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Calculation Number: SCE-01.0204 

Run ID: T24PTH2 (analy 

Date/Time: 6/1/00 6:58 PM 

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: Thermal cases" 

Analysis Type: *Static 

Materials: *Linear 

Geometry: Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

Isis) (1) PT24PTH2 (postprocessing) (1)

6/10/00 9:27 PM

r. 4.0

1450 MHz

*SOLUTION *POST1 

,ell Assembly: Shell and top end components

_Thermal 

Non-Linear 

_Non-Linear

-Other:

Contac49: 3-D point to surface contact

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: & (qf 
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T24PTH2inp 

/batch, list 
/filname, t24pth2 
/title, 24 P-Standard 
/prep7

DSC Shell Assembly (Top End, 180 degree Model)

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et,ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
!r,201,1.OE+07,,,, 5 
r,202,1.OE+06 
!r,203,1.OE+07 
r,204,1.OE+07 
keyopt,20,7,1 

et,21,shell63 
r,21,0. 7 5/ 2

3-D point to surface contact elements 
I normal stiffness of gap elem btwn inner & outer plates 
normal stiffness of gap elem btwn plug & inner plate 

normal stiffness of gap elem btwn plug and shell 
normal stiffness of gap elem btwn support ring & plug 
keyopt (7)=1 

! Elastic Shell - Lifting Lugs 
1 half-thickness of lug

tref, 70 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ****************** 

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+06,25-8E+06,25-

3 E+0 6 I SA-240 Type 316 

mpdata,alpx,l,l,0,8.76E-06,8.97E-06,9.21E-06,9.42E-06,9-60E-
0 6 

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, 2 6 - 7 E+06 

mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.1
7 E-06 

nuxy, 2,0.29

csys, 0

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
Hdsc=l86,17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H ring=2.00 
T_ring=0.75 

L otc=H dsc-0.12 
L-itc=L-otc-Totc 
L_tplug=Litc-T itc 
L_ring=L_tplug-Ttplug 
L_lug=Lring-Hring-0.75

! cartesian coordinates 

shell thickness 
shell outside radius 

I shell inside radius 
height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
thickness of support ring

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location (top interface with shell)

C
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B_lug=3.25 ! base height of the lifting lug 
H_lug=4.13 radial height of the lifting lug 
R_lug=l.75 I radius of lug curvature 
R thru=l.38/2 I radius of lug thru hole 

/com lower shell keypoints 
k,l,OR I shell outer bottom 
k,2,IR shell inner bottom 
k,6,IR,,H dsc/2 I mid-heght of DSC 
k,7,OR,,Hdsc/2 ! mid-heght of DSC 

/com upper shell keypoints 
k,70,IR,,L lug-B_lug I bottom base of the lifting lug 
k,71,IR,,Llug I top base of the lifting lug 
k,72,IR,,L_ring-H_ring I bottom of the support ring 
k,73,IR,,L_ring I top of the support ring 
k,74,IR,,L_itc I top of the inner top cover plate 
k,75,IR,,Lotc-Ttw I root of outer top cover plate weld 
k,76,IR+O.21,,Lotc I shell inner top 
k,77,OR-O.19,,Lotc I shell outer top 
k,78,OR,,H dsc-0.59 I upper chamfer 
k,79,OR,,L_itc I line up with KP74 
k,80,OR,,L_ring line up with KP73 
k,81,OR,,Lring-H_ring line up with KP72 
k,82,OR,,Llug I line up with KP71 
k,83,OR,,Llug-B_lug I line up with KP70 

/com outer top cover plate keypoints 
k,90,IR,,L otc I weld at inner radius of DSC 
k,91,IR-0.49,,L otc I weld interface at top surface 
k,92,IR-0.9,,L otc 
k,93,0,,Lotc I center of top surface 
k,95,0,,L-itc I center of bottom surface 
k,96,IR-.44,,L itc I outer radius (chamfer)at bottom surface 

/com inner top cover plate keypoints 
k,101,0,,L itc I center of top surface 
k,102,0,,L-tplug I center of bottom surface 
k,103,IR,,Ltplug outer radius at bottom surface 
k,104,IR-.44,,Litc radius at top cover plate contact 
k,105,IR-.44,,Ltplug I line up with KP104

/com top shield plug keypoints 
k,IIO,IR,,L tplug 
k,lll,0,,L_4plug 
k,112,0,,L ring 
k,113,IR,,L_ring 

/com support ring keypoints 
k,120,IR,,L ring 
k,121,IR-Tring,,Lring 
k,122,IR-Tring,,L_ring-H_ring 
k,123,IR,,L_ring-Hring

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

outer radius at top surface 
* inner radius at top surface 
! inner radius at bottom surface 
* outer radius at bottom surface

/com lifting lug keypoints 
k,130,IR-H lug+Rlug,,L_ring-Rlug 
k,131,IR-Hlug+R_lug,,L_ring 
k,132,IR-Hlug+(i-.707)*Rlug 
k,132,IR-Hlug+(l-.707)*Rlug,,L_ring-R_lug-.707*Rlug 
k,133,IR-0.6,,L_lug-Blug

klist

S.... . . . ..... N O:... . . . .. . I
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/com meshing ********************************** 

/com define arcs to sweep volumes and lines 
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,swp_arcl,,,26,1 26 divisions on "swparcl"

lsel,none 
k,203,IR-7,,H dsc/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 

/com upper shell elements 
isel,none 
asel,none 
vsel,none 
type, ll 
mat,l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73,80,81 
a,73,74,79,80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r,loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,,,2 
ksel,s,,,6,70,64 
lslk,s,l1 
lesize,all,2.31,, ,1/6.4 
ksel,s, ,,7,83,76 
lslk, s,l 
lesize,all,2.31,,, 6 .4 
vdrag, all,,,,,,l 
esize, 0.75 
vmesh, all 
cm, aushellarea 
cm, vushell,volume 
ksel,all

12 divisions on "swparc2" 

select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swparcl") 
0.75" element height for unmeshed lines

/com outer top cover plate elements 
lsel,none 
asel, none 
vsel,none 
type,12 
mat,1 
a, 91, 92, 96,75 
lsel,r,loc,x,IR-0.9,IR select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
vdrag,all,,,,,,l I generate volume along line 1 ("swp-arcl") 
v,92,kp(0,IR-0.9,Lotc),93,93,96,kp(0,IR-0.44,Litc),95,95 
ksel,s,,,93,95,2 I select centerline 
lslk,s,l lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness
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vmesh,all 
cm, aouttop, area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 13 
mat,1 
ksel, s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,L_tplug),102,102 
esize,T itc/2 ! 2 elements thru plate 
vmesh,ahl 
cm, aintop,area 
cm, vintop,volume 
ksel,all

/com top shield plug elements 
lsel,none 
asel,none 
vsel, none 
type, 14 
mat, 2 
ksel,s,kp,,ll0,113,1 
ldrag,ll0,113,,,,,2 generate lines along line 2 
v,ll0,kp(0,IR,L-tplug),ll1,ll1,113,kp(0,IR,L_ring),112,112 
esize,T tplug/3 3 elements thru plate 
vmesh,all 
cm, atopplug,area 
cm, vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat,l 
a,76,91,75,75 
lsel,r,loc,z,Lotc 
lesize,all,,,2,0.49/0. 2 1 ! 2 d: 
vdrag,all,,,,,,l . gen 
vmesh,all 
cm, atopweld, area 
cm, vtopweld, volume

("swp-arc2")

ivisions, generate node at IR 
erate volume along line 1 ("swp-arcl")

/com support ring elements 
isel,none 
asel,none 
vsel, none 
type, 16 
mat,l 
a,120,121,122,123 
lsel,r,loc,z,Lring ! select upper radial line 
lesize,all,,,2, (T_ring-.40)/.40 ! 2 divisions, gen node at shield plug chamfer 

lsla,s ! lines contained in above areas 

lsel,r,loc,z,L_ring-Hring ! select lower radial line

U
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lesize,all,,,2,.40/(Tring-.40) ! 2 divisions, gen node at shield plug chamfer 
lsla,s lines contained in above areas 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
esize,H ring/2 2 elements thru plate height 
vmesh, afl 
cm, asupring,area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat, l 
larc,131,132,130,R lug 
a,70,71,122,121,13f,132,1 3 3 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,L otc 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,a_gross,a thru 
amesh, all 
csysl 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode, node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen, 2,maxnode, all 
csys,0 
esel,s,type,,11,21,10 
allsel,below, elem 
nummrg,node 
esel, s,type,,16,21,5 
allsel,below, elem 
nummrg,node

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel,s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top 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,s,type,,11,13,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,Litc-.01,Litc+.01 
nummrg,node ! weld of inner cover plate to shell

esel,s,type,,11,16,5 
nsle
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nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,z,Lring-.01,Lring+.01 
nummrg,node upper (continuous) weld of support ring 

nsel, s,loc,y,0, 90/26 
nsel, a, loc,y, 5.9*90/26,7.1*90/26 
nsel,a,loc,y, 11.9*90/26,13.1*90/26 
nsel,a, loc, y, 18.9*90/26,20.1*90/26 
nsel,a, loc, y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r, loc, z,Lring-Hring-.01,Lring-Hring+.0l 
nummrg,node I lower (intermittent) weld of support ring 

csys,0 I cartesian coordinates 

allsel 

/com reflect quarter geometry to generate half model

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

*do, i, 11,16,1 
/gopr 
esel,s,type,,i 
nsle 
nummrg,node 

*enddo

esel,stype,,21 
nsle 
nummrg,node 
allsel

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (top shell components) 

merge nodes at line of symmetry (lifting lug nodes)

/com define contact elements 
/com top end plates

!esel,s,type,,ll 
!nsle 
!cm, contll,node 

esel,s,type,,12 
nsle 
cm, contl2,node 

esel,stype,,13 
nsle 
cm, contl3,node

nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate

csys,l ! cylindrical coorainat• 
esel,s,type,,16 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.0l 
nsel,r,loc,x,IR-Tring+.l,IR-.l 
cm, contl6,node I nodes of support ring 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
nsel,r,loc,x,IR-Tring-.l,IR-T_ring+.l 
cm,contl6l,node I nodes of support ring 
csys,0 ! cartesian coordinates 

cmsel,s,contl3 
nsel,r,loc,z,L itc-.01,L itc+.0l 
cm,targl3l2,node ! inner top cover plate

at plug chamfer 

at inner radius

top surface nodes

I � a
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esel,s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.O1,Ltplug+.Ol 
cm, targl4l3,node ! top shield plug top surface nodes

csys, 1 

!esel, s,type,,14 
!nsle 
!nsel,r,loc,x,IR-.0l,IR+.0l 
!cm, targl4ll,node

! cylindrical coordinates

! top shield plug circumferential nodes

esel, s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
nsel,r,loc,x,l0.5*IR/12,IR+.l mesh dependent 
cm,targl4l6,node ! support ring inner top surface nodes

csys, 0 ! cartesian coordinates

allsel 
type, 20 
! real, 201 
t gcgen, contl2,targl3l2,1 
real,202 
gcgen, contl3,targl4l3,1 

real,203 
I gcgen,contll,targl4ll,1 
!real,204 
gcgen,contl6,targl4l 6 ,1 
gcgen,contl6l,targl4l

6 ,1

! generate contact elem btwn inner & outer plates 

generate contact elem btwn plug & inner plate 

! generate contact elem btwn plug and shell 

gen contact elem btwn support ring & plug (outer) 
gen contact elem btwn support ring & plug (inner)

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

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

!nsel,s,loc,x,-.01,.01 
!d, all,ux,0 
!allsel

! symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsel,s,loc,z,H dsc/2 shell now ends at mid-height 
d, all,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 support ring for stability (one locations) 

/com ********* valid only for temp & internal pressure loading ********* 

esel,s,type,,14,16,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,y, 0,.01 
nsel,r,loc,z,Lring-.01,L_ring+.0l 
cp,next,ux, all

I
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-allsel

vclear, 12 
esel,s,type,,14 
edele,all 
esel,s,type,,20 
edele,all 
alls 

stop=O 
*if, stop,eq,0,then 

save 

fini 

/solution 

/com analysis parameters 
antype,static 
nropt,auto 
neqit, 50 
pred,on,,on 
autots,on 
nlgeom 
eqslv,pcg, le-7

/com Temperature Case 26, 117 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 26, 
nsubst, 1,8 
csysl

117 deg Ambient

/com read input from thermal results file 
idread, temp, 3,,,, t24therm, rth,d:\fo-dsc\newansys\top\ 

lswrite end of load step 1 
save 

solve, 
save 

fini 

/exit 

/eof

*endif

PROJECT NO: I REVISION: U
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PT24PTH2.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com thermal loads 
resume,t24pth2,db 
/postl 
file,t24pth2,rst 

/com element plots 
/show,pt24pth2,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I plot elements 
/zoom,l,rect,0.03,0.75,0.94,-0. 7 9 
/show, off , discontinue plots to file 
/auto,l zoom - fit 

csys,l cylindrical coordinate system 
dsys,l 
rsys,l 

S*do,iset,l,2 I define steps to postprocess 
/go 
set,iset 

/com DSC Upper Shell Postl Results---------------------------------------------
esel,s,type,,ll 
nsle 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel,r,loc, z,L_ring-H_ring-5,H dsc-.7 
cm,outer,node I outer surface nodes 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc, z,L_ring-H_ring-5,H dsc-.7 
cm, reminner,node I 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, inode,loc,y 
*get, zt,node, inode,loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR, yt, zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r,type,,ll 
nsle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I 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, , 11 
nsle 
nsel, r, loc, y, theta-l,theta+l 
esln 
esel,r, type,,ll 
nsle 
*do, ix, IR+.21,OR-.19,0R-.19-(IR+.21) 

inode=node(IR,theta,Lotc-Ttw) 
onode=node(ix, theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode, onode 
prsect 

*enddo 
*do,iz,L otc-.47/2,L otc-.47,-.4 7 / 2 

inode=node(IR,theta, L_otc-Ttw) 
onode=node(OR, theta, iz) 
nlist, inode,onode, onode-inode 
ipath, inode,onode 
prsect 

*enddo 
/com 
/com shell at mid-height 

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

*enddo I theta loop

/com DSC Outer Top Cover Plate Postl Results 
esel,s,type,,12 
nsle 
nsel,r,loc,z,Lotc-.01,Lotc+.Ol 
nsel, r, loc,x,0,IR-0.8 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Litc-.01,Litc+.01 
nsel,r, loc,x,0,IR-0.4 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(O,O,L itc) 
*get,xt,node, inode, loc,x 
*get,yt,node,inode, loc,y 
*get, zt,node,inode,loc, z 

cmsel,s,outer I select outer surface nc 
onode=node(xt,yt,L-otc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r,type,,12 
nsle 
nlist, inode, onode,onode-inode 
lpath, inode, 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

)des

surface nodes

-IIL UL O NO ... . ...... 020

--------------------------
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*do,theta,0,180,90/26 seci 
esel,s,type,,12 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r, type,,12 
nsle 

inode=node(IR-.22,theta, 185.17) 
onode=node(IR-.70,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo the

tions at 3.46 degree intervals

ta loop

/com DSC Outer Top Cover Plate Weld Postl Results------------------------------
*do,theta,0,180,90/26 sections at 3.46 degree intervals 

esel,s,type,,15 
nsle 
nsel,r, loc,y,theta-l,theta+l 
esln 
esel,r,type,,15 
nsle 
*do, ix, IR-.49,IR+.21, (.49+.21)/2 

inode=node(IR,theta,L_otc-Ttw) 
onode=node(ix,theta,L otc) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*enddo theta loop

/com DSC Inner Top Cover Plat 
esel,s,type,,13 
nsle 
nsel,r,loc,z,L itc-.01,L itc+ 
cm, outer, node 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltp 
cm, reminner,node 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L tplug) 
*get, xt,node, inode, loc,x 
*get, yt,node, inode, loc, y 
*get, zt,node, inode,loc,z 

cmsel,s,outer 
onode=node(xt,yt,L_itc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, ,13 
nsle 
nlist, inode,onode,onode-in 
ipath, inode,onode 
prsect 
cmsel,s,reminner 
nsel,u,node,,inode 
cm, reminner,node

Results------------------------------------

! outer surface nodes 

lug+.01 
I inner surface nodes 

select outer surface nodes 

Lode 

I select remaining inner surface nodes 
unselect lpath nodes
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*enddo 

/com DSC Top Shield Plug Postl Results 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.0l 
cm, outer, node outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.0l 
cm, reminner, node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0, L ring) 
*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-tplug) 
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,, 14 
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 

*enddo 

/com DSC Support Ring Postl Results 
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
cm, outer, node outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-Hring-.01,L_ring-Hring+.01 
cm,reminner,node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L_ring-H_ring) 
*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_ring) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, , 16 
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 

*enddo

I-
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/com Nodal Forces for Weld of Outer Top Cover Plate 
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.Ol,IR+.0l 
nsel,r,loc,z,L -otc-T tw-.01,L otc-T tw+.0l 
spoint,,.01,.0l,o T summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate 
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L itc-.01,Litc+.01 
spoint,,.01,.0l,O I summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring-------------------------------------
/comr 
/com top row of nodes (continuous weld) 
esel, s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-.01,L_ring+.0l 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc,z,L_ring-H_ring-.l,L_ring-Hring+.l 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,Hdsc/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 I plot to file 

/dscale,,auto I displacement scale 

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,0.5 
plnsol,bfe,temp I plot temperature distribution 
plnsol,s,int,0 ! plot stress intensity 
/zoom, l,rect,-0.02,0.60,0.93,-0.86 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot
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/zoom,l,rect,0.03,0. 7 5,0.94,-0. 7 9 
/auto,l ! zoom - fit

! displacement scale

/com shell elements 
esel, s,type,,ll 
nsle 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O 
/view,,0.2,0.8,0.5 
/replot

plot stress intensity 

plot stress intensity

/com outer cover plate weld elements 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,13 
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,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! end load step loop

exit, nosave

/eof

" --- N

/dscale,, 1

-y
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Appendix Al I 

ANSYS Analysis Run Summary and Input Listings for 
T24PTHP



-• TRANSNUCLEAR, INC.  
TN WEST

"ROJECT NO:
.,CALCULATION NO:

SCE-01
SCE-o01.0204

ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PTHP (anal) 

Date/Time: 6/1/00 4:19 PM 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Vet 

CPU: Dual Pentium-III 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Thermal cases

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

,sis) (1) PT24PTHP (postprocessing) (1)

6/10/00 9:52 PM

r.4.0

I 450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and top end components

internal pressure (2.3)

_Thermal 

Non-Linear 

•Non-Linear

__Other:

Contac49: 3-D point to surface contact

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 calc.  
3. Of five load steps defined, only load steps 1 through 4 are valid.  

Run By: Date: 
Michael,. Cohen 

Checked By: Date: ( /,O 
---teven A. Stguker

I REVISION: 0
IrAUiL:

!
r .....

I = n

I

A=1 1-Z- OTr/1 -10
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T24PTHP. inp 

/batch, list 
/filname, t24pthp 
/title,24P-FO DSC Shell Assembly (Top End, 180 degree Model) 
/config, ncont, 1200 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et, ll, solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16,solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
r,201,lE5,1e6/l00,, 
r,202,lE6,1e7/100 
!r,203,1.OE+07 
r,204,1E5,1e6/100 
keyopt,20,7,1 

et,21,shell63 
r,21,0.75/2

3-D point to surface contact elements 
norm/tan stiffness of gap elem btwn inner & outer plates 
norm/tan stiffness of gap elem btwn plug & inner plate 
normal stiffness of gap elem btwn plug and shell 
norm/tan stiffness of gap elem btwn support ring & plug 
keyopt (7)=1 

Elastic Shell - Lifting Lugs 
half-thickness of lug

tref, 70 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 

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,

2 5 . 8 E+06, 2 5 . 3 E+06 SA-240 Type 316 
mpdata,alpx,l,l,0,8.76E-06,8.97E-06,9.21E-0

6 , 9 .4 2 E-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+06,28.8E+06,28.3E+06,2

7 . 7 E+06,2 7 . 3 E+06,26. 7 E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.

9 1E-06, 7 .1 7 E-06 
nuxy, 2,0.29

csys, 0

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

T otc=1.3125 
T-itc=l.25 
T_tplug=7.625 
T tw=.50 

H ring=2.00 
T ring=0.75 

L otc=H dsc-0.12 
L-itc=L-otc-T otc 
L~tplug=Litc-T itc 
L_ring=Ltplug-Ttplug

cartesian coordinates 

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

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
thickness of support ring

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface)

I

U

!

