs to sweep volumes and lines 
Iselanone

! l 
! 
!
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k.200,0,,I-dsc/2 
k.201,IR-5,,H_•sLc/2 
k.202,0,ZR-5,HIdsc/2 
larc.201.202,200.XR-5 
cm,svp_arcl.line 
lesizeswp.arcl,,,.26,1 

lselnone 
k,203,IR-7,,I-dsc/2 
k.204.0,ZR-7,1H".Asc/2 
larc,203,204,200,ZR-7 
cm, swparc2,line 
lesize,swp_arc2 ...12.1 
allsel 

/com lower shell elements 
leelanone 
asel.none 
vsaelnone 
mat.1 
type.1 
a, 1,2,3,10 
a,3,4,9,10 
a,4,5,8,9 
a,5,6.7,8 
lsel,r,loc,x, ZR+0.01,OR-0.0l 
lest 
lesizeall, ,, 2 
ksel,s,,,5.6.l 
lslk,s,1 
lesize.all,2.5, ,10 
ksel,s,,,7,8,1 
lslks,l 
lesize,all.2.5,,,.0.1 
vdragall .l...1 
esize,0.5 
vmesh,all 
cmalahell.area 
cm, vlshell.volume 
ksel,all

1 26 divisions on "swp.arcl" 

1 12 divisions on swp_arc2" 

I select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.50 to 40 element size 
select central shell line (outer) 
lines containing selected keypoints 
40 to 0.50 element size 
generate volume along line 1 (swp._arcl") 
0.50 element height for unmeshed lines

/com outer bottom cover plate elements 
lselnone 
aselnone 
vsel,none 
type,2 
mat.1 
a,21,22,32,3 
lsel.r.loc.x.R-1.4,ZR I select lines for dividing 
Ilist 
lesize,all.,,2 1 2 divisions for selected lines 
lsla's I lines contained in above areas 
vdrag.all.....l I generate volume along line 1 ('swparcl8) 
vmesh,all 
vrelnone 
Islas I lines contained in above areas 
v.26,22,kp(OIR-1.4,0).kp(0,IR-1.4.0),29. 32,kp(0,XR-.93,T-obc).kp(OXR-.93,T-obc) 
keL,s.,,26,28,2 I select centerline 
Islk,sl I lines containing selected keypoints 
lesize,all.,,2 1 2 divisions thru plate thickness 
vmesh, all 
vsel.s,type,.2 
cm, aoutbot,area 
cm.voutbotvolume
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kselall

/crm bottom shield plug elements 
lsel,none 
asel, none 
vasel, none 
type, 3 
mat,2 
ksel,s,lkp, ,40,43 
ldrag,40,43.,,,,2 1 generate lines along line 2 (4swp_arc20) 
v,41,40,kp(O,!R,Tobc).kp(O,XR,T _obc),42,43,kp(0,ZR-.25,k..bplug),kp(O,ZR-.25,L_.bplug) 
esize,Tbplug/3 1 3 elements thru plate 
vmesh, all 
cm, abotplug, area 
cmvbotplugvolume 
ksel,all 

/oom inner bottom cover plate elements 
lselnone 
asel,none 
vel, none 
type, 4 
mat, 1 
a, 50. 54, 55, 53 
vdrag,all.,,,,,l I generate volume along line 1 (Oswparcl") 
v.54,kp(0,XR-0.25, L.bplug).51,51,55,kp(O,IR-O.25,LibcV),52,52 
esize,Tibc/2 1 2 elements thru plate 
vmesh, all 
cm, ainbot, area 
cm, vinbot. volume 
ksel,all

/oom weld of outer bottom cover plate 
lselnone 
asel, none 
vsel.none 
type. 5 
mat, 1 
a,2,21.3.3 
lsel,r,loc.z,0 
lesize,all,,,2,0.49/0.21 1 2 divi.  
vdragall,.,,.,1 I genera' 
vmesh, all 
cm, abotweld, area 
cm, vbotweld, volume 

l/om grapple support elements 
lsel,none 
asel, none 
vsel,none 
type, 6 
mat, 1 
a,23,60,67,24 
lsel,r,loc,z,-HIgr÷T.gr I select 
lesize,all, , 2 1 2 divi 
vdrag,all.,,,..2 I genera 
esize,T.grs I elemen 
vmesh, all 
cm, agrapsuparea 
cm, vgrapsup, volume

sions, generate node at ZR 
te volume along line I (.swp.arcl") 

lines for dividing 
sions thru support ring thickness 
te volume along line 2 (sawp.arc2") 
t height for unmeshed lines

/com grapple ring elements 
lsel,none 
asel,none
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vselnone 
type, 7 
mat, 1 
a,60,61,68,67 
a,67,68,65.66 
a,61,62,63,68 
a.68,63,64,65 
lsel,s,loc,z,-Igr+.l,-HIgr+.7 I select lines for dividing 
lesize,all,,,1 I 1 line division 
vdragall..,,,,2 I generate volume along line 2 ('swparc2") 
esize,0.75 1 0.75 element size for unmeshed lines 
vmesh, all 
cm, agraprngarea 
cmvgraprngvolume 

allsel 

/lom merge nodes for material continuity

eselsatype.,l,2,1 
esel.atype,,5,7,1 
allsel.below.elem 
nuamrg,node I lower shell to weld to outer bottom cover plate 

I & outer bottom cover to grapple ring components 
/oom tie together grapple to outer bottom cover 
esel ,stype.,6 
allsel,belowelem 
nselrloc,z,0 
esel.stype, #2 

ceintf I tie together grapple to outer bottom cover 

allsel 

/com merge nodes to represent pin-welded connections 
Icom (acceptable only for solid45, which has translational DOF only)

csys, I I cylindrical coordinates

eselstype,,.14,3 
allsel,below, elem 
nsel.r, loc.x, IR-.01,IR+.01 
nsel,r,loc, z,_ •ue lof, L_nbo+. 01 nummrg~node I upper & lower welds of inner bottom cover plate

csys. 0 
allsel

I cartesian coordinates

I /com reflect quarter geometry to generate half model

I *getmaxnodenode,,nummax 
I nsym,x,maxnode,all 
I esym,,maxnode,all 

I *doL,1,7,1 
/gopr 

I esel.s,type,,i 
! nsle 

nunmrg,node 
I *enddo

I get maximum node number 
I reflect all nodes 
I reflect all elements 

I merge nodes at line of symmetry (bottom shell components)

I esel.s.type,,1l

'WA
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I nsle 
! nummrg,node 

I esel,stype,,20 
! nsle 
I nummrg,node 
I nummrg,elem

t merge nodes at line of snymetry (upper shell) 

I merge coincident contact nodes (if any) 
I merge coincident contact elements (if any)

/com define contact elements 
/com bottom end plates

esel,s,type,,1 
aliselbelow, elem 
cm, contlnode 

esel,s,type.,.2 
allsel,below, elem 
cm,cont2,node 

esel,.,type,.4 
allsel below,elem 
cm, cont4,node

I nodes of lower shell 

I nodes of outer bottom cover plate 

I nodes of inner bottom cover plate

/cam inner bottom cover plate nodes at ZR-.25 
esel.a.type,.4 
allsel,belowelem 
csys.1 
nsel,r,loc,x.ZR-0.26,XR-0.24 
csys,0 
cm, cont4a,node I inner bottom c

csys, 1

over plate nodes at ZR-.25

I cylindrical coordinates

esel,s,type,.3 
alleel,below, elem 
nsel,r.loc,x, ZR 
cm, targ3lnode 

allsel,belowelme 
nsel,r, loc,z,Tobc 
cm, targ32,node

I bottom shield plug circumferential nodes 

I bottom shield plug bottom surface nodes

allselbelow, elem 
nselr, loc, z,L-ftlug 
nseluloc.x,ll/12*!R+.lR+.01 I unselect outer 
cm, targ34,node I bottom shield plug

row of contact elements 
top surface nodes (w/o outer row)

/com outer row of contact elements 
allsel, below, elem 
nselr, loc,z,Lkbplug 
nselr,loc,x,ll/12*ZR-.5,IR+.01 I one outer row of contact elements 
cm,targ34a,node I bottom shield plug top surface nodes (w/o outer row)

csys, 0 I cartesian coordinates

allsel 
type, 20 
1 real,201 
1 gcgen,contltarg32,1 
real,202 
gcgen, cont2,targ32,1 
real,203 
gcgen,cont4,targ34,1