!

w -

B
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L_lug=L_ring-Hring-0.75 lug location (top interface with shell) 

B_lug=3.25 base height of the lifting lug 
I H_lug=4.13 radial height of the lifting lug 

R_lug=l.75 radius of lug curvature 
R thru=l.38/2 I radius of lug thru hole 

/com lower shell keypoints 
k,l,OR I shell outer bottom 
k,2,IR I shell inner bottom 
k,6,IR,,H dsc/2 mid-heght of DSC 
k,7,OR,,H-dsc/2 mid-heght of DSC 

/com upper shell keypoints 
k,70,IR,,Llug-B_lug bottom base of the lifting lug 
k,71,IR,,L_lug I top base of the lifting lug 
k,72,IR,,Lring-H_ring I bottom of the support ring 
k,73,IR,,L_ring top of the support ring 
k,74,IR,,Litc top of the inner top cover plate 
k,75,IR,,Lotc-Ttw I root of outer top cover plate weld 
k,76,IR+O.21,,Lotc I shell inner top 
k,77,OR-0.19,,L_otc , shell outer top 
k,78,OR,,H dsc-0.59 I upper chamfer 
k,79,OR,,L itc I line up with KP74 
k,80,OR,,L ring I line up with KP73 
k,81,OR,,Lring-H_ring I line up with KP72 
k,82,OR,,Llug I line up with KP71 
k,83,OR,,L_lug-B_lug I line up with KP70 

/com outer top cover plate keypoints 
k,90,IR,,L otc I weld at inner radius of DSC 
k,91,IR-O.49,,L otc I weld interface at top surface 
k,92,IR-0.9,,Lotc 
k,93,0,,Lotc I center of top surface 
k,95,0,,Litc ! center of bottom surface 
k,96,IR-.44,,Litc I outer radius (chamfer)at bottom surface 

/com inner top cover plate keypoints 
k,101,0,,Litc I center of top surface 
k,102,0,,L tplug ! center of bottom surface 
k,103,IR,,Ltplug outer radius at bottom surface 
k,104,IR-.44,,Litc I radius at top cover plate contact 
k,105,IR-.44,,Ltplug I line up with KP104 

/com top shield plug keypoints 
k,ll0,IR,,Ltplug I outer radius at top surface 
k,lll,0,,L_tplug ! center at top surface 
k,112,0,,L ring center at bottom surface 
k,113,IR,,L_ring I outer radius at bottom surface 

/com support ring keypoints 
k,120,IR,,L ring I outer radius at top surface 
k,121,IR-Tring,,L_ring ! inner radius at top surface 
k,122,IR-T_ring,,L_ring-H_ring I inner radius at bottom surface 
k,123,IR,,Lring-H_ring I outer radius at bottom surface 

/com lifting lug keypoints 
k,130,IR-Hlug+R lug,,L_ring-R_lug 
k,131,IR-Hlug+Rlug,,L_ring 
k,132,IR-Hlug+ (i-.707)*Rlug 
k,132,IR-Hlug+(l-.707)*Rlug,,Lring-Rlug-.707*R_lug 
k,133,IR-0.6,,L_lug-B_lug

/•1 1-4 01"/'•.1 1-11:i
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klist 

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

/com define arcs to sweep volumes and lines 
isel,none 
k,200,0,,H dsc/2 
k,201,IR-5,,Hdsc/2 
k,202,0,IR-5,H_dsc/2 
larc,201,202,200,IR-5 
cm, swparcl,line 
lesize,swparcl,,,26,1 ! 26 divisions on "swparcl"

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

/com upper shell elements 
lsel,none 
asel,none 
vsel, none 
type, ii 
mat, 1 
a, 6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73,80,81 
a,73,74,79,80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r,loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,, ,2 
ksel,s,,,6,70,64 
lslk, s,l 
lesize,all,2.31,, ,i/6.4 
ksel,s,, ,7,83,76 
lslk,s,l 
lesize,all,2.31,,, 6.4 
vdrag, all,,,,,,1 
esize,0.75 
vmesh, all 
cm, aushell,area 
cm, vushell,volume 
ksel, all

12 divisions on "swp_arc2" 

I select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swparcl") 
0.75" element height for unmeshed lines

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,12 
mat, 1 
a, 91, 92, 96,75 
lselir,loc,x,IR-0.9,IR I select lines for dividing 
llist 
lesize, all,,,2 I 2 divisions for selected lines 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
v,92,kp(0,IR-0.9,L -otc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 select centerline 
lslk,s,l lines containing selected keypoints
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lesize,all,,,2 2 divisions thru plate thickness 
vmesh, all 
cm, aouttop, area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 13 
mat,l 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swp arcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,Ltplug),102,102 
esize,T itc/2 ! 2 elements thru plate 
vmeshafl 
cm, aintop, area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type,14 
mat,2 
ksel,s,kp,,ll0,113,1 
ldrag,ll0,113,,,,,2 generate lines along line 2 ("swparc2') 
v,ll0,kp(0,IR,L_tplug),lll,111,113,kp(0,IR,L_ring),112,112 
esize,Ttplug/3 3 elements thru plate 
vmesh,all 
cm, atopplug,area 
cm, vtopplug,volume 
ksel,all 

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none Stype, 15 

mat, 1 
a,76, 91,75,75 
lsel,r,loc,z,L_otc 
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, atopweld,area 
cm, vtopweld, volume 

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat,l 
a,120,121,122,123 
lsel,r,loc,z,Lring select upper radial line 
lesize,all,,,2,(T_ring-.40)/.40 ! 2 divisions, gen node at shield plug chamfer 
lsla,s ! lines contained in above areas

I
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lsel,r, loc, z, L_ring-Hring 
lesizeall,,,2,.40/(T_ring-.  
lsla,s 
vdrag,all,,,,,,l 
esize,H ring/2 
vmesh,afl 
cm, asupring, area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat, l 
larc,131,132,130,Rlug 
a,70,71,122,121,131,132,13 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,1 
cyl4,kx(130),kz(130),R_thr 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,a_gross,a thru 
amesh, all 
csysl 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode,node,,num,ma• 
ngen, 2,maxnode, all,,, 0,90, 
egen, 2,maxnode,all 
csys, 0 
esel,s, type,,1l,21,10 
allsel,below, elem 
nummrg, node 
esel,s,type,,16,21,5 
allsel,below, elem 
nunmmrg, node

! select lower radial line 
40) ! 2 divisions, gen node at shield plug chamfer 

lines contained in above areas 
generate volume along line 1 ("swp arcl") 
2 elements thru plate height 

define arc 
33 define gross area 

otc ! workplane definition 
:u ! define circular area of thru hole 

I return to default workplane 

cylindrical coordinates 
I select lug elements & nodes 

,0 generate lug at 90 degrees 

I cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel

/com merge nodes for material continuity

esel,s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top 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,s,type,,11,13,2 
nsle 
nsel,r,locx,IR-.0l,IR+.0l 
nsel,r,loc,z,Litc-.01,Litc+.01 
nummrg,node I weld of inner cover plate to shell

esel, s, type,, 11,16,5

7
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nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-.01,L_ring+.0l 
nummrg,node upper (continuous) weld of support ring 

nsel,s,loc,y,0,90/26 
nsel,a, loc,y, 5.9*90/26,7.1*90/26 
nsel,a,loc,y, 11.9*90/26,13.1*90/26 
nsel,a,loc,y,18.9*90/26,20.1*90/26 
nsel,a, loc,y, 24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lring-Hring-.01,L ring-H ring+.0l 
nummrg,node lower (intermittent) weld of support ring 

csys,0 cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model

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

*do,i, 11,16,1 
/gopr 
esel,s,type,,i 

nsle 
nummrg,node 

*enddo 

esel,s,type,,21 
nsle 
nummrg,node 

! allsel 

/com define contact elements 
/com top end plates

!esel,s,type,,ll 
!nsle 
!cm, contll,node 

esel,stype,,12 
nsle 
cm, contl2,node 

esel,s,type,,13 
nsle 
cm, contl3,node

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (top shell components) 

I merge nodes at line of symmetry (lifting lug nodes)

nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate

csys,l cylindrical coordinates 
esel,s,type,,16 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.0l 
nsel,r,loc,x,IR-T_ring+.l,IR-.l 
cm, contl6,node I nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r,loc,x,IR-T ring-.l,IR-Tring+.l 
cm,contl6l,node I-nodes of support ring at inner radius 
csys,0 I cartesian coordinates

cmsel,s,contl3 
nsel,r,loc,z,Litc-.01,L itc+.O1

?ROJEECT NO: 
_CALCULATION NO: rAWr_:

SCE-01 0204
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cm,targl312,node ! inner top cover plate top surface nodes 

csys,l I cylindrical coordinates 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,L_tplug+.01 
nsel,r,loc,x,10.5*IR/12,IR+.l 
cm, targl4l3,node I top shield plug top surface nodes 

!esel,s,type,,14 
!nsle 
!nsel,r,loc,x,IR-.01,IR+.Ol 
!cm,targl4ll,node I top shield plug circumferential nodes 

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.0l 
nsel,r,loc,x,l0.5*IR/1

2 ,IR+.l mesh dependent 
cm, targl416,node support ring inner top surface nodes 

csys,0 I cartesian coordinates 

allsel 
type, 20 
real,201 
gcgen,contl2,targl

3l2,1 I generate contact elem btwn inner & outer pl 

real,202 
gcgen,contl3,targl

4 13 ,1 I generate contact elem btwn plug & inner pla 

real,203 
gcgen,contll,targl

4 ll,l I generate contact elem btwn plug and shell 

real,204 
gcgen,contl6,targl

4 l6,1 I gen contact elem btwn support ring & plug 

gcgen,contl6l,targl
4 l6,1 I gen contact elem btwn support ring & plug 

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

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

!nsel,s,loc,x,-.01,.Ol 
!d,all,ux,0 I symmetry about y-z plane (90 degree model 

!allsel 

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 I shell now ends at mid-height 
d, all,uz 
nsel,r,loc,x,OR-.01,OR+.Ol 
nsel,r,loc,y,0, .01 
d, all, ux 
allsel 

/com ux couple shield plug to support ring for stability (one locations) 

/com ********* valid only for temp & internal pressure loading ***** 

esel, s,type,,14,16,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.Ol 
nsel,r,loc,y, 0,.01 
nsel,r,loc,z,L_ring-.01,Lring+.0l

ates 

te 

outer) 
inner) 

only!)

REVISIO: 0
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cp,next,ux,all 

allsel 

vclear, 12 
esel,s,type,,14 
edele, all 
esel,s,type,,20 
edele,all 
alls 

save 

fini 

/solution

/com analysis parameters 
antype, static 
nropt,auto 
neqit,50 
pred, on,,on 
autots,on 
nlgeom 
eqslv,pcg, le-7 

/com 24P-FO DSC (Top End) Nonlinear Pressure Start, 1 psi 
/title, 24P-FO DSC (Top End) Nonlinear Pressure Start, 1 psi 
nsubst,1,8 

csysl I cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc, z,H_dsc/2,Ltplug+.0l 
nsel,r, loc,x,0,IR+.0l 
sf,all,pres,l 1 psi 
nsle 
nsel,r,loc,z,L_tplug-.01,L-itc+.01 
nsel,r,loc,x,IR-.01,IR+.Ol 
sf,all,pres,l 
esel,s,type,,14 

nsle 
nsel,r,loc,z,L_tplug-.01,L_tplug+.01 
sf,all,pres,.0001 I Stability pressure for shield plug 

allsel 
csys,0

lswrite ! end of load step 1

save 

solve 
save

/com Temp Case 7, -40 deg Ambient + 10 psi 
/title, 24P-FO DSC (Top End) Temp Case 7, -40 deg Ambient + 10 psi

r,201,1E6,1e6/100,,,5 
r,202,1E7,1e7/100 
r,204,1E6,le6/100

norm/tan stiffness of gap elem btwn inner & outer plates 

norm/tan stiffness of gap elem btwn plug & inner plate 
norm/tan stiffness of gap elem btwn support ring & plug

-7

I
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nsubst, 1, 8 
csys' 1 

/com Define temps for DSC shell in active fuel region 
eselstype,,ll 
nsle 
nselrlocz,15.5,159.5 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt=(180-ytdeg)*3.14156/180 
ntemp=-74.39*yt+379.6 
bftnodetempntemp 
nselunode,,tnode 

*enddo 

/com Define temps for DSC shell above active fuel region 
eselstype,,ll 
nsle 
nselrlocz,159.5,186.17 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt=(180-ytdeg)*3.14156/180 
ntemp=-5.39*zt+.93*yt*zt-221.1*yt+1239.2 
bftnodetempntemp 
nselunode,,tnode 

*enddo 

/com Define temps for DSC Support Ring 
eselstype,,16 
nsle 
*gettotnodenode,,count 
*Doiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt=(180-ytdeg)*3.14156/180 
ntemp=-5.39*zt+.93*yt*zt-221.1*yt+1239.2 
bftnodetempntemp, 
nselunode,,tnode 

*enddo 

/com Define temps for Inner & Outer Cover Plates, and Weld 

eselstype,,12,15,1 
nsle 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 

*getztnodetnodelocz
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yt= (180-ytdeg) *3.14156/180 
ntempl=-. 1284*zt*xt+.0281*yt*zt*xt 
ntemp2=-6.7289*yt*xt+2 3 .33 *xt1. 15*zt+469.2 
ntemp=ntempl +ntemp2 
bf, tnode, temp7 ntemp 
nsel,u, node, ,tnode 

*enddo 

all sel 
csys, 0 

lswrite end of load step 2 
save 

solve 
save 

fini 

/exit 

/eof
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PT24PTHP.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com thermal + pressure loads 
resume,t24pthp,db 
/postl 
file,t24pthp, rst 

/com element plots 
/show,pt24pthp,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 ! numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 ! precise hidden 
esel,u,type,, 2 0 unselect contact elements 
eplot I plot elements 
/zoom,l,rect,0.03,0.

7 5 ,0. 9 4 ,-0. 7 9 

/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,1 
rsys,1 

/go 
set, iset 

/com DSC Upper Shell Postl Results 

esel,s,type,,ll 
nsle 
nsel,r,loc,x,OR-.01,OR+.Ol 
nsel,r,loc,z,Lring-Hring-5,H dsc-.7 
cm,outer,node I outer surface nodes 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,L_ring-Hring-5,H dsc-.7 
cm, reminner,node I-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, inode,loc, y 
*get,zt,node, inode, loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR, yt, zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r,type,,ll 
nsle 
nlist, inode,onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 

nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

*enddo 

/com

I
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/com shell adjacent to DSC end components 
*dotheta,0,180,90/26 sections at 3.46 degree intervals 

eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaLotc-Ttw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL -otc-.47/2,L-Otc-.47,-.47/2 
inode=node(IRthetaLotc-Ttw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
/com 
/com shell at mid-height 

inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo theta loop

/com. DSC Outer Top Cover Plate Postl Results --------

esels.type,12 
nsle 
nselrloczL-otc-.01,L-otc+.Ol 
nselrlocxOIR-0.8 
cmouternode outer surface nodes 

nsle 
nselrloczL-itc-.01,L-itc+.Ol 
nselrlocxOIR-0.4 
cmreminnernode inner surface nodes 

*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOL itc) 
*getxtnodeino-delocx 
*getytnodeinodelocy 
*getztnodeinodelocz 
cmselsouter select outer surface n 

onode=node(xtytL -otc) 
nselsnode,,inode 
nselanode,,onode 
esln 
eselrltype,,12 
nsle 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
cmselsreminner select remaining inner 

nselunode,,inode unselect lpath nodes 

cmreminnernode 
*enddo 
/com 
/com outer cover plate adjacent to DSC eno components

--------------------------

Aes

surface nodes
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*do, theta, 0,180,90/26 sec 
esel,s,type,,12 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r,type,,12 
nsle 

inode=node(IR-.22,theta,185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo ! the

tions at 3.46 degree intervals 

ta loop

/com DSC Outer Top Cover Plate Weld Postl Results 
*do,theta,0,180,90/26 sections at 3.46 degree intervals 
esel,s,type,,15 
nsle 
nsel,r, loc,y,theta-l,theta+l 
esln 
esel,r,type,,15 
nsle 
*do,ix,IR-.49,IR+.21,(.49+.21)/2 

inode=node(IR,theta,Lotc-Ttw) 
onode=node(ix,theta,L otc) 
nlist, inode, onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
*enddo theta loop

/com DSC Inner Top Cover Plate Postl 
esel, s,type,,13 
nsle 
nsel,r,loc,z,L_itc-.01,Litc+.01 
cm,outer,node outer 
nsle 
nsel,r,loc,z,L tplug-.01,Ltplug+.0l 
cm, reminner,node I inner 
*get, totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,L_tplug) 
*get,xt,node,inode, loc,x 
*get,yt,node,inode, loc, y 
*get, zt,node,inode,loc, z 
cmsel,s,outer ! seleci 
onode=node(xt,yt,Litc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r, type,,13 
nsle 
nlist, inode,onode,onode-inode 
ipath, inode, onode 
prsect 
cmsel,s,reminner I seleci 
nsel,u,node,,inode I unsel4 
cm, reminner,node

Results----------------------------------

surface nodes 

surface nodes

t outer surface nodes 

t remaining inner surface nodes 
ect ipath nodes
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*enddo 

/com DSC Top Shield Plug Postl Results 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.O0 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-.01,L_ring+.Ol 
cm, reminner,node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0, 0,L_ring) 
*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-tplug) 
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,,14 
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 

*enddo 

/com DSC Support Ring Postl Results 
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
cm, outer,node I outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-Hring-.01,L_ring-Hring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,Lring-H_ring) 
*get,xt,node,inode,loc,x 
*get,yt,node,inode,loc,y 
*get,zt,node, inode, loc, z 

cmsel, s, outer I select outer surface nodes 
onode=node(xt, yt, Lring) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,,16 
nsle 
nlist,inode,onode, onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes S~cm, reminner,node 

*enddo
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/com Nodal Forces for Weld of Outer Top Cover Plate 

esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-T tw-.01,L otc-T tw+.Ol 
spoint,,.01,.0,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate 

/comr 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Litc-.01,Litc+.Ol 
spoint,,.01,.O0,O I summation in cylindrical coordinate system 

nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 

/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 

spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc, z,Lring-H ring-.l,Lring-H ring+.l 
spoint,,.01,.0, 0 summation in cylindrical coordinate system 

nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,Hdsc/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 

/dscale,,auto ! displacement scale 

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,0.5 
plnsol,s,int, 0 plot stress intensity 
/zoom,l,rect,-0.02,0.60,O.

9 3 ,-0. 8 6 

/auto,l ! zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/zoom, l,rect,0.03,0.75,0.94,-0.79

I
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! zoom - fit

/dscale, , 1 ! displacement scale

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

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,O.2,0.8,0.5 
/replot 

/com outer cover plate weld elements 
esel,s, type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,O.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,13 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,O.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,s,type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,O.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,O.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! end load step loop

exit,nosave 

/eof

C'AA i Ft ii Ant-wi tino qri=-nl n204
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PTP2 (anal) 

Date/Time: 6/2/20 12:14 P 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC St 

Loads Considered: Thermal cases 

Analysis Type: *Static _ 

Materials: *Linear 

Geometry: *Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

isis) ('1)

M

PT24PTP2 (postprocessing) (1)

6/10/00 11:10 PM

r. 4.0

1 450 MHz

*SOLUTION *POST1 

•ell Assembly: Shell and top end components

÷ internal pressure (2)

_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.

Run By: Date: ( // 

Date: 6 ,Checked By:
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T24PTP2.inp 

/batch, list 
/filname,t24ptp2 
/title,24P-FO DSC Shell Assembly (Top End, 180 degree Model) 
/config,ncont, 1200 
/prep7

/com shell assembly components
et, 1, solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et,ll,solid45 
et,12,solid45 
et,13, solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
r,201,lE5,1e6/100, 
r,202,1E6,1e6/100 
!r,203,1.OE+07 
r,204,lE5,1e6/100 
keyopt,20,7,1 

et,21,shell63 
r,21,0.75/2 

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

3-D point to surface contact elements 
norm/tan stiffness of gap elem btwn inner & outer plates 
norm/tan stiffness of gap elem btwn plug & inner plate 
normal stiffness of gap elem btwn plug and shell 
norm/tan stiffness of gap elem btwn support ring & plug 
keyopt (7)=1 

Elastic Shell - Lifting Lugs 
half-thickness of lug 

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

tref, 70 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 

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.SE+0

6 , 2 5 . 3 E+0 6 ! SA-240 Type 316 

mpdata,alpx,l,1,0,8.76E-06,8.97E-06,9.21E-06,9.4
2 E-0 6 , 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+06,28.8E+06,28.3E+06,27.7E+06,

2 7 . 3 E+0 6 , 2 6. 7 E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-0

6 , 6 . 9 1E-06, 7 .1 7 E-06 
nuxy,2,0.29

csys, 0

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

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H_ring=2.00 
T_ring=0.75

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 

I height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
thickness of support ring

A]• Z-,. OT/tkIZ--I %

t ! 
! 
t 
! 
!

! ! 
! 
!



TN-TRANSNUCLEARw INC.  
TN WEST

A�AICIILATION NO!

L otc=H dsc-0.12 
L-itc=L-otc-T otc 
L tplug=Litc-T itc 
L ring=Ltplug-Ttplu 
L-lug=L_ring-H ring-0 

B_lug=3.25 
H_lug=4.13 
R lug=l.75 
R thru=l.38/2 

/com lower shell keyp 
k,l,OR 
k,2,IR 
k,6,IR,,Hdsc/2 
k,7,OR,,Hdsc/2 

/com upper shell keyp 
k,70,IR,,Llug-B_lug 
k,71,IR,,L lug 
k,72,IR,,L ring-H_rin 
k,73,IR,,Lring 
k,74,IR,,Litc 
k,75,IR,,Lotc-T tw 
k,76,IR+0.21,,L otc 
k,77,OR-0.19,,L-otc 
k,78,OR,,Hdsc-0.59 
k,79,OR,,L itc 
k,80,OR,,L-ring 
k,81,OR,,L_ring-H_rin 
k,82,OR,,L_lug 
k,83,OR,,Llug-B_lug 

/com outer top cover 
k,90, IR,,L otc 
k,91,IR-0.49,,L_otc 
k,92,IR-0.9,,L otc 
k,93,0,,Lotc 
k,95,0,,L_itc 
k,96,IR-.44,,Litc 

/com inner top cover 
k,101,0,,Litc 
k,102,0,,L tplug 
k,103,IR,,L tplug 
k,104,IR-.44,,Litc 
k,105,IR-.44,,Ltplu

SCE-OI

.7 .75

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location (top interface with shell)

base height of the lifting lug 
radial height of the lifting lug 
radius of lug curvature 
radius of lug thru hole 

oints 
shell outer bottom 
shell inner bottom 

I mid-heght of DSC 
I mid-heght of DSC 

oints 
bottom base of the lifting lug 
top base of the lifting lug 

9g bottom of the support ring 
top of the support ring 
top of the inner top cover plate 

I root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 

g line up with KP72 
I line up with KP71 

line up with KP70 

plate keypoints 
I weld at inner radius of DSC 

weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

plate keypoints 
center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104

/com top shield plug keypoints 
k,l10,IR,,L_tplug 
k,lll,0,,Ltplug 
k,112,0,,Lring 
k,113,IR,,Lring 

/com support ring keypoints 
k,120,IR,,L ring 
k,121,IR-T ring,,L_ring 
k,122,IR-T ring,,L_ring-H_ring 
k,123,IR,,L_ring-Hring

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

* outer radius at top surface 
! inner radius at top surface 
! inner radius at bottom surface 
* outer radius at bottom surface

I /com lifting lug keypoints 
k,130,IR-H lug+Rlug,,L_ring-R_lug 

! k,131,IR-Hlug+Rlug,,Lring

U
U PROJECT NO:

SCE-Ul1.0214

I RE:VISION:
'POJC NO SCE-01A.4

rA"F%.ar-;
ALCULATInN NO:

I

U
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k,132,IR-H lug+(l-.707)*Rlug 
I k,132,IR-H lug+(l-.707)*Rlug,,L_ring-R_lug-.707*Rlug 

k,133,IR-0.6,,L_lug-B_lug 

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,Hdsc/2 
larc, 201,202,200,IR-5 
cm, swp arcl,line 
lesize,swp_arcl,,,26,1 I 26 divisions on "swparcl"

isel,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 upper shell elements 
lsel,none 
asel, none 
vsel,none 
type,ll 
mat, l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73,80,81 
a,73,74,79,80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r, loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,,, 2 
ksel,s, ,,6,70,64 
lslk, s,l 
lesize,all,2.31,,1,/6.4 
ksel, s,,,7,83,76 
lslk, s,l 
lesize,all,2.31, ,,6.4 
vdrag,all,,,,,,1 
esize,0.75 
vmesh, all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

/com outer top cover plate el 
lsel,none 
asel,none 
vsel,none 
type, 12 
mat, l 
a, 91,92,96,75 
lsel, r, loc,x, IR-0.9,IR 
llist 
lesize,all,,, 2

12 divisions on "swp arc2" 

select lines for dividing

visions thru shell thickness 
ct central shell line (inner) 
* containing selected keypoints 
* 0.625" element size 
ct central shell line (outer) 
s containing selected keypoints 
to 4" element size 
rate volume along line 1 ("swp arcl") 
" element height for unmeshed lines 

ct lines for dividing

! 2 divisions for selected lines

0
AI Z-0 OT Al-Z-1 t

! ! 
! 
! 
! 