I generate contact elem btwn plug & shell 

I generate contact elem btwn plug & outer plate 

I generate contact elem btwn plug & inner plate
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gcgencont4a,targ34a,1 I gen contact btwn plug & inner pl (outer ring)

I/com couple UZ all inner bottom cover plate nodes at radius !R-0.25, at ...  
!/com surface in contact with bottom shield plug 
!csye.1 I cylindrical coordinates 
lesel.setype,,4 
Insle 
!nselr,loc,x0IR-.26,IR-.24 
!nsel,r,loc.z,sLbplug 
Icp,next,uz.all 
Icsys,0 I cartesian coordinates 
Iallsel 

I/com couple UZ all outer bottom cover plate nodes at radius IR-0.93. at ...  
I/com surface in contact with bottom shield plug 
!csysl I cylindrical coordinates

!esel.s.type..2 
Ingle 
Inselr, locz,Tobc 
Insel,rlocx, IR-0.94,IR-0.92 
Icp,nextuz.all 
Icays,0 
lallsel

I cartesian coordinates

/com compress node and element numbering 
numcmp,node 
numcmp,elem 

/com specify symnetric boundary conditions 
nsel,s,loc,y,-.01,.Ol 
d,alluy,0 I symmetry about x-z plane 
allsel

nsels,loc,x,-.01,.01 
d,all,ux,0 
allsel

I symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsel,sloc,z,Hdsc/2 I shell now ends at mid-height 
dall,uz 
allsel 

/com restrain center nodes for stability 
nselr,loc,x,0,0.1 
nsel~r.locy,0,0.l 
d,allux,0 
allsel 

save 

fini 

/solution

/com analysis parameters 
antypestatic 
nropt.auto 
neqit,500 
pred, on,,on 
autotson 
nlgeom, on 
eqslvpcg, le-7
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/com load step 1 - 0.001g top end drop 
/title,24PT1-DSC (Bottom End) 0.001g Bottom End Drop 
nsubst. 1,8 
acel,,,-0.001 I 0.001g acceleration 
lswrite 
save 
solve 
save 

/cca load step 2 - ig bottom end drop 
/title,24PT1- DSC (Bottom End) ig Top End Drop 
nsubst, 18 
r,202,1.0E+07,1E7/100 I norm/tan stiffness of gap elem btwn plug & inner plate 
r,204,l.0+07,1E7/l00 I norm/tan stiffness of gap elem btwn support ring & plug 
acel,,,-1. I Ig acceleration 
lswrite 
save 
solve 
save 

/com load step 3 - 60g top end drop 
/title,24PT1- DSC (Bottom End) 60g Top End Drop 
nsubst, 1,8 
acel,, ,-60. I 75g acceleration 
lswrite 
save 
solve 
save 

- /com load step 4 - pin outer cover plate weld 
/title,24PT1- DSC (Bottom End) 60g top End Drop (Outer Cover Pinned) 
nsubst, 1,8 
esels, type,, 15 
nsle 
ekillall I kill weld elements 
eselall 
nsle 
lswrite 
save 
solve 
save 

/com load step 5 - add 20 psi internal pressure to 75g top end drop 
/title,24PT1- DSC (Bottom End) 60g Top End Drop + 20 psi (Outer Cover Pinned) 
nsubst, 1,8 
predoff 
pred, on 
csys,1 I cylindrical coordinates 
esels,type,, 11,13.2 
nsle 
nselr. loc. z,IKdsc/2,Ltplug+..01 
nsel.r, locx, IR÷. 01 
sf.all.pres,20 
nsle 
nsel.r. loc, zL.tplug-.01,LLitc+.01 
nselr,loc.x.IR-.01,IR÷.01 
sf,all,pres,20 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save
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/com load step 6 - unpin outer cover plate weld 
ltitle,24PT1- DSC (Bottom End) 60g Top End Drop + 20 psi 
nsubst, 1,8 
pred, off 
pred,on, ,on 
ealive,all I unkill weld elements 
lswrite 
save 
solve 
save 

fini 

/exit

/
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PS24PED. inp 

/batch,list 
/com 
/com postprocessing input file for quarter model of DSC shell, bottom end 
/lom top end drop with & without pressure 
resume,qb24peddb 
lpostl 
file,qb24pedrst 