! 
! 
!
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vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
v, 92,kp(0,IR-0.9,L otc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 select centerline 
lslk,s,l lines containing selected keypoints 
lesize,all,,,2 1 2 divisions thru plate thickness 
vmesh,all 
cm, aouttop,area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 13 
mat,l 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 1 division for horizontal lines 
vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 
v, 104,kp(0,IR-.44,L itc),101,101,105,kp(O, IR-.44,L_tplug),102,102 
esize,T itc/2 1 2 elements thru plate 
vmesh,afl 
cm, aintop,area 
cm, vintop,volume 
kselall 

/com top shield plug elements 
lsel,none 
asel,none 
vsel, none 
type, 14 
mat,2 
ksel,s,kp,,110,113,1 
ldrag,ll0,113,,,,,2 I generate lines along line 2 ("swp-arc2') 
v, ll0,kp(0,IR, L-tplug)111,111,113,kp(0,IR, L_ring),112,112 
esize,Ttplug/3 I 3 elements thru plate 
vmesh, all 
cm, atopplug,area 
cm, vtopplug,volume 
ksel,all 

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat, 1 
a,76, 91,75,75 
lsel,r,loc,z,L_otc 
lesize,all,,,2,0.49/0.21 1 2 divisions, generate node at IR 
vdrag,all,,,,,,1 I generate volume along line 1 ("swp-arcl") 
vmesh, all 
cm, atopweld, area 
cm, vtopweld, volume 

/com support ring elements 
Slsel,none 

asel,none 
vsel,none 
type, 16 
mat,l

I
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a,120,121,122,123 
lsel,r,loc,z,Lring I select upper radial line 
lesize,all,,,2,(T_ring-.40)/.40 ! 2 divisions, gen node at shield plug chamfer 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,L_ring-Hring ! select lower radial line 
lesize,all,,,2,.40/(T_ring-.40) ! 2 divisions, gen node at shield plug chamfer 
lsla,s I lines contained in above areas 
vdrag,all,,,,,,l I generate volume along line 1 ("swparcl") 
esize,Hring/2 I 2 elements thru plate height 
vmesh,all 
cm, asupring, area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real, 21 
mat,l 
larc,131,132,130,Rlug 
a,70,71,122,121,131,1 3 2 ,1 3 3 

cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,Lotc 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,a_gross,athru 
amesh,all 
csysl 
esel,s, type,,21 
allsel,below, elem 
*get,maxnode,node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen, 2,maxnode,all 
csys,0 
esel,s,type,,ll,21,10 
allsel,below,elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg,node

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel, s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nummrg, node upper shell to weld to outer top 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, s, type,,ll,13,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l

0
AIZ-1 oTrAIU-]UI I-AUI=:
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nsel,r,loc,z,Litc-.01,Litc+.01 
nummrg,node ! weld of inner cover plate to shell

esel,s,type,,ll,16,5 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-.01,L-ring+.0l 
nummrg,node ! upp•er (continuous) weld of support ring

nsel,s,loc, y,0,90/26 
nsel,a,loc,y,5.9*90/26,7.1*90/26 
nsel,aloc,y, 11.9*90/26,13.1*90/26 
nsel,a,loc,y, 18.9*90/26,20.1*90/26 
nsel,a,loc,y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-Hring-.01,Lring-Hring+.0l 
nummrg,node lower (intermittent) weld of support ring 

csys,0 cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model

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

*do, i,11,16,1 
/gopr 

esel,s,type,,i 
nsle 
nummrg,node 

*enddo

esel,s,type,,21 
nsle 
nummrg, node 
allsel

get maximum node number 
reflect all nodes 
reflect all elements

I merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

/com define contact elements 
/com top end plates

!esel, s, type,,ll 
!nsle 
!cm, contll,node 

esel,s,type,,12 
nsle 
cm, contl2,node 

esel,s,type,,13 
nsle 
cm, contl3,node

nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate

csys,l ! cylindrical coordinates 
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r,loc,x,IR-T_ring+.l,IR-.l 
cm, contl6,node I nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,L ring-.01,Lring+.01 
nsel,r,loc,x,IR-T ring-.l,IR-T_ring+.l 
cm,contl6l,node ! nodes of support ring at inner radius

!

! ! 
! 
!
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csys,0 cartesian coordinates 

cmsel, s,contl3 
nsel,r,loc,z,L itc-.01,L itc+.01 
cm,targl3l2,node inner top cover plate top surface nodes 

csys,l I cylindrical coordinates 

esel, s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.01 
nsel,r,loc,x, 10.5*IR/12,IR+.l 
cm, targl413,node top shield plug top surface nodes 

!esel, s,type,,14 
!nsle 
!nsel,r,loc,x,IR-.01,IR+.Ol 
!cm,targl4ll,node top shield plug circumferential nodes 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.01 
nsel,r,loc,x,10.5*IR/12,IR+.l mesh dependent 
cm, targl4l6,node I support ring inner top surface nodes 

csys,0 I cartesian coordinates 

allsel 
type,20 
real,201 
gcgen,contl2,targl3l2,1 I generate contact elem btwn inner & outer plates 
real,202 
gcgen,contl3,targl4l3,1 generate contact elem btwn plug & inner plate 

real,203 
gcgen,contll,targl4ll,l I generate contact elem btwn plug and shell 

real, 204 
gcgen,contl6,targl4l6,1 ! gen contact elem btwn support ring & plug (outer) 
gcgen, contl61,targl416,1 I gen contact elem btwn support ring & plug (inner) 

/com Define soft springs to stabilize shield plug (connect to support ring) 
/com Valid for thermal + pressure 
allsel 
esel,s,type,,14 
nsle 
nodeli=node(IR, 0,Lring) 
node2i=node (-IR, 0,L_ring) 
esel,s,type, ,16 
nsle 
nodelj=node(IR,0,Lring) 
node2j=node(-IR,0,Lring) 
type, 22 
real,22 
nsel,all 
e, nodeli,nodelj 
e,node2i,node2j 

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

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

I REVISION:
I PA :

0
A

Al Z-VI OT" Al &-I ý



- TRANSNUCLEAR, INC.  
TN WEST

(r 'ROJECT NO: J _CALCULATION NO:
SCE-OI
SCE-01 .0204

I REVISIUN: U
I - - -- --- �--.�-- -

I PAGE:

allsel

!nsel,sloc,x,-.01,.01 
!d,all,ux,0 
!allsel

! symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsels,loc,z,H_dsc/2 I shell now ends at mid-height 
d, all,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 support ring for stability (one locations) 
/com ********* valid only for temp & internal pressure loading ********** 

esel, s,type,,14,16,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,0,.01 
nsel,r,loc,z,Lring-.01,Lring+.0l 
cp, next,ux,all 

vclear, 12 
esel,s,type,,14 
edele, all 
esel,s,type,,20 
edele,all 
esel, s,type,,22 
edele,all 
alls 

allsel 

save 

fini 

/solution 

/com analysis parameters 
antype, static 
nropt,auto 
neqit,50 
pred, on 
autots,on 
!nlgeom 
eqslv,pcg, le-7 

/com 24P-FO DSC (Top End) Nonlinear Pressure Start, 1 psi 
/title, 24P-FO DSC (Top End) Nonlinear Pressure Start, 1 psi 
nsubst, 1,8 

csysl I cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,L_tplug+.0l 
nsel,r, loc,x,0,IR+.01 
sf,all,pres,l 1 psi 
nsle 
nsel,r,loc,z,L tplug-.01,L itc+.0l 
nsel,r,loc,x,IR-.01,IR+.0l 
sf, all,pres, 1

I
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!esel,s,type,,14 
!nsle 
!nsel,r,loc,z,Ltplug-.01,L tplug+.Ol 
!sf,all,pres,.001l Stability pressure for shield plug 

allsel 
csys,0

lswrite ! end of load step 1

save 

solve 
save

/com Temp Case 8, 100 deg Ambient + 10 psi 
/title, 24P-FO DSC (Top End) Temp Case 8, 100 deg 
nsubst, 5,20

Ambient + 10 psi

r,201,1E6,1e6/100,,, 5 
r,202, 1E6, 1e6/100 
r,204,1E6,1e6/100

norm/tan stiffness 
norm/tan stiffness 
norm/tan stiffness

of gap 
of gap 
of gap

elem btwn inner & outer plates 
elem btwn plug & inner plate 
elem btwn support ring & plug

csysl cylindrical coordinates 
esel,s,type,,1l,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,Ltplug+.O1 
nsel, r, loc,x,0,IR+.01 
sf,all,pres,10 1 10 psi 
nsle 
nsel,r,loc,z,L_tplug-.01,L-itc+.01 
nsel,r,loc,x,IR-.0l,IR+.0l 
sf,all,pres,10

/com Define temps for DSC shell in 
esel, s,type,,l1 
nsle 
nsel,r,loc,z,15.5,159.5 
*get,totnode,node,,count 
*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 

yt=(180-ytdeg)*3.14156/180 
ntemp=-60.05*yt+439.5 
bf,tnode,temp,ntemp 
nsel,u,node,,tnode 

*enddo

active fuel region

/com Define temps for DSC shell above active fuel region 
esel,s,type,,1l 
nsle 
nsel,r,loc,z,159.5,186.17 
*get,totnode, node,,count 
*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 

yt=(180-ytdeg)*3.14156/180 
ntemp=-4.666*zt+.854*yt*zt-196.3*yt+1184

C

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

*enddo 

/com Define temps for DSC Support Ring 
esel,s,type,,16 
nsle 
*get,totnodenode,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode,loc,x 
*get, ytdeg,node, tnode, loc,y 
*get, ztnodetnode,loc, z 
yt=(180-ytdeg)*3.14156/180 
ntemp=-4.666*zt+.854*yt*zt-196.3*yt+1184 
bf,tnode,temp,ntemp 
nselu,node,,tnode 

*enddo 

/com Define temps for Top Shield Plug, Inner & Outer Cover Plates, and Weld 

esel,s,type,,12,15,1 
nsle 
*get,totnode,node,,count 
*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 

yt=(180-ytdeg)*3.14156/180 
ntempl=-.1077*zt*xt+.0258

8 *yt*zt*xt 
ntemp2=-5.948*yt*xt+19.48*xt-l.113*zt+541.1 
ntemp=ntempl+ntemp2 
bf, tnode, temp,ntemp 
nsel,u,node,,tnode 

*enddo 

allsel 
csys,0 

lswrite ! end of load step 2 
save 

solve 
save 

/com Temp Case 15, -40 deg Ambient + 10 psi 
/title, 24P-FO DSC (Top End) Temp Case 15, -40 deg Ambient + 10 psi 

nsubst,5,20 
csysl 

/com read input from thermal results file 
ldread,temp,l,,,,t24therm,rth,d:\fo-dsc\newansys\top\ 

allsel 
csys,0 

lswrite I end of load step 3 
save

solve 
save

I
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/com Temp Case 16, 104 deg Ambient + 10 psi 
/title, 24P-FO DSC (Top End) Temp Case 16, 104 deg Ambient + 10 psi 
nsubst,5,20 
csysl 

/com read input from thermal results file 
ldread, temp, 2,,,, t24therm, rth,d:\fo-dsc\newansys\top\ 

allsel 
csys, 0 

lswrite end of load step 4 
save 

solve 
save 

fini 

/exit 

/eof

a
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PT24PTP2.inp 

/batch, list 
/comr 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 

/com thermal + pressure loads 
resume, t24ptp2,db 
/postl 
file,t24ptp2,rst 

/com element plots 
/show,pt24ptp2,pic,l I plot to file 
/triad,lbot , triad in lower left corner 
/devicevector,l vector plots 
/num,2 I numbers, no colors 
/vup,l,-x x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot ! plot elements 
/zoom,l,rect,0.03,0.75,0.94,-0.

7 9 

/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,1 
rsys,l 

*do,iset,2,5 define steps to postprocess 

/go 
set, iset 

/com DSC Upper Shell Postl Results 
esel,stype,,ll 
nsle 
nsel,r,loc,x,OR-.0l,OR+.01 
nsel,r,loc, z, L_ring-Hring-5,H Hdsc-.7 
cm, outer,node outer surface nodes 
nsle 
nsel,rloc,x,IR-.01,IR+.01 
nsel,r, loc, z, L_ring-Hring-5,H dsc-.7 
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, loc,x 
*get, yt,node, inode, loc, y 
*get,ztnode,inode,loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR,yt,zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r,type,,ll 
nsle 
nlist,inode, onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inne'r 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,0,180,90/26 sections at 3.46 degree intervals 
esel, s,type,,ll 
nsle 
nsel, r, loc, y, theta-l,theta+l 
esln 
esel, r, type, ,ll 
nsle 
*do,ix,IR+.21,OR-.19,0R-.19-(IR+.21) 

inode=node(IR,theta,L_otc-T_tw) 
onode=node(ix, theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
*do,iz,L otc-.47/2,L otc-.47,-.47/2 

inode=node(IR,theta,L_otc-T_tw) 
onode=node(OR, theta,iz) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
/comr 
/com shell at mid-height 

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

*enddo ! theta loop

/com DSC Outer Top Cover Plate Postl Results--------
esel,s,type,,12 
nsle 
nsel,r,loc,z,L otc-.01,L otc+.Ol 
nsel, r, loc,x,0,IR-0.8 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,z,L itc-.01,L itc+.0l 
nsel,r, loc,x,0,IR-0.4 
cm, reminner,node inner surface nodes 
*gettotnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(O,0,L itc) 
*get,xt,node, inode, loc,x 
*get,yt,node,inode, loc, y 
*get, zt,node,inode, loc, z 
cmsel,s,outer I select outer surface nc 
onode=node(xt,yt, L_otc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,,12 
nsle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner, node 

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

odes

surface nodes

--------------------------
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*do,theta,0,180,90/26 sec 
esel,s,type,,12 
nsle 
nsel,r, loc, y, theta-l,theta+l 
esln 
esel, r, type, ,12 
nsle 

inode=node(IR-.22,theta, 185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist, inode,onode,onode-inode 
ipath, inode, onode 
prsect 

*enddo I the

"tions at 3.46 degree intervals

ta loop

/com DSC Outer Top Cover Plate Weld Postl Results *do,theta,0,180,90/26 I sections at 3.46 degree intervals 
esel, s,type,,15 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r, type,,15 
nsle 
*do,ix,IR-.49,IR+.21, (.49+.21)/2 

inode=node(IR,theta,L otc-Ttw) 
onode=node(ix, theta, L-otc) 
nlist,inode, onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
*enddo theta loop

/com DSC Inner Top Cover Plate Postl 
esel, s, type,,13 
nsle 
nsel,r,loc,z,Litc-.01,Litc+.0l 
cm,outer,node outer 
nsle 
nsel,r,loc,z,Ltplug-.01,L-tplug+.ol 
cm, reminner, node I inner 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0, Ltplug) 
*get,xt,node, inode, loc,x 
*get,yt,node, inode, loc, y 
*get, zt,node,'inode, loc, z 
cmsels,outer select 
onode=node(xt,yt, L itc) 
nsel, s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r, type,,13 
nsle 
nlist,inode,onode, onode-inode 
ipath, inode, onode 
prsect 
cmsel,s,reminner I select 
nsel,u,node,,inode unsele 
cm, reminner, node

Results 

surface nodes 

surface nodes

outer surface nodes 

remaining inner surface nodes 
ct ipath nodes

I,

I A^-M A4r) 4• •€ A4• 4J'•
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*enddo 

/com DSC Top Shield Plug Postl Results-----------------------------------------
esel, s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,L-tplug+.01 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.0l 
cm, reminner,node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node (00,,L_ring) 
*get,xt,node, inode, loc,x 
*get,yt,node, inode, loc, y 
*get, zt,node, inode, loc, z 
cmsel,s,outer I select outer surface nodes 
onode=node(xt,yt, L_tplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln I select elem attached to nodes twice to capture 3 thru thickness 
esel, r, type,,14 
nsle 
nlist,inode,onode,onode-inode 

PM- ipath, inode,onode 
prsect 
cmsel,s,reminner t select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Support Ring Postl Results------------------------------------
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-H_ring-.01,Lring-Hring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,O,L ring-Hring) 
*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_ring) 
nsel,s,node,,inode 
nsel, a,node,,onode 
esln 
esel, r, type,,16 
nsle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo
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/com Nodal Forces for Weld of Outer Top Cover Plate---------------------------
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-Ttw-.01,L otc-T tw+.O1 
spoint,,.01,01,0 T summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate---------------------------
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x, IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,L itc+.Ol 
spoint,,.01,.O0,O - summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring-------------------------------------
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L_ring-.01,L_ring+.Ol 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

- /com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc,z,L_ring-H_ring-.l,Lring-Hring+.l 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height---------------------------------------
nsel,s,loc,z,H dsc/2-.l,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,,0 ! plot to file 

/dscale,,auto I displacement scale 

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 I plot stress intensity 
/zoom,l,rect,-0.02,0.60,0.93,-0.86 
/auto,l I zoom - fit 

S/view,,-0.2,-0.8,-0.5 
"/replot 
/zoom,l,rect,0.03,0.75,0.94,-0.79
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! zoom - fit

/dscale,, 1 ! displacement scale

/com shell elements 
esel,s,type,,ll 
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,,12 
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 weld elements 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,13 
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,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! end load step loop

exit,nosave 

/eof

I
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ANSYS Analysis Run Summary and Input Listings for 
T24PTP3
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PTP3 (anal• 

Date/Time: 6/19/00 8:37 A 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC S" 

Loads Considered: Thermal cases 

Analysis Type: *Static 

Materials: *Linear 

Geometry: *Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

ysis) (1)

M

PT24PTP3 ( postprocessing) (1)

6/19/00 9:05 AM

r. 4.0

I 450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and top end components

internal pressure (2)

•Thermal 

Non-Linear 

Non-Linear

Other:

Contac49: 3-D point to surface contact 

Combinl4: 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: _________ 

Date: 6// 9/dOChecked By:

Run By:



TRANSNUCLEAR, INC.  TN WVEST

'PROJECT NO:
,CALCULATION NO:

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

0
A13-3 of A13-17

T24PTP3.inp 

/batch, list 
/filname,t24ptp3 
/title,24P-FO DSC Shell Assembly (Top End, 180 degree Model) 
/config,ncont,1200 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et, ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16,solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
r,201,lES, le6/l00,, 
r,202,1E6,1e7/100 
!r,203,1.OE+07 
r,204,1E5,1e6/100 
keyopt,20,7,1 

et,21,shell63 
r,21,0.75/2 

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

5!
3-D point to surface contact elements 
norm/tan stiffness of gap elem btwn inner & outer plates 
norm/tan stiffness of gap elem btwn plug & inner plate 
normal stiffness of gap elem btwn plug and shell 
norm/tan stiffness of gap elem btwn support ring & plug 
keyopt (7)=l

* Elastic Shell - Lifting Lugs 
* half-thickness of lug 

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

tref, 70

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
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+06,25.8E+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,l,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, 2,490/1728 
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 ! cartesian coordinates

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
Hdsc=186.17 

T otc=1.3125 
T itc=l.25 
T tplug=7.625 
T tw=.50 

H_ring=2.00 
T ring=0.75

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

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.) 

I height of support ring 
thickness of support ring

-I.
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L otc=H dsc-0.12 outer top cover plate location (top surface) 
L itc=L--otc-T otc ! inner top cover plate location (top surface) 
L-tplug=L itc-T itc ! top shield plug location (top surface) 
L ring=Lktplug-TFtplug support ring location (top surface) 
L-lug=Lring-H-ring-0.75 lug location (top interface with shell) 

B_lug=3.25 base height of the lifting lug 
H_lug=4.13 radial height of the lifting lug 
R_lug=l.75 radius of lug curvature 
R thru=l.38/2 radius of lug thru hole 

/com lower shell keypoints 
k,l,OR ! shell outer bottom 
k,2,IR I shell inner bottom 
k,6,IR,,Hdsc/2 I mid-heght of DSC 
k,7,OR,,Hdsc/2 I mid-heght of DSC 

/com upper shell keypoints 
k,70,IR,,Llug-B lug bottom base of the lifting lug 
k,71,IR,,Llug I top base of the lifting lug 
k,72,IR,,Lring-H_ring I bottom of the support ring 
k,73,IR,,Lring I top of the support ring 
k,74,IR,,Litc top of the inner top cover plate 
k,75,IR,,L otc-T tw I root of outer top cover plate weld 
k,76,IR+O.21,,Lotc I shell inner top 
k,77,OR-0.19,,L otc I shell outer top 
k,78,OR,,Hdsc-O.59 I upper chamfer 
k,79,OR,,Litc I line up with KP74 
k,80,OR,,L_ring I line up with KP73 
k,81,OR,,Lring-H_ring line up with KP72 
k,82,OR,,L_lug I line up with KP71 
k,83,OR,,Llug-B_lug line up with KP70 

/com outer top cover plate keypoints 
k,90,IR,,L otc 1 weld at inner radius of DSC 
k,91,IR-0.49,,Lotc I weld interface at top surface 
k,92,IR-0.9,,L otc 
k,93,0,,L otc I center of top surface 
k,95,0,,L-itc I center of bottom surface 
k,96,IR-.Z4,,L itc I outer radius (chamfer)at bottom surface 

/com inner top cover plate keypoints 
k,10lO,,L itc I center of top surface 
k,102,0,,L tplug I center of bottom surface 
k,103,IR,,L_tplug I outer radius at bottom surface 
k,104,IR-.44,,L itc I radius at top cover plate contact 
k,105,IR-.44,,L-tplug line up with KP104 

/com top shield plug keypoints 
k,lI0,IR,,L tplug I outer radius at top surface 
k,l1l,0,,Ltplug I center at top surface 
k,112,0,,Lring I center at bottom surface 
k,ll3,IR,,L_ring I outer radius at bottom surface 

/com support ring keypoints 
k,120,IR,,L ring I outer radius at top surface 
k,121,IR-Tring,,L_ring ! inner radius at top surface 
k,122,IR-Tring,,L_ring-H_ring I inner radius at bottom surface 
k,123,IR,,L_ring-H_ring I outer radius at bottom surface 

I /com lifting lug keypoints 
I k,130,IR-Hlug+Rlug,,L_ring-R_lug 
I k,131,IR-Hlug+Rlug,,L_ring
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k,132,IR-Hlug+(l-.707)*Rlug 
k,132,IR-Hlug+(l-.707)*R lug,,Lring-R_lug-.707*Rlug 
k,133, IR-0.6,,L_lug-Blug 

klist 

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

/com define arcs to sweep vo 
isel,none 
k,200,0,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,Hdsc/2 
larc, 201,202,200,IR-5 
cm, swparcl,line 
lesize,swp_arcl,,,26,1 

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

/com upper shell elements 
lsel,none 
asel,none 
vsel, none 
type, ll 

/ mat,l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73,80,81 
a, 73,74,79,80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r, loc,x, IR+0.01,OR-0.01 
llist 
lesize,all, , ,2 
ksel,s,, ,6,70,64 
lslk, s,l 
lesize,all,2.31,,,i/6.4 
ksel,s,, ,7,83,76 
lslk, s,l 
lesize,all,2.31,, ,6.4 
vdrag,all,,,,,,l 
esize,0.75 
vmesh,all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,12 
mat, l 
a, 91, 92,96,75 
lsel,r,loc,x,IR-0.9,IR I sele 
llist 
lesize,all,,,2 I 2 di'

lumes and lines 

26 divisions on "swp_arcl" 

12 divisions on "swparc2" 

I select lines for dividing

visions thru shell thickness 
ct central shell line (inner) 
s containing selected keypoints 
S0.625" element size 
ct central shell line (outer) 
s containing selected keypoints 
to 4" element size 

rate volume along line 1 ("swparcl") 
"element height for unmeshed lines 

ct lines for dividing 

visions for selected lines
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vdrag,all,,,,,,l generate volume along line 1 ("swp_arcl") 
v,92,kp(0,IR-0.9,Lotc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 !,select centerline 
lslk,s,l lines containing selected keypoints 
lesize,all,,,2 2 divisions thru plate thickness 
vmesh,all 
cm, aouttop, area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,13 
mat, l 
ksel,s,kp,,74 
ksel,a, kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swp_arcl") 
v,104,kp(O,IR-.44,Litc),101,101,105,kp(0,IR-.44,Ltplug),102,102 
esize,T itc/2 2 elements thru plate 
vmesh, afl 
cm, aintop, area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel, none 
type,14 
mat,2 
ksel,s,kp,,l10,113,1 
ldrag,ll0,113,,,,,2 ! generate lines along line 2 ("swparc2") 
v,ll0,kp(0,IR,L tplug),lll,lll,113,kp(0,IR,L_ring),112,112 
esize,Ttplug/3 3 elements thru plate 
vmesh,all 
cm, atopplug, area 
cm, vtopplug,volume 
ksel,all 

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat,l 
a,76, 91,75,75 
lsel,r,loc,z,L otc 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,l I generate volume along line 1 ("swparcl") 
vmesh,all 
cm, atopweld, area 
cm, vtopweld, volume 

/com support ring elements ( ilselnone 
asel,none 
vsel,none 
type,16 
mat, l
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a,120,121,122,123 
lsel,r,loc,z,Lring I select upper radial line 
lesize,all,,,2, (Tring-.40)/.40 ! 2 divisions, gen node at shield plug chamfer 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,L_ring-Hring ! select lower radial line 
lesize,all,,,2,.40/(Tring-.40) ! 2 divisions, gen node at shield plug chamfer 
lsla,s I lines contained in above areas 
vdrag,all,,,,,,l I generate volume along line 1 ("swp-arcl") 
esize,H_ring/2 2 elements thru plate height 
vmesh, all 
cm, asupring, area 
cm, vsupring,volume

/com lifting lug elements 
Isel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat,l 
larc,131,132,130,Rlug 
a,70,71,122,121,131,132,133 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,L -otc 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,agross,a_thru 
amesh,all 
csysl 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode,node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen, 2,maxnode,all 
csys,0 
esel,s,type,,11,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg,node

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel

/com merge nodes for material continuity

esel,s,type,,l1,12,1 
esel,a, type,,15 
nsle 
nummrg, node ! upper shell to weld to outer top 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, s,type,,11,13,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.01

7
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nsel,r,loc,z,Litc-.01,Litc+.0l 
nummrg, node weld of inner cover plate to shell 

esel,s,type,,ll,16,5 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-.01,Lring+.0l 
nummrg,node upper (continuous) weld of support ring 

nsel,s,loc,y,0,90/26 
nsel,a,loc,y,5.9*90/26,7.1*90/26 
nsel,a, loc,y, 11.9*90/26,13.1*90/26 
nsel,a,loc,y,18.9*90/26,20.1*90/26 
nsel,a,loc,y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-Hring-.01,Lring-Hring+.01 
nummrg,node ! lower (intermittent) weld of support ring

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,11,16,1 
/gopr 
esel, s,type,,i 
nsle 
nummrg,node 

*enddo 

esel,s,type,,21 
nsle 

I nummrg,node 
allsel 

/com define contact elements 
/com top end plates

!esel,s,type,,ll 
!nsle 
!cm, contll,node 

esel,s,type,,12 
nsle 
cm, contl2,node 

esel, s, type,,13 
nsle 
cm, contl3,node

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

I nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate

csys,l ! cylindrical coordinates 
esels,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel, r, loc,x, IR-Tring+.l, IR-.l 
cm,contl6,node ! nodes of support ring at 
nsle 
nsel,r,loc,z,Lring-.01,L ring+.01 
nsel,r,loc,x, IR-Tring-.l, IR-T_ring+.l 
cm,contl6l,node ! nodes of support ring at

plug chamfer 

inner radius
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csys,0 I cartesian coordinates 

cmsel,s,contl3 
nsel,r,loc,z,L itc-.01,L itc+.0l 
cm,targl312,node - inner top cover plate top surface nodes 

csys,l cylindrical coordinates 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.Ol 
nsel,r, loc,x,10.5*IR/12,IR+.l 
cm,targl4l3,node top shield plug top surface nodes 

!esel, s,type,,14 
!nsle 
!nsel,r,loc,x,IR-.01,IR+.0l 
!cm,targl4ll,node I top shield plug circumferential nodes 

esel,s,type,,14 
nsle 
nsel,r,loc, z,L_ring-.01,L ring+.01 
nsel,r,loc,x,10.5*IR/12,IR+.l I mesh dependent 
cm,targl4l6,node I support ring inner top surface nodes 

csys,0 I cartesian coordinates 

allsel 
type,20 
real, 201 
gcgen,contl2,targl3l2,1 I generate contact elem btwn inner & outer plates 
real,202 
gcgen,contl3,targl4l3,1 I generate contact elem btwn plug & inner plate 

real, 203 
gcgen,contll,targl4ll,l I generate contact elem btwn plug and shell 

real, 204 
gcgen,contl6,targl4l6,1 I gen contact elem btwn support ring & plug (outer) 
gcgen,contl6l,targl4l6,1 gen contact elem btwn support ring & plug (inner) 

/com Define soft springs to stabilize shield plug (connect to support ring) 
/com Valid for thermal + pressure 
allsel 
esel,s,type,,14 
nsle 
nodeli=node(IR,0,L ring) 
node2i=node(-IR, 0,L_ring) 
esel,s,type,,16 
nsle 
nodelj=node(IR, 0,Lring) 
node2j=node(-IR,0,Lring) 
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,.0l 
d,all,uy, 0 symmetry about x-z plane

I
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allsel

!nsel,sloc,x,-.0l,.Ol 
!d,all,ux,0 
!allsel

! symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 shell now ends at mid-height 
d, all,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 support ring for stability (one locations) 
/com ********* valid only for temp & internal pressure loading ********** 

esel,s,type,,14,16,2 
nsle 
nsel, r, loc,x, IR-.0l,IR+.0l 
nsel,r,loc,y,0,.01 
nsel,r,loc,z,Lring-.01,Lring+.0l 
cp,next,ux, all 

allsel 

vclear, 12 
esel,s,type,,14 
edele, all 
esel,s,type,,20 
edele, all 
esel,s,type,,22 
edele,all 
alls 

save 

fini 

/solution 

/com analysis parameters 
antype,static 
nropt,auto 
neqit,50 
pred, on 
autots,on 
!nlgeom 
eqslv, pcg, le-7 

/com 24P-FO DSC (Top End) Nonlinear Pressure Start, 1 psi 
/title, 24P-S DSC (Top End) Nonlinear Pressure Start, 1 psi 
nsubst,1,8 

!csysl I cylindrical coordinates 
!esel,s,type,,ll,13,2 
!nsle 
!nsel,r,loc,z,Hdsc/2, L_tplug+.01 
!nsel,r, loc,x,0,IR+.0l 
!sf,all,pres,1 I 1 psi 
!nsle 
!nsel,r,loc,z,Ltplug-.01,L itc+.0l 
!nsel,r,loc,x,IR-.0l,IR+.01
!sf, all,pres, 1

I

U
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!esel, s,type,,14 
!nsle 
!nsel,r,loc,z,Ltplug-.01,L_tplug+.01 
!sf,all,pres,.001. Stability pressure for shield plug 

allsel 
csys,0 

!lswrite ! end of load step 1

save 

!solve 
save

r,201,lE6,1e6/100,,, 5 
r,202,lE6,1e7/100 
r,204,lE6,le6/100

I norm/tan stiffness 
norm/tan stiffness 
norm/tan stiffness

of gap elem btwn inner & outer plates 
of gap elem btwn plug & inner plate 
of gap elem btwn support ring & plug

/com Temperature Case 26, 117 deg Ambient + 10 psi 
/title, 24P-FO DSC (Top End) Temp Case 26, 117 deg Ambient + 10 psi 
nsubst,2,10 
csys,l 

csys,l cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,L-tplug+.0l 
nsel,r, loc,x,0,IR+.0l 
sfall,pres,10 I 10 psi 
nsle 
nsel,r,loc,z,L_tplug-.01,L itc+.01 
nsel,r,loc,x,IR-.01,IR+.0l 
sf,all,pres, 10 
alls 

/com read input from thermal results file 
ldread, temp 3,,,, t24therm, rth, d:\fo-dsc\newansys\top\ 

allsel 
csys,0 

lswrite I end of load step 3 
save 

solve 

save 

fini 

/exit

/eof

REVISION: 0
1PAGE: Al 3-1 1 0o" Al 3-17/
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PT24PTP3.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com thermal + pressure loads 
resume,t24ptp3,db 
/postl 
file,t24ptp3,rst 

/com element plots--------------------------------------------------------------
/show,pt24ptp3,pic,l 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 I plot elements 
/zoom,l,rect,0.03,0.75,0.94,-0.79 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,l 

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

/com DSC Upper Shell Postl Results---------------------------------------------
esel,s,type,,ll 
nsle 
nsel,r,loc,x,OR-.0l,OR+.0l 
nsel,r, loc, z, L_ring-Hring-5,H dsc-.7 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-H_ring-5,Hdsc-.7 
cm, reminner,node I 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, inode, loc,y 
*get, zt,node, inode, loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR, yt,zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r, type,,ll 
nsle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

S*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,,ll 
nsle 
nsel,r, loc, y, theta-l,theta+l 
esln 
esel, r, type,,ll 
nsle 
*do,ix, IR+.21,OR-.19,OR-.19-(IR+.21) 

inode=node(IR,theta,L_otc-T_tw) 
onode=node(ix,theta, L otc) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
*do,iz,L otc-.47/2,L otc-.47,-.47/2 

inode=node(IR,theta,Lotc-Ttw) 
onode=node(OR, theta, iz) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
/com 
/com shell at mid-height 

inode=node(IR, theta,H_dsc/2) 
onode=node(OR, theta, H dsc/2) 
nlist, inode, onode, onode-inode 
ipath, inode,onode 
prsect 

*enddo I theta loop

/com DSC Outer Top Cover Plate Postl Results--------
esel,s,type,,12 
nsle 
nsel,r,loc,z,L otc-.01,Lotc+.Ol 
nsel,r, loc,x,OIR-0.8 
cm, outer,node I outer surface nodes 
nsle 
nsel,r,loc,z,Litc-.01,Litc+.01 
nsel, r, loc,x,0,IR-0.4 
cm, reminner,node I inner surface nodes 
*get, totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L itc) 
*get,xt,node, inode, loc,x 
*get,yt, node, inode, loc,y 
*get, zt,node, inode, loc, z 
cmsel,s, outer I select outer surface n 
onode=node(xt, yt,L otc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r,type,,12 
nsle 
nlist,inode, onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

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

odes

surface nodes

--------------------------
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*do,theta,0,180,90/26 sec 
esel,s,type,,12 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r,type,,12 
nsle 

inode=node(IR-.22,theta, 185.17) 
onode=node(IR-.70,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode, onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo the

tions at 3.46 degree intervals

ta loop

/com DSC Outer Top Cover Plate Weld Postl Results 
*do,theta,0,180,90/26 sections at 3.46 degree intervals 
esel,s,type,,15 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel, r, type,,15 
nsle 
*do, ix, IR-.49, IR+.21, (.49+.21)/2 

inode=node(IR,theta,L otc-Ttw) 
onode=node(ix, theta,L-otc) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*enddo theta loop

/com DSC Inner Top Cover Plat, 
esel,s,type,,13 
nsle 
nsel,r,loc,z,Litc-.01,Litc+ 
cm, outer,node 
nsle 
nsel,r,loc,z,Ltplug-.01,L_tp 
cm, reminner, node 
*get,totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,Ltplug) 
*get,xt,node,inode, loc,x 
*get,yt,node,inode, loc,y 
*get,zt,node,inode, loc,z 

cmsel,s,outer 
onode=node(xt,yt, L itc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, , 13 
nsle 
nlist,inodeonode, onode-in 
ipath, inode,onode 
prsect 
cmsel,s,reminner 
nsel,u, node,,inode 
cm, reminner, node

Results 

surface nodes 

surface nodes

select outer surface nodes 

ode 

select remaining inner surface nodes 
unselect lpath nodes

ALUA1O O
Al -14 OT A/1 5-1 t---•[
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*enddo 

/com DSC Top Shield Plug Postl Results------------------------------------------
esel,s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.Ol 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Lring-.01,L-ring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,L_ring) 
*get,xt,node, inode,loc,x 
*get,yt,node,inodeloc, y 
*get,zt,node,inode,loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(xt,yt, Ltplug) 
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,,14 
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 

*enddo 

/com DSC Support Ring Postl Results------------------------------------
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.0l 
cm, outernode I outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-Hring-.01,Lring-H_ring+.01 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,Lring-H_ring) 
*get,xt,node, inode, loc,x 
*get,yt,nodeinode,loc,y 
*get,zt,node, inode,loc, z 

cmsel,s,outer ! select outer surface nodes 
onode=node(xt,yt,Lring) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r,type,,16 
nsle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner, node 

*enddo
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/com Nodal Forces for Weld of Outer Top Cover Plate 

esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-T tw-.01,L otc-T tw+.Ol 

spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate---------------------------
/com 
/com top row of nodes (pinned weld) 
esel, s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,L itc+.Ol 
spoint,,.01,.O0,O summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L_ring-.01,L_ring+.Ol 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 
/ com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,xIR-.l,IR+.l 
nsel,r,loc,z,L_ring-Hring-.l,L ring-Hring+.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,H dsc/2-.l,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,,0 plot to file 

/dscale,,auto 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,-0.02,0.60,0.93,-0.86 
/auto,l zoom - fit 
/view,,-0.2,-0.8,-0.5 

/replot 
/zoom,1, rect,0.03, 0.75, 0.941-0.79

I
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! zoom - fit

/dscale,, 1 ! displacement scale

/com shell elements 
esel, s, type, ,ll 
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,,12 
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 weld elements 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,13 
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,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! end load step loop

exit, nosave

/eof

A

'

I

1 PAGE:
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TRANSNUCLEAR, INC.  
TN WEST

PROJECT NO: ( CALCULATION NO:
SCE-01 REVISION:

SCE-01.0204 1 PAGE:
0
A14-1 of A14-9

Appendix A14 

ANSYS Analysis Run Summary and Input Listings for 
QB24PLT



• • TRANSNUCLEAR0 INC.  
TN WEST

PROJECT NO: 
;ALCULATION NO:

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

0
A14-2 of Al 4-9

ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QB24PLT (anal' 

Date/Time: 3/7/00 11:15 P 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC SI 

Loads Considered: Leak test pressL 

Analysis Type: *Static 

Materials: *Linear 

Geometry: *Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

ysis) (')

M

PB24PLT ( postprocessing) (1) 

4/12/00 12:17 AM

r. 4.0

450 MHz

*SOLUTION *POST1 

iell Assembly: Shell and bottom end components

ire and axial load (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.

Date: 6f( /01' 

Date:Checked By:

I.. . . . . . .



- TRANSNUCLEARp INC.  
TN WEST

PROJECT NO:
CALCULATION NO:

SCE-01
SCE-01.0204

I REVISION:
I PAGE:

0
A14-3 of A14-9

QB24PLT.inp 

/batch, list 
/filname,qb24plt 
/title,24P-short DSC (Bottom End, Shell & Inner Cover Only, 90 Degree Model) 
/prep7 

/com shell assembly components 
et,l,solid45 3-D Elastic/Plastic Solid - DSC Lower Shell 
et,4,solid45 3-D Elastic/Plastic Solid - DSC Inner Bottom P1

tref,450 ! maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
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+06,25.8E+06,25.3E+0

6 ! SA-240 Type 316 
nuxy, 1,0.29

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

L_bplug=Tbplug+T_obc ! bottom shield plug location (top surface) 
L ibc=T ibc+T bplug+T_obc ! inner bottom cover plate location (top surface)

ORgr=8.0 
IR_gr=5.0 
T_gr=l. 00 
H_gr=3.75 
T_grs=0.75 
IR grs=OR_gr-T_grs 
OR load=8.74/2

/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 
k,3,IR,,Tbw 
k,4,IR,,Lbplug 
k,5,IR,,L ibc 
k, 6, IR, ,H-dsc/2 
k,7,OR,,H dsc/2 
k,8,OR,, Libc 
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 inner bottom cover plate keypoints 
k,50,IR,,Lbplug 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, IR,, Zibc I outer radius at.top surface 
k,54,IR-0.25,,Lbplug I radius of shield plug contact

I

! ! 
! 
!

! L 
! 
! 
! 
! 
! 
! 
! 
!
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k,55,IR-0.25,,L ibc ! line up with KP54

klist

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

/com define arcs to sweep vo] 
lsel,none 
k,200,0,,Hdsc/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 

isel,none 
k,203,IR-7,,Hdsc/2 
k,204,0,IR-7,Hdsc/2 
larc, 203,204,200,IR-7 
cm, swp arc2,line 
lesize,swparc2, ,,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 
isel,r, loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,,, 2 
ksel,s,,,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 
vdrag,all,,,,,,l 
esize,0.5 
vmesh,all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all

fumes and lines 

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 ("swp-arcl") 
0.5" element height for unmeshed lines

/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,L-bplug),51,51,55,kp(0,IR-0.25,L ibc),52,52 
esize,T ibc/2 2 elements thru plate 
vmesh, ail 
cm, ainbot, area 
cm, vinbot,volume 
ksel,all

! 

! 

I 

! 

I
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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,,l,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,Lbplug-.01,Libc+.0l 
nunnmrg,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 
I /gopr 

esel, s,type,,i 
nsle 
nummrg,node 

*enddo 

/com compress node and eleme] 
numcmp,node 
numcmp, elem 

/com specify symmetric bound 
nsel,s,loc,y,-.01,.0l 
d,all,uy,0 
allsel 

nsel,sloc,x,-.01,.01 
d, all, ux, 0 
allsel

get maximum node number 
reflect all nodes 

I reflect all elements 

merge nodes at line of symmetry (bottom shell components)

nt numbering 

ary conditions 

symmetry about x-z plane 

symmetry about y-z plane (90 degree model only!)

/com end of shell boundary 
nsel,s,loc,z,Hdsc/2 
d, all,uz 
allsel

conditions 
! shell now ends at mid-height

save 

fini 

/solution

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

/com load step 1 - 155k axial + 14.7 psi ext.pressure on shell & inner cover 
/title,24P-s DSC (Bot.End) 155k Axial + 14.7 psi External Pressure 
csysl I cylindrical coordinates 
esel, s, type,,l 
nsle

I.-

I REVISION:
I-.'---

I tAIxr:

0
Al14-0 OT A] 4-V
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nsel,r,.loc,z,L ibc,H dsc/2 shell from inner cover plate and up 
nsel,r,loc,x,OR-.01,OR+.Ol 
sf,all,pres, 14.7 full vacuum pressure 
esel, s,type,,4 
nsle 
nsel,r,loc,z,Lbplug-.l,L-bplug+.Ol ! inner cover plate 
sf,all,pres, 14.7 1 full vacuum pressure 
esel, s, type, , 1 
nsle 
nsel, r, loc, z, 0 
Pload=155000 I total axial load 
Aload=3.14159*((OR-.25)**2-(IR+.21)**2) ! load area at bottom edge of shell 
sf,all,pres,Pload/Aload I axial compression load on shell 
csys,Q I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

fini 

/exit

/eof
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PB24PLT.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, bottom end 
/com leak test 
resume,qb24plt,db 
/postl 
file,qb24plt,rst 

/com element plots 
/show,pb24plt,pic,l plot to file 
/triad,lbot triad in lower corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,.l,z z-axis up 
/view,,-0.2,-0.9,0.3 
/type,l,4 precise hidden 
! esel,u,type,,20 ! unselect contact elements 
eplot plot elements 
/zoom,l,rect,-.40,-.13,.39,-.90 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl cylindrical coordinate system 
dsys,l 
rsys, l 

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

/com DSC Lower Shell Postl Results---------------------------------------------
esels,type,,l 
nsle 
nsel,r, loc,y, 0 
esln 
esel,r, type,,l 
nsle 
/com 
/com shell adjacent to DSC end components 
*do,ix,IR+.21,OR-.25,OR-.25-(IR+.21) 

inode=node(IR, 0,T bw) 
onode=node(ix,0,0) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

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

inode=node(IR, 0,T bw) 
onode=node(OR, 0, iz) 
nlist, inodeonode, onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,Lbplug-7,L ibc+5,.5 

inode=node(IR, 0,iz) 
onode=node(OR, 0, iz) 
*ifonode,eq,node(OR,0,iz-.5),cycle 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
/comr
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/com shell at mid-height 
inode=node(IR, 0,Hdsc/2) 
onode=node(OR,0,Hdsc/2) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

/com DSC Inner Bottom Cover Plate 
esels,type,,4 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type,, 4 
nsle 
*do,ix,O,IR-.25, (IR-.25)/26 

inode=node(ix, 0,L_ibc) 
onode=node(ix,0,L_bplug) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IR,0,L_ibc) 
onode=node(IR, O,Lbplug) 
nlist,inode, onode,onode-inode 
lpath, inode, onode 
prsect

Postl Results

/com Nodal Forces for Weld of Inner Bottom Cover Plate 
/com 
/com bottom row of nodes 
esel, s,type,,4 
nsle 
nsel,rloc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L bplug-.01,L_bplug+.0l 
spoint,,.01,.0,0, 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,L bplug+.l,L-ibc-.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,Libc-.1,L ibc+.l 
spoint,,.01,.O1,O I summation in cylindrical coordinate system 
nlist 
nforce

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

allsel 

/com Stress Plots 
/num, 0 I numbers and colors 

/device,vector,0 raster plots

1.

I

0

I IA"r.qo:: Al 14-00 ' 1O -A
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ernorm, off 
dsys,O 
/show,file,,O plot to file 
! /edge,,l,l0 ! edge plot 

/dscale,,auto I displacement scale 

/com all elements 
! esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.9,0.3 
plnsol,s,int,O I plot stress intensity 
/zoom,l,rect,-.40,-.l 3 ,. 3 9 ,-. 9 0 
/auto,l I zoom - fit 
/view,,-0.2,-0.9,-0.3 
/replot 
/zoom,l,rect,-.40,-.l

3 ,. 3 9 ,-. 9 0 

/auto,l I zoom - fit 

/dscale,,l displacement scale 

/com shell elements 
esel,s,type,,l 
nsle 
/view,,-0.4,-0.9,0.4 
plnsol,s,int,O I plot stress intensity 
/view,,0.9,0.6,0.4 
/replot 

/com inner cover plate elements 
esel,s,type,,4 
nsle 
/view,,-0.2,-0.9,0.4 
plnsol,s,int,O I plot stress intensity 
/view,,0.2,0.9,-0.4 
/replot 

dsys,l 

*enddo I end load step loop 

allsel 

fini 

exit,nosave

I
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QB24PIP (analy 

Date/Time: 4/26/20 6:37 Al 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver 

CPU: Dual Pentium-III 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Internal pressure 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) (1)

A

PB24PIP ( postprocessing) (')

4/22/20 11:13 AM

.4.0 

450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and bottom end components

on inner pressure boundary (2.3)

Thermal 

Non-Linear 

Non-Linear

Other:

Contac49: 3-D point to surface contact

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.  