/com element plots-----------------------------------------------------------
/showpb24ped,pic,l I plot to file 
/triadrtop I triad in upper right left corner 
/devicevectorl I vector plots 
/num,2 I numbers, no colors 
/vupl,-z I z-axis down 
/view, °-0.2,-0.9,-0.3 
/type,l,4 1 precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I plot elements 
/zoom, l,rect,-0.399,0.917,O.392,0.221 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csys,l I cylindrical coordinate system 
dsys, 1 
rsys,l 
*do, iset, 2°6 ! define steps to postprocess 

/go 
set, iset 

loom DSC Lower Shell Postl Results-------------------------------------------
esel,s,type,,1 
nsle 
nsel,r,locy,0 
esln 
esel,r, type,,l 
nsle 
/com 
/ocm shell adjacent to DSC end components 
*doix,IR+.21,OR-.25,OR-.25-(IR+.21) 

inode-node(IR,0.T.bw) 
onode-node(ix, 05O) 
nlist,inode,onode,onode-mnode 
lpath, inodeanode 
proect 

*enddo 
*do,iz,.75/2,.75,.75/2 

inode-node(ZR, 0,Tbw) 
onodennode(OR,0,iz) 
nlist, inode,aode,donode-inode 
lpath, inode,onode 
praect 

*enddo 
*do,iz,L_.bplug-?7,L_ibc+5, .5 

inodennode(IR, 0,iz) 
onodennode(OR, O,iz) 
*ifonodeeq,node(OR,0,iz-.5),cycle 
nlist,inodeonode,onode-inode 
lpath, inodeonode 
praect 

*enddo 
/com
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/carn shell at mid-height 
inodesnode (IR. 0. KLdsc/ 2) 
anodemnode (OR. 0, I-dsc/2) 
nlijt, inode, anode, anode-mnode 
ipath.imode, anode 
precat

learn DSC Outer Bottom Cover Plate 
esel~s~type. .2 
nole 
nsel~r, lOCy0 

esel~r. type. .2 
nale 
'do. ix,0.ZR-l.4. (IR-l.4)/26 

inode-node (x, 0 .T...bc) 
onodemnode(ix.0. 0) 
nlist. mode, anode, anode- mode 
ipath * mode, anode 
pract 

*enddo 
inode-node(IR-.46.0,1.19) 
onodemnode(ZR-.95.0. 0) 
nlist.imode, anode. naode-moade 
ipath, mode. onode 
pract 
inodeunode (ZR. 0. T...w) 
onodemnode(ZR- .49.0.0) 
nlijt,inode, anode. anode-moade 
ipath.inode * node 
prsect 

learn DSC Outer Bottom Cover Plate 
esel'sotype. .5 
nale 
nsel.r, locy.0 
eain 
esel.r. type, .5 
nale 
*do~ixXR-.49,ZRe.21. (.491.21)/2 

inode-node (ZR, 0. T...b) 
onodeunode(ix. 0.0) 
niut,imode, anode. onode-inode 
ipath.imode, anode 
proect 

*enddo

Postl Results --------------------------------

Weld Postl Results ---------------------------

/camn DSC Bottom Shield Plug Posti Results ------------------
euel'suptype. .3 
nsle 
nselr. lac~y.0 
esln 
esel'r. type. .3 
nsle 
'do. ix. 0. R.1R112 

mnodewnode (ix, 0,* kbplug) 
anode-nodeU(ix.0.T....bc) 
nlist * mode * ande * node-Lmode 
lpathLmode * ande 
prsect 

*enddo

/camn DSC inner Bottom Cover Plate Posti Results ---------------
euel~s~type. .4
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/com mid row of nodes 
nsle 
nsel.rloc, x.ZR-.1,1R+.l 
nsel.r,loc, z,Lbplug÷.1L....ibc-.1 
spoint...01,.01,0 1 summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/oom top row of nodes 
nale 
nselr, loc,x, XR-.,11R÷.I 
nsel.r,locz, L_ibc-. 1, L_ibc+.I 
spoint.,.01..01,0 I summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Outer Bottom Cover Plate 
esel,stype,,2,5,3 
nale 
nsel,rloc,xIR-.01,IR÷.0l nsel,r, loc~z,T-bw-.01,T-bw+.01 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height-------------------------------------
nsel~s.locz,HIdsc/2-.1,HIdsc/2+.l 
nlist 
prrsolfz 

allsel 

/com Stress Plots------------------------------------------------------------
/num.0 I numbers and colors 
/devicevector,O I raster plots 
ernorm, off 
dsysO 
/show.file,,O I plot to file 
I /edge,,1,10 ! edge plot 