3. Load Step 5 reverses an earlier "ekill" 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 5 are not used.

Run By: 

r Checked By:

Date: ' /Tiov 

Date: . P

[ .....

h
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QB24PIP.inp 

/batch, list 
/filname, qb24pip 
/title,24P-FO DSC Shell Assembly (Bottom End, 90 Degree Model) 
/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 I 3-D Elastic/Plastic 
et,6,solid45 I 3-D Elastic/Plastic 
et,7,solid45 I 3-D Elastic/Plastic

et, ll,solid45 

et,20,contac49 
r,201,1.OE+06 
r,202,l.0E+06,1E7/100 
r,203,1.0E+06,1E7/l00 
keyopt, 20,7,1

tref, 650

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)=1

! maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 

mptemp, 1,70,200,300,400,500,600 
mptemp, 7,700 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 ! SA-240 Type 316 
mpdata,ex,1,7,24.8E+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 
mptemp, 7,700 
dens,2,490/1728 
mpdata,ex,2,1,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.

7 E+0 6 

mpdata,ex,2,7,25.5E+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=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) 
LCibc=Tibc+Tbplug+Tobc ! inner bottom cover plate location (top surface) 

OR_gr=8.0 outer radius of the grapple ring & support 
IR_gr=5.0 inner radius of the grapple ring 
T_gr=l.00 thickness of the grapple ring

Ci
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H_gr=3.75 
T_grs=0.75 
IRgrs=OR_gr-T_grs 
OR load=8.74/2 

/com lower shell keypoints 
k, l,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,,1Hdsc/2 
k, 8,OR,,L ibc 
k, 9, OR,, L-bplug 
k, l0,OR,,O0.75

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,OR gr outer radius of grapple ring 
k,24,IRgrs inner radius of grapple ring 

k,26,0,OO center at bottom surface 
k,28,0,,Tobc I center at top surface 
k,30,IRgrs,,T obc I line up with KP24 
k,31,OR_gr,,Tobc I line up with KP23 
k,32,IR-0.93,,Tobc I 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,,L_bplug 

/com inner bottom 
k,50,IR,,Lbplug 
k,51,0,,L_bplug 
k,52,0,,Libc 
k,53,IR,,Libc 
k,54,IR-O.25,,L_bp 
k,55,IR-0.25,,Lib

plug keypoints 
outer radius at bottom surface 
center at bottom surface 

I center at top surface 
outer radius at top surface

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

I center radius at top surface 
outer radius at top surface 

lug ! radius of shield plug contact 
9c line up with KP54

/com grapple ring keypoints 
k,60,ORgr,,-H_gr+Tgr 
k,61,OR_gr,,-H_gr+0.75 
k,62,OR_gr-0.25,,-Hgr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IR_gr+0.25,,-Hgr 
k,65,IR_gr,,-H_gr+0.75 
k,66,IR_gr,,-H_gr+Tgr 
k,67,IRgrs,,-H_gr+T_gr 
k,68,IRgrs,,-H_gr+0.75 

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

interface of grapple ring with support 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
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

NO: SCE-01.0204
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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,swp_arcl,,,26,l 

lsel,none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204, 20 0 , IR-7 
cm, swparc2,line 
lesize, swp arc2, ,,12,1 

allsel 

/com lower shell elements 
lsel,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 
isel,r, loc,x, IR+0.01,OR-0.01 

llist 
lesize, all,,, 2 
ksel, s,,,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 
vdrag,all,,,,,,l 
esize,0.5 
vmeshall 
cm, alshell,area 
cm, vlshell,volume 
ksel,all 

/com outer bottom cover plat 
lsel,none 
asel,none 
vsel,none 
type,2 
mat, l 
a,21,22,32,3 
lsel,r, loc,x, IR-l.4,IR 
llist 
lesize,all,,, 2 
lsla,s 
vdrag, all,,,,,,l

26 divisions on "swparcl" 

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 

1 4" to 0.5" element size 
generate volume along line 1 ("swparcl") 
0.5" element height for unmeshed lines 

e elements 

select lines for dividing 

2 divisions for selected lines 
lines contained in above areas 
generate volume along line 1 ("swp-arcl")

vmesh, all 
vsel,none 
lsla, s ! lines contained in above areas 
v,26, 22, kp(0,IR-.4,0) ,kp(0,IR-1.4,0)28,32,kp(0,IR-.

9 3,T-obc) ,kp(0,IR-.93, T-obc) 

ksel,s,,,26,28,2 I select centerline 
lslk,s,l I lines containing selected keypoints 

lesize,all,,,2 I 2 divisions thru plate thickness 
vmesh, all 
vsel,s,type,,2 
cm, aoutbot,area 
cm, voutbot,volume

U
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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(0,IR,T_obc),kp(0,IR,T_obc),42,43,kp(0,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 

/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,L_bplug),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,,,,,,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, 1 
a, 23,60,67,24 
lsel,r,loc,z,-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,Tgrs element height for unmeshed lines 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup, volume

/com grapple ring elements 
lsel,none 
asel,none

a

A1 b-• or A1 b-3 D
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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 
isel,s,loc,z,-H_gr+.l,-Hgr+.7 select lines for dividing 
lesize,all,,,l 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, agraprng, area 
cm, vgraprng,volume 

allsel 

/com merge nodes for material continuity 

esels,type,,1,2,1 
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 

/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 tie together grapple to outer bottom cover 

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,,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 I 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 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 

l nummrg,node 
L *enddo

! esel,s,type,,ll
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nsle 
nummrg, node 

esel,s,type,,20 
I nsle 

nummrg, node 
nummrg,elem

merge nodes at line of symmetry (upper shell) 

merge coincident contact nodes (if any) 
I merge coincident contact elements (if any)

/com define contact elements 
/com bottom end plates

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

esel,stype,,2 
allsel,below,elem 
cm, cont2,node 

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

nodes of lower shell 

nodes of outer bottom cover plate 

nodes of inner bottom cover plate

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

csys, 1

over plate nodes at IR-.25

! cylindrical coordinates

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

allsel,below, elem 
nsel,r,loc,z,Tobc 
cm, targ32,node

bottom shield plug circumferential nodes 

bottom shield plug bottom surface nodes

allsel,below,elem 
nsel,r,loc,z,L_bplug 
nsel,u,loc,x,ll/12*IR+.l,IR+.Ol I unselect outer 
cm,targ34,node ! bottom shield plug

row of contact elements 
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,x,ll/12*IR-.5,IR+.Ol I one outer row of contact elements 

cm,targ34a,node ! bottom shield plug top surface nodes (w/o outer row)

csys, 0 ! cartesian coordinates

allsel 
"type,20 

real,201 
gcgen, contl,targ3l,1 

real,202 
gcgen, cont2,targ32,1 
real, 203 
gcgen, cont4,targ34,1

! generate contact elem btwn plug & shell 

I generate contact elem btwn plug & outer plate 

generate contact elem btwn plug & inner plate

C A 1 rP% ef AI A
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! gen contact btwn plug & inner pl (outer ring)

!/com couple UZ all inner bottom cover plate nodes at radius IR-0.25, at 
!/com surface in contact with bottom shield plug 
!csys,l ! cylindrical coordinates 
!esel,s, type,,4 
!nsle 
!nsel,r,loc,x,IR-.26,IR-.24 
!nsel,r,loc,z,Lbplug 
!cp,next,uz,all 
!csys,0 ! cartesian coordinates 
!allsel 

!/com couple UZ all outer bottom cover plate nodes at radius IR-0.93, at ...  
!/com surface in contact with bottom shield plug 
!csys,l ! cylindrical coordinates

!esel,s, type,,2 
!nsle 
!nsel,r,loc,z,Tobc 
!nsel,r, loc,x, IR-0.94,IR-0.92 
Icp,next,uz,all 
!csys,0 
!allsel

! cartesian coordinates

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

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

nsel,s,loc,x,-.01,.Ol 
d,all,ux,0 
allsel

I symmetry about y-z plane (90 degree model only!)

/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,0,0.1 
nsel,r, loc,y, 0,0.1 
d, all,ux,0 
allsel 

save 

fini 

/solution 

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

Al 5-9 0o" Al 5-16
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/com load step 1 - .0005 psi internal pressure on shell & inner cover plate 

/title,24P-FO DSC (Bottom End) .0005 psi Pressure on Shell & Inner Cover 

nsubst, 1,10 
csys,l cylindrical coordinates 
nsel,s,loc,z,L ibc-.01,Hdsc/2 
nsel,r, loc,x,0,IR+.01 
sf,all,pres,.0005 
csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - 10 psi internal pressure on shell & inner cover plate 

/title,24P-FO DSC (Bottom End) 10 psi Pressure on Shell & Inner Cover 

nsubst,1,20 
r,202,1.OE+07,1E7/100 I norm/tan stiffness of gap elem btwn plug & outer plate 

r,203,1.OE+07,1E7/100 I norm/tan stiffness of gap elem btwn plug & inner plate 

csys,l ! cylindrical coordinates 
nsel,s,loc,z,L ibc-.01,Hdsc/2 
nsel,r, loc,x,0,IR+.0l 
sf, all,pres,10 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 3 - pin outer cover plate weld 
/title,24P-FO DSC (Bot.End) 10 psi on Shell & Inner Cover (Outer Cover Pinned) 

nsubst, 1,20 
esel,s,type,,5 
nsle 
ekill,all , kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
save 

/com load step 4 - 60 psi internal pressure on shell & inner cover plate 

/title,24P-FO DSC (Bot.End) 60 psi on Shell & Inner Cover (Outer Cover Pinned) 

nsubst,1,20 
csys,l I cylindrical coordinates 
nsel,s,loc,z,L ibc-.01,Hdsc/2 
nsel,r, loc,x,0,IR+.01 
sf,all,pres,60 
csys,0 , cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 5 - unpin outer cover plate weld 
S/title,24P-FO DSC (Bot.End) 60 psi Pressure on Shell & Inner Cover 

nsubst,1,20 
ealive,all I unkill weld elements 
lswrite 
save

I.
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solve 

save 

f ini 

/exit 

/eof
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4

PB24PIP.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, bottom end 
/com internal pressure load 
resume,qb24pip,db 
/postl 
file, qb24pip, rst 

/com element plots 
/show,pb24pip,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,l,-x I x-axis down 
/view, ,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 unselect contact elements 
eplot I plot elements 
/zoom,l,rect,-0.890177,0.2 2 0 6 5 2 ,-0. 2 5 4 6 9 2 ,-0. 4 8 3 1 5 2 

/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl 1 cylindrical coordinate system 
dsys,l 
rsys, l 

*do,iset,2,5 I define steps to postprocess 
/go 
set,iset 

/com DSC Lower Shell Postl Results 
esel,s,type,,l 
nsle 
nsel,r, loc, y,0 
esln 
esel, r, type,, 1 
nsle 
/com 
/com shell adjacent to DSC end components 

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

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

inode=node(IR,0,T bw) 
onode=node(OR, 0, iz) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do, iz,L bplug-7,L ibc+5,.5 

inode=node(IR, 0,iz) 
onode=node(OR,0,iz) 
*if,onode, eq,node(OR, 0, iz-.5),cycle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
/com

C

I



TRANSNUCLEAR, INC.  
TN WEST

C• PROJECT NO: 
4 CALCULATION NO:

SCE-Ol

SCE-01 .0204

/com shell at mid-height 
inode=node(IR,0,Hdsc/2) 
onode=node(OR,0,Hdsc/2) 
nlist,inode, onode,onode-inode 
ipath, inode, onode 
prsect

/com DSC Outer Bottom Cover Plate 
esel,s,type,,2 
nsle 
nsel,r, loc, y,0 
esln 
esel,r, type,,2 
nsle 

*do, ix,0,IR-l.4, (IR-1.4)/26 

inode=node(ix,0,T obc) 
onode=node(ix,0,0) 
nlist,inode, onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
inode=node(IR-.46,0,1.19) 
onode=node(IR-.95,0,0) 
nlist,inodeonodeonode-inode 
lpath, inode,onode 
prsect 
inode=node(IR,0,T_bw) 
onode=node(IR-.49,0,0) 
nlist, inode,onode, onode-inode 
lpath, inode, onode 
prsect 

/com DSC Outer Bottom Cover Plate 
esel,stype,,5 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type, , 5 
nsle 
*do,ix,IR-.49,IR+.21,(.49+.21)/2 

inode=node(IR,O,T bw) 
onode=node(ix,0,0) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com DSC Bottom Shield Plug Postl 
esel,s,type,,3 
nsle 
nsel, r, loc,y, 0 
esln 
esel, r, type,, 3 
nsle 

*do, ix,0,IR, IR/12 
inode=node(ix,0,L_bplug) 
onode=node(ix,0,Tobc) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo

Postl Results 

Weld Postl Results 

Results

/com DSC Inner Bottom Cover Plate Postl Results 
esel,s,type,,4

I REVISION:

I AGi.:
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nsle 
nsel,r, loc,y,0 
esln 
esel,r, type,,4 
nsle 
*do,ix,0,IR-.25,(IR-.25)/26 

inode=node(ix,0,L_ibc) 
onode=node(ix,0,L_bplug) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
inode=node(IR,0,L_ibc) 
onode=node(IR, 0,L_bplug) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

/com DSC Grapple Ring Support Postl Results 
esel,s,type,,6 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type, , 6 
nsle 
*do,iz, 0, -H_gr+T_gr,(-H_gr+Tgr)/4 

inode=node(IRgrs,0,iz) 
onode=node (OR gr, 0, iz) 

pp nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 

/com DSC Grapple Ring Postl Results 

esel,s,type,,7 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r,type,,7 
nsle 
*do,ix,IR_grs-.125,5.

7 9 , (5.79-(IRgrs-.125))/2 
inode=node(ix,0,-Hgr+T_gr) 
onode=node(ix,0,-Hgr) 
nlist, inode, onode,onode-inode 
ipath, inode, onode 
prsect 

*enddo 
inode=node(IR-gr,O,-H_gr+T_gr) 
onode=node(IRgr+.25,0,-H_gr) 
nlist, inode, onode,onode-inode 
lpath, inode,onode 
prsect 

/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+.Ol S.- 
nsel,r,loc,z,L bplug-.01,L bplug+.0l 
spoint,,.01,.0,0- summation in cylindrical coordinate system 

nlist 
nforce 
/com

I
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/com mid row of nodes 
nsle 
nsel,r, loc,x, IR-.l,IR+.l 
nsel,r,loc,z,Lbplug+.l,L-ibc-.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,L ibc-.l,L ibc+.l 
spoint,,.01,.O',O 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+.Ol 
nsel,r,loc,z,Tbw-.01,Tbw+.Ol 
spoint,,.01,.0,0, summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,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 I plot to file 
! /edge,,l,10 ! edge plot 

/dscale,,auto I displacement scale 

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/zoom,l,rect,-0.890,0.221,-

0 . 2 5 5 ,-0. 4 8 3 

/auto,l I zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.982,0.517,-0.

3 2 7 ,- 0 . 3 7 3 

/auto,l I zoom - fit 

/dscale,,l I displacement scale 

/com shell elements 
esel,s,type,,l 
nsle 
/view,,-0.2,-0.8,-0.5 C plnsol,s,int, 0 plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot

/com outer cover plate elements

I
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esel,s,type,,2 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot 
/view,,0.2,0.8,0.5 
/replot 

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

/com inner cover plate elements 
esel, s, type, , 4 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O plo1 

/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,int,O I 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 I plo 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

stress intensity 

s 

stress intensity 

stress intensity 

t stress intensity 

t stress intensity 

t stress intensity

! end load step loop

exit,nosave

.,- -4
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ANSYS Analysis Run Summary and Input Listings for 
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I



TRANSNUCLEAR, INC.  
TN WEST

( PROJECT NO: A CALCULATION NO:
SCE-Ol
SCE-01 .0204

ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QB24PFL (analI 

Date/Time: 4/20/20 6:35 A 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: jPREP7 

Component Analyzed: 24P-FO DSC St 

Loads Considered: External flood pi 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear _ 
Element Types Used: 

Solid45: 3-D elastic/plastic solid

ysis) (1)

M

PB24PFL ( postprocessing) (1)

4/26/20 6:42 AM

r. 4.0

1 450 MHz

*SOLUTION *POST1 

iell Assembly: Shell and bottom end components

ressure 12.1)

Thermal 

Non-Linear 

•Non-Linear

-Other:

Contac49: 3-D point to surface contact

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.  

3. Load Step 5 reverses an earlier "ekill" 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 5 are not used.

Date: & ( L0 

Date: &,•,/avr! Checked By:

I REVISION:
I AGE.:

0
A

Al 0-L OT A] 0-10
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QB24PFL. inp 

/batch, list 
/filname,qb24pfl 
/title,24P-FO DSC Shell Assembly (Bottom End, 90 Degree Model) 
/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+05 
r,202,1.0E+05,1E7/l00 
r,203,1.OE+05,1E7/100 
keyopt,20,7,1 

tref, 450

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)=l 

maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) **** 

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.

8 E+06,25. 3 E+0 6 I SA-240 Type 316 

nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************************* 

mptemp, 1,200,300,400,500,600,700 
dens,2,490/1728 
mpdata,ex,2,1,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.

7 E+06,25.5E+06 
nuxy,2,0.29 

csys,0 I 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

L_bplug=T bplug+T-obc ! 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=l. 00 
H_gr=3.75 
T_grs=0.75 
IR-grs=OR-gr-T-grs 
OR load=8.74/2

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

Z.VtI1UN:
I A.4� � A4�

I

U
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/com lower shell keypoints 
k, IOR-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,,L bplug 
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,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,,T_obc center at top surface 

k,30,IRgrs,,T.obc 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 
k,40,IR,,T_obc 
k,41,0,,T_obc 
k,42,0,,Lbplug 
k,43,IR,,L_bplug 

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

/com grapple ring keypo: 
k,60,OR_gr,,-H_gr+T_gr 
k,61,OR_gr,,-H_gr+0.75 
k,62,OR gr-0.25,,-Hgr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IR_gr+0.25,,-Hgr 
k,65,IRgr,,-H_gr+0.75 
k,66,IR gr,,-H_gr+T_gr 
k,67,IRgrs,,-H_gr+Tgr 
k,68,IR grs,,-H_gr+0.75 

/com upper shell keypoi 
k,76,IR,,Lotc 
k,77,OR,,Lotc

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

I outer radius at top surface 

plate keypoints 
I outer radius at bottom surface 

center radius at bottom surface 
center radius at top surface 

I outer radius at top surface 
radius of shield plug contact 
line up with KP54 

ints 
interface of grapple ring with support 
outer chamfer 

I outer bottom surface 

inner bottom surface 
I inner chamfer 
I inner top surface 

interface of grapple ring with support 

nts 
shell inner top 
shell outer top

klist 

/comr meshing *************************************** 

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

C1'

q'• r;;_n
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cm, swparcl,line 
lesize,swparcl,,,26,1 

isel,none 
k,203,IR-7,,Hdsc/2 
k,204,0,IR-7,Hdsc/2 
larc,203,204,200, IR-7 
cm, swparc2,line 
lesize,swp_arc2,,,12,l 
allsel 

/com lower shell elements 
lsel,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+0.01,OR-0.01 
llist 
lesize, all,,,2 
ksel,s, ,,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 
vdrag, all,,,,,,l 
esize,0.5 
vmesh,all 
cm, alshell,area 
cm,vlshell,volume 
ksel,all

26 divisions on "swparcl" 

1 12 divisions on "swparc2" 

I select lines for dividing 

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

I 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, 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 I lines contained in above areas 

vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 

vmesh,all 
vsel,none 
lsla,s I lines contained in above areas 

v, 2 6 , 2 2 ,kp(0,IR-1.4,0),kp(OIR-1.4,0),28'32,kp(OIR-.
9 3 ,T-obc),kp(0,IR-.93,T-obc) 

ksel,s,,,26, 2 8 , 2  I select centerline 

lslk,s,l I lines containing selected keypoints 

lesize,all,,,
2  I 2 divisions thru plate thickness 

vmesh,all 
vsel,s,type,,2 
cm, aoutbot, area 
cm, voutbot,volume 
ksel,all

/com bottom shield plug elements 
lsel,none

I"KU4I I NIX mAP_," AIAAr ^f AIRA1FA

F-Mj a UALLPULA I IVR IMU:

01I;MN4

I
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/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. 4 9 /0. 2 1 I 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,l 
a,23,60,67,24 
lsel,r,loc,z,-H_gr+T_gr ! select lines for dividing 
lesize,all,,,2 1 2 divisions thru support ring thickness 

vdrag,all,,,,,,2 I generate volume along line 2 ("swparc2") 

esize,T_grs I element height for unmeshed lines 
vmesh,all 
cm, agrapsup,area 
cm, vgrapsup, volume

/com grapple 
lsel,none 
asel,none 
vsel,none 
type, 7 
mat, 1 
a, 60, 61, 68,6ý

ring elements

PRfJI=CT NO"

R~CE-01 0204

I

U

P'% IV VFmuir-:•AI (!.1 II ATI•IM NO"

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, Tobc),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 
lsel,none 
asel,none 
vsel,none 
type, 4 
mat,l 
a, 50,54, 55,53 
vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 

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
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a, 67,68,65,66 
a, 61,62,63,68 
a, 68,63, 64,65 
lsel, s, loc, z,-Hgr+. 1,-H_gr+.  
lesize, all,,, 1 
vdrag, all,,,,, ,2 
esize,0.75 
vmesh, all 
cm, agraprng, area 
cm, vgraprng, volume

7 1 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,,1,2,1 
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,,l,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lbplug-.01,L_ibc+.01 
nummrg,node I 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 
nsym,x,maxnode,all 
esym,,maxnode,all 

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

*enddo

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

merge nodes at line of symmetry (bottom shell components)

/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,stype,,l

II
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allsel,below, elem 
cm, contl,node 

esel, s, type, , 2 
allsel,below, elem 
cm, cont2,node 

esel,stype,,4 
allsel,below, elem 
cm, cont4,node 

/com inner bottom

nodes of lower shell 

nodes of outer bottom cover plate 

nodes of inner bottom cover plate 

cover plate nodes at IR-.25

esel,s,type,,4 
allsel,below, elem 
csys, 1 
nsel, r, loc,x, IR-0.26, IR-0.24 
csys, 0 
cm, cont4a,node

cylindrical coordinates 

cartesian coordinates 
inner bottom cover plate nodes at IR-.25

! cylindrical coordinates

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

allsel,below, elem 
nsel,r,loc,z,T obc 
cm, targ32,node

bottom shield plug circumferential nodes 

bottom shield plug bottom surface nodes

allsel,below,elem 
nsel,r,loc,z,Lbplug 
nsel,u,loc,x,ll/12*IR+.l,IR+.Ol ! unselect outer 
cm,targ34,node ! bottom shield plug

row of contact elements 
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,x,lf/12*IR-.5,IR+.Ol ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes (w/o outer row)

csys, 0 ! cartesian coordinates

allsel 
type, 20 
I real,201 

gcgen,contl,targ3l,l 
real,202 
gcgen, cont2,targ32,1 
real,203 
gcgen,cont4,targ34,1 
gcgen,cont4a,targ34a, l

! generate contact elem btwn plug & shell 

generate contact elem btwn plug & outer plate 

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

!/com couple UZ all inner bottom cover plate nodes at radius IR-0.25, at 

!/com surface in contact with bottom shield plug 
!csysl I cylindrical coordinates 
!esel,s,type,,4 
!nsle 
!nsel,r,loc,x,IR-.26,IR-.2

4 

!nsel,r,loc,z,Lbplug 
!cp,next,uz, all 
!csys,0 I cartesian coordinates 
!allsel

C

csys, 1

I•P 10VI;IUCI
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!/com couple UZ all outer bottom cover plate nodes at radius IR-0.93, at 

!/com surface in contact with bottom shield plug 

!csys,l ! cylindrical coordinates

!esel,s,type,,2 
!nsle 
!nselr,loczT_obc 
!nsel,r, loc,x, IR-0.94,IR-0.92 
!cp,next,uz,all 
!csys,0 
!allsel

! cartesian coordinates

!/com couple UZ center inner bottom cover plate node at 

!/com surface in contact with bottom shield plug 

csys,l I cylindrical coordinates 
esel,s,type,,3,4 
nsle 
nsel,r,loc,x,0 
nsel,r,loc,z,Lbplug 
cp, next,uz,all 
csys,0 
allsel 

!/com couple UZ center outer bottom cover plate node at 

!/com surface in contact with bottom shield plug 

!csys,l I cylindrical coordinates 

csys,l I cylindrical coordinates 
esel,stype,,2,3 
nsle 
nsel, r, loc,x, 0 
nsel, r, loc, z,Tobc 
cp,next,uz,all 
csys,0 
allsel

stop=0 
*if, stop,eq, 0,then 

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

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

nsel,s,loc,x,-.01,.Ol 
d,all,ux,0 I symmetry about y-z plane (90 degree model only!) 

allsel

/com end of shell boundary conditions 
nsel,s,loc,z,H dsc/2 I shell now ends 
d, all,uz 
allsel 

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

at mid-height

save

U.
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fini 

/solution

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

/com load step 1 - .0005 psi external pressure on shell 

/title,24P-FO DSC (Bot.End) .0005 psi External Pressure 

nsubst,1,10 
csys,l cylindrical coordinates 

esel,s,type,,2,5,3 
esel,a, type,,l 
nsle 
nsel,r,loc,z,-.01,.Ol outer cover plate & weld 

nsel,a,loc,x,OR-.
2 6 ,OR+.Ol shell 

sf,all,pres,.0005 
csys,0 cartesian coordinates 
allsel 
iswrite 
save 
solve 
save

& outer cover plate

/com load step 2 - 22 psi external pressure on shell & outer cover plate 

/title,24P-FO DSC (Bot.End) 22 psi External Pressure 
nsubst, 1,20 
r,202,1.OE+07,1E7/100 , norm/tan stiff. of gap elem btwn plug & outer plate 

r,203,1.OE+07,1E7/100 norm/tan stiff. of gap elem btwn plug & inner plate 

csys,l cylindrical coordinates 

esel,s,type,,2,5,3 
esel,a,type,,l 
nsle 
nsel,r,loc,z,-.01,.Ol I outer cover plate & weld 

nsel,a,loc,x,OR-.
2 6 ,OR+.Ol I shell 

sf,all,pres,22 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 3 - pin outer cover plate weld 

/title,24P-FO DSC (Bot.End) 22 psi External Pressure (Outer Cover Pinned) 

nsubst,1,20 
esel,s,type, ,5 
nsle 
ekill,all I kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
save 

/com load step 4 - add 10 psi internal pressure on shell & inner cover plate 

/title,24P-FO DSC (Bot.End) 22 psi Ext. +.10 psi Int. (Outer Cover Pinned)

L
%J

I
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"nsubst, 1,20 
csys,l cylindrical coordinates 
nsel,s,loc,z,L_ibc-.01,H_dsc/2 
nsel,r, loc,x,0,IR+.01 
sf,all,pres,10 
csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 5 - unpin outer cover plate weld 

/title,24P-FO DSC (Bot.End) 21.7 psi External + 10 psi Internal Pressure 

nsubst,1,20 
ealive,all unkill weld elements 
lswrite 
save 
solve 
save 

fini 

/exit 

/eof 
*endif

i

I
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PB24PFL.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, bottom end 

/com flood load 
resume,qb24pfl,db 
/postl 
file,qb24pfl,rst 

/com element plots 

/show,pb24pfl,pic,l plot to file 
/triad,lbot triad in lower left corner 

/device,vector,l vector plots 
/num,2 I numbers, no colors 
/vup,l,-x , x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,utype,, 2 0 unselect contact elements 

eplot plot elements 
/zoom, l,rect,-0.890177,0.220652,-0.254692,-0.483152 
/show, off I discontinue plots to file 

/auto,l I zoom - fit 

csysl I cylindrical coordinate system 

dsys,1 
rsys,1 C*do,iset,2,5 I define steps to postprocess 

/go 
set,iset 

/com DSC Lower Shell Postl Results 

esel,s,type,,l 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r,type,,l 
nsle 
/com 
/com shell adjacent to DSC end components 

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

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

inode=node(IR, 0,T bw) 
onode=node(OR, 0,iz) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,L_bplug-7,L ibc+5,.5 

inode=node(IR, 0,iz) 
onode=node(OR, 0,iz) 
*if,onode,eq,node(OR,0,iz-.5),cycle 
nlist,inode,onode, onode-inode 
lpath, inode, onode 
prsect 

*enddo 
/com

I
I
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/com shell at mid-height 
inode=node(IR, Q,Hdsc/2) 
onode=node(OR,0,Hdsc/2) 
nlist,inode,onodeonode-inode 
ipath, inode,onode 
prsect 

/com DSC Outer Bottom Cover Plate Postl Results 

esel,stype,,2 
nsle 
nsel,r, loc,y, 0 
esln 
esel,r,type,,2 
nsle *do, ix,0, IR-l.4, (IR-1.4)/26 

inode=node(ix,0,Tobc) 
onode=node(ix,0,0) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IR-.46,0,1.19) 
onode=node(IR-.

9 5 ,0,0) 
nlistinode,onode,onode-inode 
lpath, inode, onode 
prsect 
inode=node(IR,0,T bw) 
onode=node(IR-.4

9 O0,0) 
nlist, inode,onode,onode-inode 
ipath, inode, onode 
prsect

/com DSC Outer Bottom Cover Plate 
esel,s,type,,5 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r,type,,5 
nsle *do, ix, IR-.49, IR+.21, (.49+.21)/2 

inode=node(IR,0,T bw) 
onode=node(ix,0,0) 
nlist,inode,onode, onode-inode 
lpath, inode, onode 
prsect 

*enddo 

/com DSC Bottom Shield Plug Postl 
esel,s,type,,3 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r, type,,3 
nsle 

*do, ix,0,IR, IR/12 
inode=node(ix, 0,L bplug) 
onode=node(ix,0,Tobc) 
nlist,inode,onode, onode-inode 
lpath, inode,onode 
prsect 

*enddo

Weld Postl Results 

Results

/com DSC Inner Bottom Cover Plate Postl Results 
esel, s, type, , 4

c
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nsle 
nsel,r,loc,y,0 
esln 
esel,r, type,,4 
nsle 

*do,ix,O,IR-.25,(IR-.25)/26 
inode=node(ix,0,L_ibc) 
onode=node(ix,0,L_bplug) 
nlist,inode,onode, onode-inode 
ipath, inode, onode 
prsect 

*enddo 
inode=node(IR,0,L_ibc) 
onode=node(IR,0,L-bplug) 
nlist, inode,onode, onode-inode 
ipath, inode, onode 
prsect 

/com DSC Grapple Ring Support Postl Results 

esel,s,type,,6 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r,type,,6 
nsle 

*do,iz,O,-H_gr+T_gr,(-H_gr+T_gr)/
4 

inode=node(IR_grs,0,iz) 
onode=node(ORgr,0,iz) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com DSC Grapple Ring Postl Results 

esels,type, ,7 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r, type, ,7 
nsle 
*do,ix,IR_grs-.125,5.79,(5.

7 9 -(IR_grs-.125))/ 2 

inode=node(ix,0,-H_gr+T_gr) 
onode=node (ix, 0,-H_gr) 
nlist,inode,onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
inode=node(IR_gr,0,-H_gr+Tgr) 
onode=node(IRgr+.25,0,-Hgr) 
nlist, inode,onode,onode-inode 
ipath, inode, onode 
prsect 

/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+.Ol 
nsel, r, loc, z,L bplug-.01,L_bplug+.01 
spoint,,.01,.01,0 summation in cylindrical coordinate system 

nlist 
nforce 
/com

i.
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/com mid row of nodes 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nselr,loc,z,L bplug+.l,L-ibc-.l 
spoint,,.01,.OlO I s 
nlist 
nforce 
/com 
/com top row of nodes 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc,z,L ibc-.l,L ibc+.l 
spoint,,.01,.O0,O s 
nlist 
nforce

ummation in cylindrical coordinate system 

ummation in cylindrical coordinate system

/com Nodal Forces for Weld of Outer Bottom Cover Plate 
esel,s,type,,2,5,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,T _bw-.01,T_ bw+.0l 
spoint,,.01,.0l,0 summation in cylindrical coordinate system 
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 
/device,vector, 0 , raster plots 
ernorm, off 
dsys,0 
/show,file,,0 I plot to file 

/edge,l,l10 . edge plot

/dscale,,500 ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, 0 plot stress intensity 
/zoom,l,rect,-0.890,0.221,-0.

2 5 5 ,- 0 . 4 8 3 

/auto,l , zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.982,0.517,-0.327,-0.

3 7 3 

/auto,l ! zoom - fit

/dscale,, 1 ! displacement scale

/com shell elements 
esel,s,type,,l 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view, ,0.2,0.8,-0.5 
/replot

! plot stress intensity

/com outer cover plate elements

SPROJECT NO:.
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esel, s,type,,2 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot 
/view,,O.2,0.8,0.5 
/replot 

/com outer cover plate weld element 
esel,s,type,,5 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot 
/view,,O.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 
/view,,O.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,4 
nsle 
/view,,-0.2,-O.8,-0.5 
plnsol,s,int,O plot 
/view,,O.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,int,O plol 
/view,,O.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 ! plol 
/view,,O.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

stress intensity 

s 

stress intensity 

stress intensity 

t stress intensity 

t stress intensity 

t stress intensity

! end load step loop

exit,nosave

I
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QB24P1G (anal' 

Date/Time: 317100 11:11 Pf 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver 

CPU: Dual Pentium-III 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: 1 g axial outward 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

ysis) (1) PB24P1G (postprocessing) (1)

5/2/00 9:29 AM

4.0 

450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and bottom end components

Thermal 

Non-Linear 

_Non-Linear

-Other:

Contac49: 3-D point to surface contact

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: V 

Checked By:

Date: 6,/7' di 

Date: 4'•//, -'

I PAGE:

U
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QB24P1G.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, bottom end 

/com lg axial handling load 
resume,qb24plg, db 
/postl 
file,qb24plg,rst 

/com element plots 

/show,pb24plg,pic,l plot to file 
/triad,lbot I triad in lower left corner 

/device,vector,l I vector plots 
/num,2 numbers, no colors 

/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 precise hidden 
esel,u,type,, 2 0 I unselect contact elements 

eplot plot elements 
/zoom,l,rect,-0.89,0.22,-0.

2 5 ,-0. 4 8 

/show, off discontinue plots to file 

/auto,l zoom - fit 

csysl cylindrical coordinate system 
dsys,l 
rsys,l

*do, iset, 2,3 
/go 
set, iset

define steps to postprocess

/com DSC Lower Shell Postl Results-----
esel,s,type,,l 
nsle 
nsel,r,loc, y,0 
esln 
esel,r,type,,l 
nsle 
/com 
/com shell adjacent to DSC end components 
*do,ix,IR+.21,OR-.25,OR-.25-(IR+. 2 1) 

inode=node(IR, 0,T bw) 
onode=node(ix,0,0) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

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

inode=node(IR, 0,T bw) 
onode=node(OR, 0,iz) 
nlist, inode, onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
*do,iz,L_bplug-7,L ibc+5,.5 

inode=node(IR,0,iz) 
onode=node(OR,0,iz) 
*if,onode,eq,node(OR,0,iz-.5),cycle 
nlist,inode, onode, onode-inode 
lpath, inode,onode 
prsect 

*enddo 
/com

I.
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/com shell at mid-height 
inode=node(IR, 0,Hdsc/2) 
onode=node(OR, 0,H_dsc/2) 
nlist,inode, onode, onode-inode 
ipath, inode, onode 
prsect 

/com DSC Outer Bottom Cover Plate 
esel,s,type,,2 
nsle 
nsel,r, loc, y,0 
esln 
esel, r, type, , 2 
nsle 

*do, ix, 0,IR-l.4, (IR-l.4)/26 
inode=node (ix, 0, T obc) 
onode=node(ix,0,0) 
nlist,inodeonode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IR-.46,0,1.1

9 ) 
onode=node(IR-.95,0,0) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR, 0,Tbw) 
onode=node(IR-.49,0,0) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

/com DSC Outer Bottom Cover Plate 
esel,stype,,5 
nsle 
nselr, loc, y, 0 
esln 
esel, r, type,, 5 
nsle 

*do, ix, IR-.49, IR+.21, (.49+.21)/2 

inode=node(IR,0,T bw) 
onode=node(ix,0,07 
nlist,inode, onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 

/com DSC Bottom Shield Plug Postl 
esel,s,type, ,3 
nsle 
nsel,r, loc, y, 0 
esln 
esel,r,type,,3 
nsle 

*do, ix,0,IR, IR/12 
inode=node(ix,0,L_bplug) 
onode=node(ix, 0,Tobc) 
nlist,inode,onode, onode-inode 
ipath, inode,onode 
prsect 

*enddo

Postl Results 

Weld Postl Results 

Results

/com DSC Inner Bottom Cover Plate Postl Results 
esel,s,type,,4

I

J
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nsle 

nsel, r, loc, y, 0 
esln 
esel,r,type,,4 
nsle 

*do,ix,O,IR-.25,(IR-.
2 5 )/ 2 6 

inode=node(ix,0,L ibc) 
onode=node(ix,0,L-bplug) 
nlist,inode,onode, onode-inode 
ipath, inode,onode 
prsect 

*enddo 
inode=node(IR, 0,L_ibc) 
onode=node(IR,0,L_bplug) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

/com DSC Grapple Ring Support Postl Results 

esel,s,type,,6 
nsle 
nsel,r, loc,y, 0 
esln 
esel,r,type,,6 
nsle 
*do,iz,0,-H gr+T_gr, (-H_gr+TTgr)/4 

inode=node(IRgrs,O,iz) 
onode=node(ORgr,0,iz) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com DSC Grapple Ring Postl Results 

esel,s,type,,7 
nsle 
nsel,r,loc,y,0 
esln 
esel, r, type,,7 
nsle 
*do,ix,IR_grs-.125,5.

7 9 , (5.79-(IR_grs-.125))/
2 

inode=node(ix,0,-H_gr+T_gr) 
onode=node(ix,0,-Hgr) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IR_gr,0,-H_gr+Tgr) 
onode=node(IRgr+.25,0,-H_gr) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

/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+.Ol 
nsel,r,loc,z,Lbplug-.01,L bplug+.0l 
spoint,,.01,.0,0 -O summation in cylindrical coordinate system 

nlist 
nforce 
/com

I
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/com mid row of nodes 
nsle 
nsel,r, loc,x, IR-.1,IR+.l 
nsel,r,loc,z,Lbplug+.l,Libc-.l 
spoint,,.01,.01,0 I 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,L ibc-.l,L ibc+.l 
spoint,,.01,.Ol,Q - 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+.Ol 
nsel,r,loc,z,T -bw-.01,Tbw+.Ol 
spoint,,.01,.Of,O I summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,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,,0 I plot to file 
! /edge,,l,10 ! edge plot 

/dscale,,auto I 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,-0.89,0.22,-0.

2 6 ,- 0 . 4 8 

/auto,l I zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.98,0.5

2 ,- 0 . 3 3 ,-0. 3 7 

/auto,l I zoom - fit 

/dscale,,l displacement scale 

/com shell elements 
eselstype,,l 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I plot stress intensity 
/view,,0.2,0.8,-0.5 S/replot

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

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

/com inner cover plate elements 
esel,s,type,,4 
nsle 
/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 
esel,s,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 
esels,type,,7 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plo 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

stress intensity 

s 

stress intensity 

stress intensity 

stress intensity 

t stress intensity 

t stress intensity

! end load step loop

exit,nosave

I f,3.z.n.n... 1% U

r AI~::

m
I I•r..Vl•lUl•l:

I

U
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PB24PIG.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, bottom end 
/com lg axial handling load 
resume,qb24plg,db 
/postl 
file,qb24plg, rst 

/com element plots 
/show,pb24plg,pic,l plot to file 
/triad,lbot I triad in lower left corner 
/device,vector,l I vector plots 
/num,2 I numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 i unselect contact elements 
eplot I plot elements 
/zoom, l,rect,-0.89,0.22,-0.25,-0.48 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys, l 
rsys,l 

S *do, iset,2,3 I define steps to postprocess 

/go 
set, iset 

/com DSC Lower Shell Postl Results 
esel, s, type, , 1 
nsle 
nsel,r, loc, y,0 
esln 
esel,r,type,,l 
nsle 
/comr 
/com shell adjacent to DSC end components 
*do,ix,IR+.21,OR-.25,OR-.25-(IR+.21) 

inode=node(IR, 0,T bw) 
onode=node(ix,0,0) 
nlist, inodeonode, onode-inode 
lpath, inode,onode 
prsect 

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

inode=node(IR, 0,T bw) 
onode=node(OR, 0,iz) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,L_bplug-7,L ibc+5,.5 

inode=node(IR, 0,iz) 
onode=node(OR, 0, iz) 
*if,onode, eq, node(OR, 0, iz-.5),cycle 
nlist,inode, onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
/comr
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/com shell at mid-height 
inode=node(IR,0,Hdsc/2) 
onode=node(OR,0,Hdsc/2) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect

/com DSC Outer Bottom Cover Plate 
esel,s,type,,2 
nsle 
nsel,r, loc,y,0 
esln 
esel, r, type,,2 
nsle 

*do, ix,0,IR-1.4, (IR-1.4)/26 
inode=node(ix,0,T obc) 
onode=node(ix,0,0) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IR-.46,0,1.19) 
onode=node(IR-.95,0,0) 
nlist,inode, onode, onode-inode 
lpath, inode, onode 
prsect 
inode=node(IR, 0,Tbw) 
onode=node(IR-.49,0,0) 
nlist,inode,onode, onode-inode 
lpath, inode,onode 
prsect 

/com DSC Outer Bottom Cover Plate 
esel,s,type,,5 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type,,5 
nsle 
*do,ix,IR-.49,IR+.21,(.49+.21)/2 

inode=node(IR, 0,T bw) 
onode=node(ix,0,0) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo

Postl Results--------------------------------

Weld Postl Results----------------------------

/com DSC Bottom Shield Plug Postl Results 
esel, s,type,,3 
nsle 
nsel,r, loc,y, 0 
esln 
esel,r, type, ,3 
nsle 

*do, ix,0, IR, IR/12 
inode=node (ix, 0, Lbplug) 
onode=node (ix, O,T_obc) 
nlist, inode, onode, onode-inode 
lpath, inode, onode 
prsect 

*enddo 

/com DSC Inner Bottom Cover Plate Postl Results 
esel,s,type,,4



STRANSNUCLEARy INC.  
TN WNVEST 

C PROJECT NO: SCE-01 REVISION: 0 
CALCULATION NO: SCE-01.0204 PAGE: Al 7-10 of Al 7-12 

nsle 
nsel,r,loc,y,O 
esln 
esel,r,type,,4 
nsle 

*do, ix, O, IR-.25,(IR-.25)/26 

inode=node(ix, O,L_ibc) 
onode=node(ix,0,L bplug) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
inode=node(IR, 0, L_ibc) 
onode=node(IR, O,LLbplug) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

/com DSC Grapple Ring Support Postl Results------------------------------------
esel,s,type,,6 
nsle 
nsel,r, loc, y,O 
esln 
esel,r, type, ,6 
nsle 
*do,iz,O,-H gr+Tgr,(-H gr+Tgr)/4 

inode=node(IR_grs,0,iz) 
onode=node(OR-gr,0,iz) 
nlist, inode,onodeonode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com DSC Grapple Ring Postl Results 
esel, s,type,,7 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type,, 7 
nsle 
*do,ix,IR_grs-.125,5.79, (5.79-(IR-grs-.125))/2 

inode=node(ix,0,-H_gr+T_gr) 
onode=node(ix,0,-H_gr) 
nlist,inodeonode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IRgr,0,-H-gr+T-gr) 
onode=node(IRgr+.25,0,-H_gr) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

/com Nodal Forces for Weld of Inner Bottom Cover Plate------------------------
/comr 
/com bottom row of nodes 
esel,s,type,,4 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 

C nsel,r,loc,z,L bplug-.01,Lbplug+.0l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com
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/dscale,,auto ! 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,-0.89,0.22,-0.26,-0.48 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.98,0.52,-0.33,-0.37 
/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com shell elements 
esel, s, type,, 1 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s, int, 0 
/view,,0.2,0.8,-0.5 
/replot

! plot stress intensity

/com outer cover plate elements

ci
/com mid row of nodes 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc,z,L_bplug+.l,Libc-.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 
/comr 
/com top row of nodes 
nsle 
nsel,r, loc,x, IR-.1,IR+.l 
nsel,r,loc,z,L ibc-.l,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-.0l,IR+.0l 
nsel,r,loc,z,T_bw-.0l,Tbw+.0l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height---------------------------------------
nsel,s,loc,z,Hdsc/2-.l,Hdsc/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
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esel,s,type, ,2 
nsle 
/view, ,-0.2,-0.8,-0.5 
plnsol,s,int,0 plot 
/view, ,0.2,0.8,0.5 
/replot 

/coin outer cover plate weld element 
esel, s, type,, 5 
nsle 
/view, ,-0.2,-0.8,-0.5 
plnsol,s,int,O plot 
/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 ploi 
/view, ,0.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type, ,4 
nsle 
/view, ,-0.2,-0.8,-0.5 
plnsol,s,int, O plo 
/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,int,0 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,0 plo 
/view, ,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

: stress intensity 

ts 

t stress intensity 

t stress intensity 

t stress intensity 

t stress intensity 

t stress intensity

! end load step loop

exit,nosave
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Appendix A18 

ANSYS Analysis Run Summary and Input Listings for 
B24PDW

i.
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PDW (analy 

Date/Time: 3/7/00 8:07 PM 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Vei 

CPU: Dual Pentium-III 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Deadweight acc 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) () PB24PDW ( postprocessing) (1)

4/12/00 1:39 AM

r. 4.0 

1 450 MHz 

*SOLUTION *POST1 

ell Assembly: Shell and bottom end components

eleration on horizontal DSC (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:

Date: 6,//1/0 

Date: @/,/
-9tever R.C treutker

f .....
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B24PDW. inp 

/batch, list 
/filname, b24pdw 
/title,24P-short DSC Shell Assembly (Bottom End, 180 Degree Model) 
/prep7