/dscale,,auto I displacement scale 

/oom all elements (excluding contact elements) 
esel.u.type,,20 I unselect contact elements 
/view,,-0.2,-0.9,-0.3 
plnsol.s,int,0 I plot stress intensity 
/zooml,rect,-0.399,0.917,0.392,0.221 
/autol I zoom - fit 
/view.,-0.2,-0.9.0.3 
Ireplot 
/zoom.l,rect,-0.399,0.917,0.392,0.221 
/auto.l I zoom - fit 

/dscale,,1 I displacement scale 

/com shell elements 
esel~s.type,,l 
nasle 
/view.,-0.4,-0.9,-0.4 
plnsol.s,int,O I plot stress intensity 
/view,,0.9,0.6.-0.4 

A replot

/com outer cover plate elements
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ese.l,stype, .2 
na le 
lview,. -0.2,-0.9,-0.4 
plnsol~s.int,0 ! plot 
/view. .0.2,0.9.0.4 
/ rep lot 

Icom outer cover plate weld element 
esel,s,type, .5 
n le 
Iview. .-0.2,-O.9,-0.4 
plnsol~s.int,O Iplot 
lvi eli, 0.2,0.9.0.4 
/replot 

icc. shield plug elements 
esel,s~type.,.3 
na le 
lview, .-0.2,-O.9,-0.4 
plnsol.s.int.0 PICpo 
/view. .0.2,0.9.0.4 
lreplat 

/oom inner cover plate elements 

esel,setype. .4 

/view. .-0.2,-0.9.-0.4 
plnsol.s.int.0 I plol 
Iview. .0.2,0.9,0.4 
lreplot 

loom grapple ring support elements 
esel~s.type. .6 
nsle 
/view, .-0.4.-0.9.-0.4 
plnsol.a.int,0 I plol 
Iview, .0.9,0.6.0.4 
/replot 

loom grapple ring elements 

esel~s~type..7 na le 
/view,. -0.2,-0.9.-0.4 
plnsol.s.int.0 I PIC 
lview. .0.2.0.9.0.4 
/replot

days, 1 

*enddo 

allsel 

f ini

stress intensity 

stesinest 

stress intensity 

tstress intensity 

t stress intensity 

t stress intensity

I end load step loop

exit. nosave
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S 

24P-FO DSC (Top End) 10 psi Pressure on Shell & Inner Cover

ANSYS 5.3 
APR 22 2020 
10:38:49 
PLOT NO. 3 
NODAL SOLUTION 
STEP=2.  
SUB -1 
TIME-2 
SINT (AVG) 
DM -. 048432 
SMN -. 273E-13 
SMX -7741 

.273E-13 
860.069 
1720 
2580 
3440 
4300 
5160 

r 6020 
6881 
7741

Figure B1-1 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour

-I

0
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PROJECT NO: SCE-01 REVISION: 0 
/CALCULATION NO: SCE-01.0204 PAGE: B1-3 of BI-12 

ANSYS 5.3 
APR 22 2020 
10:39:11 
PLOT NO. 6 
NODAL SOLUTION 
STE P=2 
SUB =1 
TIME-2 
SINT (AVG) 
DMX -. 048432 
SMN =.273E-13 
SMX -7741 

.273E-13 
860.069 
1720 
2580 
3440 
4300 
5160 

r 1 , 6020 
i L_•6881 

- 7741 

24P-FO DSC (Top End) 10 psi Pressure on Shell & Inner Cover 

Figure Bi-2 

24P-FO DSC Shell Assembly, Top End Components 

Stress Intensity Contour

P



-• TRANSNUCLEARy INC, TN W'EST 

'ROJECT NO: SCE-01 REVISION: 0 
<'ALCULATION NO: SCE-01.0204 PAGE: B1-4 of B1-12 

3 .ANSYS 5.3 
APR 22 2020 
10:39:55 
PLOT NO. 19 
NODAL SOLUTION 
STEP=3 
SUB =1 
TIME-3 
SINT (AVG) 
DMX -. 071774 
SMX -4342 

S~482.392 
964.784 S1447 

S1930 
S2412 

rQ 2894 I'--1 33"7"7 
F'"38559 
S4342 

24P-FO DSC (Top End) 10 psi on Shell & Inner Cover (Outer Coo er Pinned) 

Figure B1-3 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour



• - TRANSNUCLEARy INC.  