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

et, ll,solid45 

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

tref, 500

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)=l 

I maximum 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,l,l,28.3E+06,27.6E+06,27.0E+06,26.5E+06,

2 5. 8E+06,25. 3 E+0 6 ! 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+0

6 , 2 7 . 3 E+06, 2 6 . 7 E+06 
nuxy,2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
Hdsc=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

L_bplug=T bplug+Tobc ! bottom shield plug location (top surface) 
L ibc=T-ibc+T-bplug+T-obc ! inner bottom cover plate location (top surface)

OR gr=8.0 
IR_gr=5.0 
T_gr=l. 00 
H_gr=3.75 
T_grs=0. 75 
IRgrs=OR_gr-T_grs 
OR load=8.74/2

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

0
I LA� fl 2 *41% 41%

I

A I"015:-, OT/"A10-1 -I
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/com lower shell keypoints 
k, l,OR-0.25 
k,2,IR+0.21 
k, 3, IR, , T_bw 
k,4,IR,,L_bplug 
k,5,IR,,L ibc 
k, 6, IR, , H dsc/2 
k, 7,OR, , k_dsc/2 
k,8,OR,,L_ibc 
k,9,OR,,L bplug 
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 1 weld interface at bottom surface 
k, 22,IR-l.4 
k,23,OR_gr I outer radius of grapple ring 
k,24,IRgrs I inner radius of grapple ring 
k,26,0,0,0 I center at bottom surface 
k,28,0,,Tobc I center at top surface 
k,30,IR_grs,,Tobc ! line up with KP24 
k,31,ORgr,,Tobc I line up with KP23 
k,32,IR-0.93,,T_obc I outer radius (chamfer) at top surface 

/com bottom shield plug keypoints 
k,40,IR,,T obc 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,,Lbplug I outer radius at bottom surface 
k,51,0,,L_bplug I center radius at bottom surface 
k,52,0,,Libc I center radius at top surface 
k,53,IR,,L ibc I outer radius at top surface 
k,54,IR-0.25,,Lbplug I radius of shield plug contact 
k,55,IR-0.25,,L ibc I line up with KP54

/com grapple ring keypoints 
k, 60, ORgr, , -H-gr+Tgr 
k,61,OR_gr,,-H_gr+-0.75 
k,62,OR_gr-0.25,,-H_gr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IRgr+0.25,,-H_gr 
k,65,IR_gr,,-Hgr+0.75 
k,66,IR_gr,,-H_gr+T_gr 
k, 67, IR grs,, -H-gr+Tgr 
k,68,IRgrs,,-H_gr+0.75 

/com upper shell keypoints 
k,76, IR, , L_otc 
k,77,OR,,L_otc

interface of grapple ring with support 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
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,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5, H dsc/2 
larc, 201,202,200,IR-5
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cm, swp_arcl, line 
lesize,swparcl,,,26,2. 6 7 /l.5 ! 26 divisions on "swparcl"

isel,none 
k,203,IR-7,,Hdsc/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 

/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-0.01 
llist 
lesize, all,,,2 
ksel,s,,,5,6,1 
lslk,s,l 
lesize,all,2.5, ,,10 
ksel,s,,,7,8,1 
lslk,s,l 
lesize,all,2.5,,,0.l Svdrag,all,,,,,,1 
esize,0.5 
vmesh,all 
cm, alshell, area 
cm, vlshell,volume 
ksel,all

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) 

I 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,l 
a,21,22,32,3 
lsel,r,loc,x,IR-l.4,IR I select lines for dividing 
llist 
lesize,all,,,2 I 2 divisions for selected lines 
lsla,s I 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(OIR-1.4,O),kp(OIR-1.4,0),28,32,kp(OIR-.9

3,T-obc),kp(0,IR-.93,Tobc) 
ksel, s,,,26,28,2 I select centerline 
lslk,s,l I 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

/com bottom shield plug elements 
lsel,none

U
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asel,none 
vsel,none 
type, 3 
mat, 2 
ksel,s,kp,,40,43 
ldrag,40,43,,,,, 2  generate lines along line 2 ("swparc2") 
v,414 0,kp(0,IRT-obc) ,kp(0,IRTobc),42,43,kp(0,IR-.25, L-bplug),kp(0,IR-.25, L-bplug) 

esize,T bplug/3 I 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,,,,,,l I 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,T ibc/2 I 2 elements thru plate 
vmesh, afl 
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,,,2,0.4 9 /0. 2 1 1 2 divi• 
vdrag,all,,,,,,l general 
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,-H_gr+Tgr I select 
lesize,all,,,2 1 2 divi 
vdrag,all,,,,,,2 I genera 
esize,T_grs I elemen 
vmesh,all 
cm, agrapsup, area 
cm, vgrapsup,volume

/com grapple 
lsel,none 
asel, none 
vsel,none 
type,7 
mat,l 
a, 60, 61, 68,67

sions, generate node at IR 
te volume along line 1 ("swparcl") 

lines for dividing 
sions thru support ring thickness 
te volume along line 2 ("swparc2') 
t height for unmeshed lines

ring elements

I rtunfl.a.,. fl U
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n
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a, 67,68,65,66 
a, 61,62,63,68 
a, 68,63,64,65 
lsel,s,loc,z,-H_gr+.l,-Hgr+.7 select lines for dividing 
lesize,all,,,l 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, agraprng, area 
cm, vgraprng,volume 

allsel 

/com merge nodes for material continuity

esel,s, type,,l,2,l 
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, ,l,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 

csys,0 cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model

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

*do,i,1,7,1 

/gopr 
esel, s,type,,i 
nsle 
nummrg,node 

*enddo

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (bottom shell components)

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

/com define contact elements 
/com bottom end plates

esel,s,type,,l 
allsel,below, elem

I REVISION: 0

5
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cm,contl,node nodes of lower shell 

esel,s,type,,2 
allsel,below, elem 
cm,cont2,node nodes of outer bottom cover plate 

esel,s,type,,4 
allsel,below, elem 
cm,cont4,node 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,0 cartesian coordinates 
cm,cont4a,node inner bottom cover plate nodes at IR-.25 

csys,l cylindrical coordinates 

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

allsel,below, elem 
nsel,r,loc,z,Tobc 
cm, targ32,node I bottom shield plug bottom surface nodes 

allsel,below, elem 
nsel,r, loc, z,L bplug 
nsel,u,loc,x,ll/12*IR+.l,IR+.Ol ! 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,ll/12*IR-.5,IR+.0l ! one outer row of contact elements 

cm, targ34a,node bottom shield plug top surface nodes (w/o outer row) 

csys,0 ! cartesian coordinates 

allsel 
type, 20 

real,201 
gcgen,contl,targ3l,l I generate contact elem btwn plug & shell 
real,202 
gcgen,cont2,targ32,1 ! generate contact elem btwn plug & outer plate 

real,203 
gcgen,cont4,targ34,1 I generate contact elem btwn plug & inner plate 

gcgen,cont4a,targ34 a,l gen contact btwn plug & inner pl (outer ring) 

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

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

! nsel,s,loc,x,-.01,.Ol

I
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! symmetry about y-z plane (90 degree model only!)d,all,ux,0 
allsel

/com end-of-shell boundary conditions 
nsel,s,loc,z,Hdsc/2 I shell ends at mid-height 
d,all,uz,0 I restrain point at far end, away from grapple ring 

/com radial restraint along 2 longitudinal lines of shell nodes at perimeter 
nsel,s,loc,x,OR-.01,OR+.01 
nsel,r,loc,y,-.01,.Ol 
d,all,ux,0 I restrain a longitudinal line of nodes at x=OR 
csysl I cylindrical 
nsels,loc,x,OR-.01,OR+.Ol 
nsel,r,loc,y,2.4, 2 .8 I mesh dependent 
nrotatall 
d,all,ux,0 I restrain a long. line of nodes 2" from symm. line 

csys,0 I cartesian 
allsel

/com ux-couple shield plug & shell nodes along 
/com valid for side loading only! 
nsel,s,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,Tobc-0.3,T_obc+Tbplug/6 
cp, next,ux,all 
nsel,s,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,T_obc+Tbplug/6,Tobc+Tbplug/2 
cp,next,ux,all 
nsel,s,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,y,-.O01,.01 
nsel, r, loc, z,T_obc+T bplug/2,L-bplug-T-bplug/6 
cp,next,ux,all 
nsel,s,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,y,-.01,.Ol 
nsel,r,loc,z,Lbplug-T-bplug/6,L-bplug+.01 
cp,next,ux,all

drop contact line 

!6 is mesh dependent 

!6 & 2 are mesh dependent 

!2 & 6 are mesh dependent 

!6 is mesh dependent

allsel 

/com uz couple a shield plug node to an inner cover plate node for stability 
/com ***** valid for independent grapple pull-out and side drop ! 
nsel,sloc,x,0,0.1 
nsel, r, loc,y, 0,0.1 
nsel,r,loc,z,Lbplug-.01,L_bplug+.01 
cp,next,uz,all 

allsel 

save 

fini 

/solution 
antype, static 
eqslv, pcg, le-7 
nropt,auto 

pred,on,,on 
I autots,on 
nlgeom, on 
! neqit,100 

/com load step 1 - ig gravity load, horizontal DSC on rail 

/title,24P-s DSC (Bot.End) Ig gravity loac, horizontal DSC on rail

I

U
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/com analysis parameters 
nsubst,1,8 
acel,-1.  
lswrite 
save 
solve 
save 

/com load step 2 - pin outer cover plate 
/title,24P-s DSC (Bot.End) ig grav.load, 
nsubst,1,8 
esel,s,type,,5 
nsle 
ekill,all kill weld 
esel,all 
nsle 
lswrite 
save 
solve 
ealive, all unkill we 
save 

fini

weld 
horiz DSC (outer cover pinned) 

elements 

ld elements for postprocessing

/exit 

/eof

CE0 02.... .4
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PB24PDW. inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 

/com horizontal deadweight 
resume,b24pdw, db 
/postl 
file,b24pdw, rst 

/com element plots 
/show,pb24pdw,pic,l I plot to file 
/triad,lbot triad in lower left corner 

/device,vector,l I vector plots 
/num,2 I numbers, no colors 
/vup,l,-x x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 precise hidden 
esel,u,type,, 2 0 I unselect contact elements 
eplot I plot elements 
/zoom,l,rect,-0.94,0.60,0.0,-0.

8 0 

/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys, 1 

S*do, iset,l,2 I define steps to postprocess 

/go 
set, iset 

/com DSC Lower Shell Postl Results 

esel,s,type,,l 
nsle 
nsel,r,loc,x,OR-.0l,OR+.01 
nsel,r,loc,z,0.8,L_ibc+5 
cm, outer,node ! outer surface nodes 
nsle 
nsel,r,locx,IR-.01,IR+.01 
nsel,r,loc, z,T_bw+.l,Libc+5 
cm, reminner,node I 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,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 
nsle 
nlist,inode, onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 

nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

*enddo 

/com

I.
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/com shell adjacent to DSC end components 
theta=O 
sf=1.02325 
dtheta=2.5561/sf 
*doi,1,27 26+1 nodes 

eselrstyperol 
nsle 
nselrlocfytheta-ltheta+l 
nselrloczOT-obc 
esln 
eseltritypefil 
nsle 
*doixIR+.21,OR-.25,OR-.25-(IR+.21) 
inode=node(IRthetaT bw) 
onode=node(ixthetaOT 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doiz,.75/2,.75,.75/2 
inode=node(IRthetaT-bw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

of graduated distribution

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 

eselstype,,l 
nsle 
nselrlocytheta-ltheta+l 
nselrloczOT-obc 
esln 
esel.r.type,,l 
nsle 
*doixIR+.21,OR-.25,OR-.25-(IR+.21) 
inode=node(IRthetaT bw) 

onode=node(ix.theta,07 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doiz,.75/2,.75,.75/2 
inode=node(IRthetaT bw) 

onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i

es of graduated distribution

loop

/com.  
/com. shell at mid-height 
theta=O 
sf=1.02325 

dtheta=2.5561/sf
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*doi,1,27 26+1 n 

eselstype,,l 
nsle 
nselrlocytheta-ltheta+l 
nselrloczOH-dsc/2-5,H-dsc/2+.Ol 
esln 
eselrityperil 
nsle 

inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i 

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 

eselsttype,,l 
nsle 
nselrlocytheta-ltheta+l 
nselrloczOH-dsc/2-5,H-dsc/2+.Ol 
esln 
eselrtypetil 
nsle 
inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i

odes of graduated distribution

loop

es of graduated distribution

loop

/com DSC Outer Bottom Cover Plate Postl Results -------------------------------

eselstype,,2 
nsle 
nsel, r. loc, Z, 0 
nselrlocxOIR-1.3 
cmouternode outer surface nodes 

nsle 
nselrloczT-obc-.01,T-obc+.Ol 
nselrlocxOIR-0.9 
cmreminnernode inner surface nodes 

*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOT obc) 
*getxtnodeinodelocx 
*getytnodeinodelocy 
*getztnodeinodelocz 
cmselsouter select outer surface nodes 

onode=node(xtytO) 
nselsnode,,inode 
nselanode,,onode 
esln 
eselretyper,2 
nsle 
nlistinodeonodeonode-inode 

lpathinodeonode

I REVISION: UI PRnJECT NO:
rAUC:
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prsect 
cmselsreminner I select remaining inner surface nodes 

nselunode,,inode unselect lpath nodes 

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

theta=O 
sf=1.02325 
dtheta=2.5561/sf 
-doi,1,27 26+1 nodes of graduated distribution 

eselstyper,2 
nsle 
nselrlocytheta-ltheta+l 
esln 
eselrtype,12 
nsle 

inode=node(IR-.46,theta,1.19) 
onode=node(IR-.95,thetaO) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
inode=node(IRthetaT bw) 

onode=node(IR-.49,theTa,0) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 

eselstype,,2 
nsle 
nselrlocytheta-ltheta+l 
esln 
eselrtype,,2 
nsle 

inode=node(IR-.46,theta,1.19) 
onode=node(IR-.95,thetaO) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
inode=node(IRthetaT bw) 

onode=node(IR-.49,thJa,0) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

nodes of graduated distribution 

nd i loop

Results ---------------------------/com DSC Outer Bottom Cover Plate Weld Postl 

theta=O 
sf=1.02325 
dtheta=2.5561/sf 
*doi,1,27 26+1 nodes of 

eselstypet5 
nsle 
nselrlocytheta-ltheta+l

graduated distribution

TRANSNUCLEARv INC.  
TN WEST
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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, inode,onode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo I end i loop

theta=94.550 
sf=i/i.02325 
dtheta=4.550 
*do,i,I,26 I 26 
esel,s,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 
ipath, inode, onode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo en

nodes of graduated distribution

d i loop

/com DSC Bottom Shield Plug Postl 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+.0l 
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,node,inode, loc,z 

cmsel,s,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 
lpath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes

.- •, "Il A.~i'rI1f%K1l Kin@l -qvr-n n204•.•
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nsel,u,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,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,l 

!/gopr 
inode=node(O,0,L ibc) 
*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) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r,type,,4 
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 

*enddo 

/com DSC Grapple Ring Support Postl Results 

esel,s,type,,6 
nsle 
nsel,r,loc,x,ORgr-.01,ORgr+.Ol 
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,l,totnode, l 

!/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 I 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 
ipath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 

nsel,u,node,,inode I unselect ipath nodes 
cm, reminner,node 

*enddo

I. I
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/com DSC Grapple Ring Postl Results--------------------
esel,s,type,,7 
nsle 
nsel,r,loc,z,-H_gr-.01,-H_gr+.O1 
nsel,r,loc,x,IR_gr-.l,IR-grs+.Ol 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IR_gr-.01,IRgrs+.O1 
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,-Hgr+T_gr+.Ol 
nsel,r,loc,x,IR_gr-.l,IR-grs+.O1 
cm, reminner,node I 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,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 I 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 I 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+.Ol 
nsel,r,loc,z,L_bplug-.01,L-bplug+.Ol 
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,Lbplug+.l,L ibc-.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,L ibc-.1,Libc+.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+.Ol 
nsel,r,loc,z,T bw-.01,T-bw+.O0 
spoint,,.01,.Ol,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-.l,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 

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

/dscale,,100 ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,, 2 0 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.

8 0 

/auto,l I zoom - fit 

/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-1.02,0.71,-0.

0 7 ,- 0 . 7 7 

/auto,l ! 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 
/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 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate weld ele 
esel,s,type,,5 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s, int, 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

plot stress intensity 

plot stress intensity 

ments 

plot stress intensity 

plot stress intensity

SPROJECT NO: SCE-01 i•, CULATION NO: SCE-01 .0204
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/com inner cover plate elements 
esel, s,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 

/com grapple ring support elements 
esel,s,type,,6 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 plot stress intensity 
/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,0 plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

f ini

! end load step loop

exit,nosave

I KtV IN
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24THERM (analysis) (1) PB24THRM (analysis) (1) 

Date/Time: 6/14/00 12:19 PM 6/19/00 1:15 PM 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver. 4.0 

CPU: Dual Pentium-lI 266 MHz 

Analysis Modules Used: *PREP7 *SOLUTION *POST1 

Component Analyzed: 24P-FO DSC Shell Assembly: Shell and bottom end components 

Loads Considered: Steady State Thermal Solutions for Thermal cases 15, 16, and 26 (2) 

Analysis Type: Static * Thermal _Other: 

Materials: *Linear _Non-Linear 

Geometry: Linear *Non-Linear 

Element Types Used: 

Solid70: 3-D thermal solid 

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: Q C'" • Date: (i( f a(o 

Mi hal E. C hen 

Checked By: 4 __________ Date: &_ 40U
"Steven R. Streutker
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B24THERM. inp 

/batch, list 
/filname, b24therm 
/title,24P-FO DSC Shell Assembly (Bottom End, 180 Degree Model) 
/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 I 3-D Elastic/Plastic 
et,5,solid45 I 3-D Elastic/Plastic 
et,6,solid45 I 3-D Elastic/Plastic 
et,7,solid45 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

et,ll,solid45 3-D Elastic/Plastic Solid - DSC Upper Shell 

!et,20,contac49 I 3-D point to surface contact elements 
!r,201,1.OE+06 I normal stiffness of gap elem btwn plug & shell 
!r,202,l.0E+06,1E7/100 I norm/tan stiffness of gap elem btwn plug & outer plate 

!r,203,l.0E+06,1E7/100 I norm/tan stiffness of gap elem btwn plug & inner plate 
!keyopt,20,7,1 I keyopt (7)=l 

!tref,70 . maximum temperature 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 

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.

8 E+06, 2 5 . 3 E+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,

2 7 . 3 E+06, 2 6 . 7 E+06 

mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.
6 1E-06,6. 9 1 E-06,7.1 7 E-06 

nuxy, 2,0.29 

csys,0 I 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=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 

I thickness of outer bottom cover plate weld

L_bplug=T bplug+Tobc I bottom shield plug location (top surface) 
L ibc=T_ibc+Tbplug+T-obc ! inner bottom cover plate location (top surface)

OR_gr=8.0 
IRgr=5.0 
T_gr=l.00 
H_gr=3.75 
T_grs=0.75 
IR grs=ORgr-T_grs 
OR load=8.74/2

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
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/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 
k,3,IR,,T bw 
k, 4, IR,, L-bplug 
k, 5, IR,, L ibc 
k, 6, IR,, H dsc/2 
k,7,OR,,Hdsc/2 
k,8,OR,,L ibc 
k,9,OR,,L bplug 
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,OR gr outer radius of grapple ring 
k,24,IR7grs inner radius of grapple ring 
k,26,0,0,0 center at bottom surface 
k,28,0,,T obc I center at top surface 
k,30,IR__grs,,T obc I line up with KP24 
k,31,ORgr,,T obc 1 line up with KP23 
k,32,IR-0.93,,T_obc I outer radius (chamfer) at top suu

/com bottom shield plug 
k,40,IR,,Tobc 
k,41,0,,T_obc 
k, 42,0,,LLbplug 
k,43,IR,,L-bplug 

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

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 

I outer radius at top surface 
I radius of shield plug contact 
!.line up with KP54

/com grapple ring keypoints 
k,60,OR gr,, -H gr+T gr 
k, 61,ORgr,,-Hgr+0.75 
k, 62,OR_gr-0.25, ,-H_gr 
k,63,IR_grs-0.25,,-H-gr 
k,64,IRgr+0.25,,-HRgr 
k, 65, IR_gr,,-Hgr+0.75 
k, 66, IRgr, ,-Hgr+T_gr 
k, 67, IRgrs,, -H-gr4-Tgr 
k, 68, ZR grs,,-R_gr+0.75 

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

interface of grapple 
outer chamfer 

! outer bottom surface 

inner bottom surface 
inner chamfer 

I inner top surface 
interface of grapple 

shell inner top 
shell outer top

ring with support 

ring with support

klist

/com meshing *******f***ft******** ******************** **** *******+**** 

/com define arcs to sweep volumes and lines 
isel,none 
k, 200,0,,H dsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,R dsc/2 
larc,201,202,200, IR-5 
cm, swp arcl, line

face

I 
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lesize,swp_arcl,,, 2 6 ,1 

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

/com lower shell elements 
lsel,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+0.01,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, s,l 
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" 

t select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
0.5"1 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-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 ("swparcl") 

vmesh, all 
vsel,none 
lsla,s lines contained in above areas 

v,26,22, kp(0,IR-1.4,) ,kp(0,IR-1.4,0),28,
3 2 ,kp(0 IR-. 9 3 ,T-obc),kp(0,1R-.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 
cm, aoutbot,area 
cm, voutbot,volume 
ksel,all

/com bottom shield plug elements 
lsel,none 
asel,none

Ct
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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,IRT obc),kp(0,IRTobc),42,43,kp(OIR-.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 
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,Lbplug),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 

/com weld of outer bottom cover plate 
lselnone 
asel,none 
vsel,none 
type, 5 
mat, l 
a,2,21,3,3 
lsel,r, loc, z,O 
lesize,all,,, 2 ,0. 4 9 /0. 2 1 2 divisions, generate node at IR 

vdrag,all,,,,,,l generate volume along line 1 ("swp_arcl") 
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,-H_gr+Tgr I select lines for dividing 

lesize,all,,,2 I 2 divisions thru support ring thickness 

vdrag,all,,,,,,2 ' generate volume along line 2 ("swp arc2") 

esize,T_grs I element height for unmeshed lines 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup,volume

./com grapple 
lsel, none 
asel, none 
vsel, none 
type, 7 
mat, 1 
a, 60, 61, 68, 67 
a, 67,68, 65, 6E

ring elements

I
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a, 61,62,63,68 
a, 68, 63, 64,65 
lsel,s,loc,z,-H_gr+.l,-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 

/com merge nodes for material continuity

esel,s,type,,l,2,l 
esel,a,type,,5,7,l 
allsel,below,elem 
nummrg,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, 1 cylindrical coordinates

esel,s,type,,l,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L bplug-.01,Libc+.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 
nsym, x,maxnode,all 
esym,,maxnode,all 

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

*enddo 

esel, s,type,,ll 
nsle 
nummrg,node 

esel,s,type,,20 
nsle 
nummrg,node 
nummrg,elem

get maximum node number 
reflect all nodes 
reflect all elements 

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

merge nodes at line of symmetry (upper shell) 

merge coincident contact nodes (if any) 
merge coincident contact elements (if any)