I PROJECT NO: SCE-01 REVISION: 0 
CALCULATION NO: SCE-01.0204 PAGE: 81-5 of B1-12

ANSYS 5.3 
APR 22 2020 
10:40:11 
PLOT NO. 21 
NODAL SOLUTION 
STEP=3 
SUB =1 
TIME=3 
SINT (AVG) 
DMi =.071774 
SMX =4342 

0 
482.392 
964.784 S1447 

1930 
2412 
2894 

r E 3377 
3859 
4342 

24P-FO DSC (Top End) 10 psi on Shell £ Inner Cover (Outer Cofer Pinned) 

Figure 61-4 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:41:19 
PLOT NO. 37 
NODAL SOLUTION 
STEP=4 
SUB =1 
TIME-4 
SINT (AVG) 
DMX =.143717 
SMX =8630 

958. 841 
___ 1918 

2877 

~ ~3835 
-4 4794 

5753 
S_6712 

7671 
8630 

rz 
24P-FO DSC (Top End) 20 psi Shell i Inner Cover (Outer Cover Pinned) 

Figure B1-5 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APk 22 2020 
10:42:11 

PLOT NO. 51 
NODAL SOLUTION 
STEP=5 
SUB -1 
TIME=5 
SINT (AVG) 
DMX =.143717 
SMN -. 109E-12 
SMX -8630 i .109E-12 

958.906 F •,__mm1918 
--- 2877 
S3836 
S4795 
' 5753 

r 6712 
= 7671 

S8630 

24P-FO DSC (Top End) 20 psi Pressure on Shell & Inner Cover 

Figure B1-6 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:42:27 
PLOT NO. 53 
NODAL SOLUTION 
STEP=5 
SUB =1 
TIME-5 
SINT (AVG) 
DMX =.143717 
SMN -=.109E-12 
SMX -8630 

.109E-12 
958.906 
1918 S2877 
3836 
4795 
5753 

r 6712 
7671 S8630 

24P-FO DSC (Top End) 20 psi Pressure on Shell & Inner Cover 

Figure B1-7 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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PROJECT NO: SCE-01 REVISION: 0 
CALCULATION NO: SCE-01.0204 PAGE: 81-9of B1-12 

ANSYS 5.3 
APR 22 2020 
10:43:21 
PLOT NO. 67 
NODAL SOLUTION 
STEP=6 
SUB -1 
TIME-6 
SINT (AVG) 
DMX -. 334178 SMN -. 253E-12 
SMX =30196 

.253E-12 S3355 
6710 
10065 

S13421 
*16776 

20131 
rJ 23486 

26841 
30196 

z 

24P-FO DSC (Top End) 60 psi Shell a Inner Cover 

Figure B1-8 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:43:37 
PLOT NO. 69 
NODAL SOLUTION 
STEP-6 
SUB =1 
TIME-6 
SINT (AVG) 
DMX -. 334178 
SMN -. 253E-12 
SMX =30196 

.253E-12 
3355 
6710 
10065 

S_ 13421 
16776 
20131 

r 1 23486 
= 26841 

30196

Figure B1-9

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour

24P-FO DSC (Top End) 60 psi Shell & Inner Cover

/
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ANSYS 5.3 
APR 22 2020 
10:44:32 
PLOT NO. 83 
NODAL SOLUTION 
STEP=7 
SUB =1 
TIME=7 
SINT (AVG) 
DMX =.425808 
SMX -25006 

0 
___2778 

5557 
8335 
11114 
13892 [•16670 

S19449 
S22227 

25006 

24P-FO DSC (Top End) 60 psi Shell & Inner Cover (Outer Cover Pinned) 

Figure BI-10 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:44:48 
PLOT NO. 85 
NODAL SOLUTION 
STEP=7 
SUB =1 
TIME=7 
SINT (AVG) 
DMX -. 425808 
SMX =25006 

0 
2778 
5557 
8335 
11114 
13892 
16670 
19449 
22227 
25006

End) 60 psi Shell & Inner Cover (Outer Cover Pinned) 

Figure B1-11 

24P-FO DSC Shell Assembly, Top End Components 

Stress Intensity Contour
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24P-FO DSC (Top
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ANSYS 5.3 
APR 22 2020 
10:45:46 
PLOT NO. 3 
NODAL SOLUTION 
STEP=2 
SUB -1 
TIME-2 
SINT (AVG) 
D1, -. 003038 
SPM =4.316 

SrMc -3568 
4.316 
400.263 

__ 796.21 
S1192 

1588 
1 1984 

2380 r 1 2776 

3172 
3568 

/S 

24p-FO DSC (Top End) 22 psi External Pressure 

Figure B2-1 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:45:59 
PLOT NO. 5 
NODAL SOLUTION 
STEP=2 
SUB -1 
TIME=2 
SINT (AVG) 
DM -. 003038 
SMN =4.316 
5MX -3568 4.316 

mE400.263 

III796.21 
1192 
1588 

- 1984 
2380 

r 1 2776 
M 3172 
M 3568 

z r 
24p-FO DSC (Top End) 22 psi External Pressure 

Figure B2-2 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:46:52 
PLOT NO. 19 
NODAL SOLUTION 
STEP=3 
SUB -1 
TIME=3 
SINT (AVG) 
DMX -. 003013 
SMX -3653 

0 
405.901 

1_ 811.802 
1218 
1624 
2030 
2435 
2841 

S- 3247 
3653

I End) 22 psi External Pressure (Outer Cover _Pnned) 

Figure B2-3 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour

I
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24p-FO DSC (Top
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ANSYS 5.3 
APR 22 2020 
10:47:05 
PLOT NO. 21 
NODAL SOLUTION 
STEP=3 
SUB -1 
TIME-3 
SINT (AVG) 
DMX -. 003013 

OSMX -3653 
0 
405.901 
811.802 
1218 
1624 
2030 
2435 

r 12841 
3247 BI3653 

24p-FO DSC (Top End) 22 psi External Pressure (Outer Cover P ,nned) 

Figure B2-4 

24P-FO DSC Shell Assembly, Top End Components 

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 

10:47:58 
PLOT NO. 35 
NODAL SOLUTION 
STE P=4 
SUB -1 
TIME=4 
SINT (AVG) 
DMX -. 001647 
SMX -1987 

0 
220.817 
441.633 
662.45 
883.267 
1104 -'" 1325 

S_1546 
1767 

-l 1987 

z 

24p-FO DSC (Top End) 22 psi Ext. + 10 psi Int. (Outer Cover inned) 

Figure B2-6 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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24p-FO DSEC (Top End) 22 psi Ext. + 10 psi Int. (Outer Cover

ANSYS 5.3 
APR 22 2020 
10:48:11 
PLOT NO. 37 
NODAL SOLUTION 
STEP=4 
SUB =1 
TIME=4 
SINT (AVG) 
DMX =.001647 
SMX =1987 

0 
220.817 
441.633 
662.45 
883.267 
1104 
1325 
1546 
1767 I-'-16

?inned)

Figure B32-6

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:49:04 
PLOT NO. 51 
NODAL SOLUTION 
STEP=5 
SUB =1 
TIME=5 
SINT (AVG) 
DMX =.001741 
SMN =2.735 
SMX =2028 

2.735 
227.766 
452.797 
677.828 
902.859 
1128 
1353 m 1578 
1803

Figure 52-7

24P-FO DSC Shell Assembly, Top End Components 

Stress Intensity Contour
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ANSYS 5.3 
APR 22 2020 
10:49:17 
PLOT NO. 53 
NODAL SOLUTION 
STEP=5 
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The stress plots shown in Figures B7-3, B7-4, B7-5, B7-8, B7-9, and B7-10 exclude elements adjacent to 
the rail support (bottom centerline).
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24P-FO DSC Shell Assembly, Top End Components
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24P-FO DSC Shell Assembly, Top End Components
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24P-FO DSC Shell Assembly, Top End Components
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24P-FO DSC Shell Assembly, Top End Components
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Figure B7-8 

24P-FO DSC Shell Assembly, Top End Components

Stress Intensity Contour
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Figure 137-9 

24P3-FO DSC Shell Assembly, Top End Components
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24P-s DSC (Top End) 75g side drop on rail (outer cover pinne) 

Figure B7-10 

24P-FO DSC Shell Assembly, Cylindrical Shell (Top Half) 
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