!/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 I tie together grapple to outer bottom cover

C/
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/com change structural elements to thermal elements 
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 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
mptemp, 1,70,100,150,200,250,300 
mptemp,7,400,500,600,700 
dens,1,493/1728 
!mpdata,kxx,l,l,7.7/12,7.9/12,8.2/12,8.4/12,8.7/12,9.0/12 SA-240 Type 316 

!mpdata,kxx, l,6,9.5/12,10.0/12,10.5/12,11.0/12 ! SA-240 Type 316 

!mpdata,kyy,1 ,l,7.7/12,7.9/12,8.2/12,8.4/12,8.7/12,
9 .0/12! SA-240 Type 316 

!mpdata,kyy, l,6,9.5/12,10.0/12,10.5/12,11.0/1
2  ! SA-240 Type 316 

!mpdata,kzz,l,1,7.7/12,7.9/12,8.2/12,8.4/12,8.7/12,9.0/12! SA-240 Type 316 

!mpdata,kzz,1,6,9.5/12,10.0/12,10.5/12,11.0/1
2  ! 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 /1 2  SA-240 Type 316 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************************* 

mptemp, 1,70,100,150,200,250,300 
mptemp,7,400,500,600,700 
dens,2,490/1728 
!mpdata,kxx,2,1,35.1/12,34.7/12,

3 4.1/12,33.6/12,32.9/12,32.3/12 SA-36 

!mpdata,kxx, 2,6,30.9/12,29.5/12,28.0/12,26.6/12 ! SA-36 

!mpdata,kyy,2,1,35.1/12,34.7/12,34.1/12,33.6/12,32.
9 /12,32.3/12 I SA-36 

!mpdata,kyy,2,6,30.9/12,29.5/12,28.0/12,26.6/12 
I SA-36 

!mpdata,kzz,2,1,35.1/12,34.7/12,34.1/12,33.6/12,32.9/12,3
2 . 3 /1 2  SA-36 

!mpdata,kzz,2,6,30.9/12,29.5/12,28.0/12,2
6 . 6 /1 2 ! SA-36

SA-36 ! SA-36

save 

fini 

/solution 

/com analysis parameters 
antype, static 
!nropt,auto 
!neqit, 50 
!pred, onr, on 
!autots,on 
!nlgeom, on 
!eqslv,pcg, le-9 
!nsubst, 10

/com BC's at planes of symmetry 
nsel,s,loc,z,Hdsc/2 
sf,all,hflux, 0 
f,all,heat,0 
allsel 

/com Define x y z location arrays (in cylindrical coordinates) 
*dim, t xloc,array, 31 
*dim, t_yloc, array, 5 
*dim, t_zloc, array, 31

a -,~~1 I 1i~t~~.A4Q a-f" A40-07
I IPGV I lVI1
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mpdata,kxx, 2,1,35.1/12,35.1/12,35.1/12,35.1/12,35.1/12,35"i/12 
mpdata,kxx,2,6,35.1/12,35.1/12,35.1/12,35.1/12
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*dim,t_val,array,31,5 

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(ll) = 33.33 

t_yloc(1) = 0 
t_yloc(2) = 45 
t_yloc(3) = 90 
t_yloc(4) = 135 
t_yloc(5) = 180 

t zloc(l) = 0 
t-zloc(2) = 1.6625 
t-zloc(3) = 5.075 
t-zloc(4) = 8.375 
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) = 65.682 
t-zloc(ll) = 93.085 

/ com 
/com get angular locations for SHELL, OTCP, ITCP interpolation points 

/com 
csys, 1 
esel,s,type, , 1 
nsle 
nsel, r, loc, x, OR 
nsel,r,loc,z,H_dsc/2 
cm, temp, node 

* get, ubound, node,,count 
* DIM, y_ang, array, ubound 

*DO, i, l,ubound, 1 

cmsel, s, temp 
*get,y_ang(i) ,node,,mnloc,y 

nsel, r, loc, y,y_ang (i) 
*get,nnum, node,, num,min 
*get,y_ang(i),node,fnnumaang,xy 
cmsel, s,temp 
nsel,u,node,,nnum 
cm, temp, node 

*ENDDO 
alls 

/com 
/com get angular locations for SHIELD PLUG interpolation points 
I/com 
esel, s, type, , 3 
nsle 
nsel, r, loc,x, IR 
nsel,r,loc,z,L_bplug

I
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cm, temp, node 

*get, ubound, node,,count 

*DIM, sp_ang, array, ubound 

*DO,i,l,ubound,l 
cmsel, s, temp 
*get,sp_ang(i) ,node,,imnloc,y 

nsel,r, loc, y, sp ang(i) 
*get, nnum, node,, num, min 

*get,spang(i),node,fnnum,ang,xy 
cmsel, s, temp 
nsel,u,node, ,nnum 
cm, temp, node 

*ENDDO 
alls 

/com Temperature Case 15, -40 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temperature Case 15, -40 deg Ambient 

/com define nodal temps 
csys, 1 

t val(l,l) = 148 
t-val(2,1) = 151 
t-val(3,1) = 156 
t val(4,1) = 161 
t-val(5,1) = 194 
t-val(6,1) = 216 
t-val(7,1) = 230 
t-val(8,1) = 249 
t-val(9,1) = 257 
t-val(10,1) = 267 
t-val(1l,l) = 271 

t val(1,2) = 144 
t-val(2,2) = 146 
t-val(3,2) = 151 
t-val(4,2) = 156 
t_val(5,2) = 187 
t val(6,2) = 208 
t val(7,2) = 222 
t-val(8,2) = 241 
t-val(9,2) = 249 
t-val(10,2) = 259 
t-val(1l,2) = 262 

t val(l,3) = 140 
t-val(2,3) = 142 
t-val(3,3) = 147 
t-val(4,3) = 151 
t-val(5,3) = 180 
t-val(6,3) = 200 
t-val(7,3) = 214 
t val(8,3) = 233 
t-val(9,3) = 241 
t_val(10,3) = 251 
t val(11,3) = 253.  

t val(l,4) = 135 
t-val(2,4) = 137 
t-val(3,4) = 141 
t-val(4,4) = 146 
t-val(5,4) = 173 
t-val(6,4) = 192

I
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t_val(7,4) = 207 
t val(8,4) = 225 
t-val(9,4) = 233 
t-val(10,4) = 242 
t-val(ll,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) = 218 
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 
alls 
esel,s,type, , 3 
nsle 
! -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 
! R1 = OD of shield plug 
Rl = 33.065 

ZO = z minimum of Shield Plug 
I Z1 = Thickness of Shield plug 
ZO = 1.75 
Z1 = 6.25 
pi = 3.1416 
*get,totnode,node,,count 
*DO, i,l,totnode,l 

!/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 

tm=atan(yt/xt) 
*endif 
*if, tm,eq, 0.0,then 

*if,xt,lt,0.0,then 
tm=-l.Oe-6 

*else 
*endif

C
I .. m flfl.a.. a U
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* else 
*endif 
zm--zt -Z 0 
Fl=l/Zl 
*jf, tin,it,0.0, then 

F2=-2*rm/pi/Rl* (t6-t8) *tm 
*else 
F2=2*rm/pi/Rl* (t6-t5) *tm 

* endi f 
*if,tm, it,0.0, then 

F3=(t8-t4) /Rl*rm 
*else 

F3= (t5-t4) /Rl*rm 
*endif 
F4 =t 4 
*if, tin,it,0.0, then 

F5=2*rm/pi/Rl* (t3-t7) *tm 
*else 

F5=-2*rmIPiIRl* (t3-t2) *tm 
*endif 
*if,tm, it,0.0, then 

F6=- (t7-tl) /Rl*rm 
*else 

F6=- (t2-tl) /Rl*rm 
* endi f 
F7=-tl 
F8=zm 

*if,tm, it,0.0,then 
F9=-2*rm/pi/Rl* (t3-t7) *tm 

*else 
F9=2*rm/pi/Rl* (t3-t2) *tm 

*endif 

*if,tm, it,0.0,then 
FlO=+ (t-7-ti) /Rl*rm 

*else 
FlO=+ (t2-tl) /Rl*rrn 

*endif 
Fli=tl 
ntemp=F1*(F2+F3+F4+F5+F6+F

7 )*F8 +F9 +F1O +Fli 

d, tnode, temp1 ntemp 
bf, tnode, temp,ntemp 
nsei,u,node, ,tnode 

*enddo 
ails 

!Define temperatures for DSC Outer Bottom Cover 

ails 
esei,s,type, ,2 
nsl1e 
!-40 F temperatures at top, bottom, at 900 intervals 

tl=170 .0 
t2=130 .0 
t3=140.0 
t4=174.0 
t5=132 .0 
t6=142.0 
t7=148.0 
t8=151.0 
!Rl = OD of Top Cover

I



F

TRANSNUCLEARq INC.  
TN WEST 

ROJECT NO: SCE-01 R VISION: 0 

ALCULATION NO: SCE-01.0204 PAGE: A19-13 of A19-27 

Rl = 33.065 
ZO = z minimum of Top Cover 
Zl = Thickness of Top Cover 

ZO = 0.0 
Zl = 1.75 
pi = 3.1416 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytnodetnodelocy 
*getztnodetnodelocz 
rm--(xt**2+yt**2)**0.5 
*ifxteqO.Othen 
tm--i.5707963267949 

*else 
tm=atan(yt/xt) 

*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
tm---1.0e-6 

*else 
*endif 

*else 
*endif 
zrrv--zt-ZO 
Fl=l/Zl 
*iftmltO.Othen 

F2=-2*rm/pi/Rl*(t6-t8)*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 
F8=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
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ntemp=Fl*(F2+F3+F4+F5+F6+F
7 )*F 8 +F9 +F10 +Fll 

d,tnode, tempntemp 
bf,tnode, temp,ntemp 

nsel,u,node,,tnode 
*enddo 
alls 

Define temperatures for DSC Inner bottom Cover 

alls 
esels,type,,4 
nsle 
! -40 F temperatures at top, bottom, at 90' intervals 

tl=189.0 
t2=140.0 
t3=151.0 
t4=191.0 
t5=140.0 
t6=152.0 
t7=160.0 
t8=161.0 
! RI = OD of Inner Top Cover 
R1 = 33.065 
I ZO = z minimum of Inner Top Cover 
ZI = Thickness of Inner Top Cover 

ZO = 8.00 
Zl = 0.75 
pi = 3.1416 
*get,totnode,node,,count 
*DO,i,l,totnode,l 

!/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=1l.5707963267949 
*else 

tm=atan(yt/xt) 
*endif 
*if,tm,eq,0.0,then 

*if,xt,lt,0.0,then 
tm=-l . Oe-6 

*else 
*endif 

*else 
*endif 

zm= zt-Z0 
FI=I/Zl 
*if,tm, lt,0.0,then 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else 

F2=2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*if,tm,lt,0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*endif 
F4=t4 
*if,tm,lt,0.0,then 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else

II
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F5=-2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*if, tm, lt, 0.0, then 

F6=- (t7-tl) /Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*if,ttm, lt,0.0,then 

F9=-2*rm/pi/Rl*(t3-t7)*tm 
*else 

F9=2*rm/pi/Rl*(t3-t2)*tm 
*endif 

*if,tm, it,0.0,then 
Fl0=+(t7-tl)/Rl*rm 

*else 
Fl0=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +FlI 
d, tnode,temp, ntemp 
bf,tnode, temp,ntemp 

nsel,u, node, ,tnode 
*enddo 
alls

! Define temperatures 
ntemp=127 
nsel, s,loc, z,-H gr 
d, all,temp,ntemp 
esel, s, type,, 6 
nsle 
nsel, r, loc, z, 0 
d, all,temp, 160 
allsel

csys, 0 

Iswrite 
save

for GRAPPLE RING assembly

! end of load step 1

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 
csysl

t_val (i, i) 
t val (2, 1) 
t-val (3, 1) 
t val (4, 1) 
t-val (5, 1) 
t val (6, 1) 
t-val (7, i) 
t-val (8, i) 
t-val (9, i)

277 
280 
285 
290 
325 
347 
360 
379 
387

REVISION: 0 

PAGE: Al 9-15 of Al 9-27
Vf•mVWU IW mv .............
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t val(10,l) = 396 
t val(ll,l) = 399 

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(ll, 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(ll, 3 ) = 376 

t val(l,4) = 260 
t-val(2, 4 ) = 262 
t-val(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-val(ll,4) = 358 

t val(l,5) = 254 
t-val(2,5) = 256 
t-val(3,5) = 259 
t-val(4,5) = 263 
t-val(5,5) = 288 
t-val(6,5) = 306 
t-val(7,S) = 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 

/com 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 900 intervals

csys, 0

I
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tl=2 99. 0 
t2=25 6.0 
t3=2 69. 0 
t4=313. 0 
t5=2 63. 0 
t6=277. .0 
t7=280.0 
t8=28 9. 0 
! Rl = OD of shield plug 
Rl = 33.065 

ZO = z minimum of Shield Plug 
Zi = Thickness of Shield plug 

ZO = 1.75 
Z1= 6.25 

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 
tm7l .570'7963267949 

*else 
tm--atan (yt/xt) 

* endi f 
*if, tin,eq,0.0, then 

*if,xt, it, 0.0,then 
tm=-l . Oe-6 

*else 
*endif 

*else 
*endif 
zm--zt-ZO 
F1=1/Zl 
*if, tm., t,0.0, then 

F2=-2*rrn/piIRl* (t6-t8)*tm 
*else 

F2=2*rin/pi/R1* (t6-t5) *tm 
*endif 
*if,tn, lt,0.0,then 

F3=(tB-t4) /Ri*rin 
*else 

F3=(t5-t4) /Rl*rin 
* endi f 
F4=t4 
*if, tn, it,0.0, then 

F5=2*rin/pi/Rl* (t3-t7) *tin 
*else 

F5=-2*rin/pi/Rl* (t3-t2) *tin 
* endi f 
*if, tn, lt,0.0, then 

F6=- (t7-ti) /Rl*rm 
*else 

F6=- (t2-ti) /Ri*rin 
* endi f 
F7=-tl 
F8=zm 

*if,tm,lt,0.0,then 

Fe=-2*m/pi/Rl* (t3-t7) t

I
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F9=2*rm/pi/Rl*(t3-t2)*tm 
*endif 

*if,tm, lt,0.0,then 

Fl0=+(t7-tl)/Rl*rm 
*else 
F10=+ (t2-tl) /Rl*rm 

*endif 

Fll=tl 
ntemp=FI*(F2+F3+F4+F5+F6+F

7 )*F 8 +F9 +F10 +F1I 
d, tnode,temp, ntemp 
bf, tnode,tempntemp 

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 90c intervals

ti=295.0 
t2=254 .0 
t3=266.0 
t4=299.0 
t5=256.0 
t6=269.0 
t7=277 .0 
t8=280.0 
! R1 = OD of Top Cover 
R1 = 33.065 

ZO = z minimum of Top Cover 
Z1 = Thickness of Top Cover 

ZO = 0.0 
Z1 = 1.75 
pi = 3.1416 
*get,totnode,node,,count 
*DO, i,l,totnode,l 

!/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 .5707 963267949 

*else 
tmn=atan (yt/xt) 

*endif 
*if, tm, eq,0.0,then 

*if,xt, lt,0.0,then 
tm=-l.Oe-6 

*else 
*endif 

*else 
*endif 

zmi=zt-Z0 
FI=1/Z1 
*if,ttm, lt,0.0,then 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else
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F2=2*rm/pi/Rl*(t6-tS)*tm 
*endif 
*if,tm, lt,0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*endif 
F4=t4 
*if,tm, lt,0.0,then 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*if,tm,lt,0.0, 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,tm, lt,0.0, then 
FlO=+(t7-tl)/Rl*rm 

*else 
Fl0=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=FI*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +F1I 
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 90* 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 
! R1 = OD of Inner Top Cover 
R1 = 33.065 

ZO = z minimum of Inner Top Cover 
Zi = Thickness of Inner Top Cover 

ZO = 8.00 
Z1 = 0.75 
pi = 3.1416 
*get, totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr

I
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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-Z0 
Fl=l/Zl 
*iftmltO.Othen 

F2=-2*rm/pi/Rl*(t6-t8)*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 
F8=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+F5+F6+F7)*F8 +F9 +F10 +F11 

dtnodetempntemp 
bftnode.tempntemp 
nselunode,,tnode 

enddo 
alls 

Define temperatures for GRAPPLE RING assembly 

ntemp=257
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nsel,s,loc,z,-H_gr 
d, all, temp, ntemp 

esel, 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(l,l) = 287 
t-val(2,1) = 290 
t-val(3,1) = 295 
t-val(4,1) = 300 
t-val(5,1) = 335 
t-val(6,1) = 357 
t-val(7,1) = 370 
t-val(8,1) = 388 
t-val(9,1) = 396 
t-val(10,1) = 406 
t-val(1l,l) = 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 
t-val(9,2) = 385 
t-val(10,2) = 394 
t-val(ll,2) = 397 

t val(l,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(ll,3) = 385 

t val(1,4) = 270 
t val(2,4) = 272 
t-val(3,4) = 276 
t-val(4,4) = 280 
t-val(5,4) = 306 
t-val(6,4) = 325

I
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t val(7,4) = 339 
t-val(8,4) = 356 
t val(9,4) = 364 
t-val(10,4) = 371 
t-val(1i,4) = 367 

t val(l,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(l1,5) = 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 
nsle 
! 117 F temperatures at top, bottom, at 900 intervals 

csys, 0

tl=309.0 
t2=2 65.0 
t3=278.0 
t4=323.0 
t5=272 .0 
t6=287 .0 
t7=290.0 
t8=299.0 
! R1 = OD of shield plug 
Rl = 33.065 

ZO = z minimum of Shield Plug 
Zl = Thickness of Shield plug 

ZO = 1.75 
ZI = 6.25 
pi = 3.1416 
*get,totnodenode,,count 
*DO,i,l,totnode, l 

!/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=1l.5707963267949 
*else 

tm=atan(yt/xt) 
*endif 
*if,tm,eq,0.0,then 

*if,xt, lt,0.0,then 

tm=-l.Oe-6 
*else 
*endif

C/'
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*else 
*endif 
zm--zt-Z0 
FI=I/Zl 

*if,tm, lt,0.0,then 
F2=-2*rm/pi/Rl*(t6-t8)*tm 

*else 
F2=2*rm/pi/Rl*(t6-t5)*tm 

*endif 
*if,tm, lt,0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*endif 
F4=t4 

*if,tm, lt,0.0, then 
F6=2*rm/pi/Rl*(t3-t7)*tm 

*else 
F5=-2*rm/pi/Rl*(t3-t2)*tm 

*endif 
*if,tm, lt,0.0, then 

F6=-(t7-tl)/Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*if, tm, lt,0.0,then 
FF9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9=2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*if,tm,nlt,t.e,then 
Fl0=+(t7-tl)/Rl*rm 

*else 
Fl0=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=FI,(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +Fll 

d, tnode, temp, ntemp 
[ bf,tnode, temp,ntemp 
nsel,u,node,,tnode 

*enddo 
ells 

! Define temperatures for DSC Outer Bottom Cover 
ells 
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 
t6=278.0 
"t7=287.0 
t8=290.0 
! RI = OD of Top Cover 
R1 = 33.065 
! Z0 = z minimum of Top Cover
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! Zl = Thickness of Top Cover 
ZO = 0.0 
Zl = 1.75 
pi = 3.1416 
*gettotnodenode,,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-tB)*tm 

*else 
F2=2*rm/pi/Rl*(t6-t5)*tm 

*endif 
*iftmitO.Othen 

F3= (t8-t4) IR1*m 
*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 
F10=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +Fll 

dtnodetempntemp

TRANSNUCLEARy INC.  
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bf, tnode,temp,ntemp 
nsel,u, node,,tnode 

*enddo 
alls 

! Define temperatures for DSC Inner bottom Cover 
alls 
esel,s,type,,4 
nsle 
! -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 
! R1 = OD of Inner Top Cover 
Ri = 33.065 
I ZO = z minimum of Inner Top Cover 
I Z1 = Thickness of Inner Top Cover 
ZO = 8.00 
Z1 = 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 
*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 

tm=atan(yt/xt) 
*endif 
*if, tm, eq,0.0, then 

*if,xt, lt,0.0,then 
tm=-1.0e-6 

*else 
*endif 

*else 
*endif 
zm=zt-Z0 
F1=1/Zl 
*if,tm, lt,0.0,then 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else 

F2=2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*if,tm, lt,0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*iendif 
F4=t4 
*if,tm, it,0.0,then 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*m/pi/Rl* (t3-t2) *tm 
*endif

I
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*if, tm, lt,0.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,tm, lt,0.0,then 
Fl0=+(t7-tl)/Rl*rm 

*else 
FlO=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=FI*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +FlI 
d,tnode,temp, ntemp 
bf, tnode, temp, ntemp 

nsel,u,node,,tnode 
*enddo 
alls 

! Define temperatures for GRAPPLE RING assembly 
ntemp=26 7 

nsel,s,loc,z,-H_gr 
d, all,temp,ntemp 

esel,stype,,6 
nsle 
nsel, r, loc, z, 0 
d,all,temp,295 

allsel 
csys,0 

lswrite ! end of load step 3 
save 

solve 
save 

fini 

!/exit 

!/eof

*endif

I
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PB24THRM.inp 

/batch, list 
/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, l,
3  define steps to postprocess 

/go 
set,iset 

/com Stress Plots 

/num,O numbers and colors 

/device,vector,O ! raster plots 

ernorm, off 
dsys,O 
/show,file,,O plot to file 

/dscale,,auto , displacement scale 

/com all elements (excluding contact elements) 

/vup,l,-x ! x-axis down 

/auto, l 
/view,,-0.2,-0.8,-0.5 
plnsol,temp 

I plot temperature distribution 

/auto, l 1 zoom - fit 

/view,,-0.2,-0.8,0.5 
/replot 
/auto,l zoom - fit 

/dscale,,l displacement scale 

dsys,l 

*enddo I 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: B24PSID2 (analI 

Date/Time: 1/13/00 6:04 PI• 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver 

CPU: Dual Pentium-III 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: 75g side drop ac 

Analysis Type: *Static 

Materials: *Linear 

Geometry: Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid
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PB24PSD2 (postprocessing) (1 )

4/20/20 12:17 PM

.4.0
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*SOLUTION *POST1 

ell Assembly: Shell and bottom end components
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Thermal 

Non-Linear 

_Non-Linear
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1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
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2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 

calculation.
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B24PSID2.inp 

/batch, list 
/filname,b24psid2 
/title,24P-short DSC Shell Assembly (Bottom End, 180 Degree Model) 

/prep7 

/com shell assembly components 
et,l,solid45 3-D Elastic/Plastic Solid - DSC Lower Shell 

et,2,solid45 ! 3-D Elastic/Plastic Solid - DSC Outer Bottom 

Cover P1 
et,3,solid45 3-D Elastic/Plastic Solid - DSC Bottom 

Shield Plug 
et,4,solid45 ! 3-D Elastic/Plastic Solid - DSC Inner Bottom 

P1 
et,5,solid45 3-D Elastic/Plastic Solid - Bottom Plate 

Weld 
et,6,solid45 ! 3-D Elastic/Plastic Solid - DSC Grapple Ring 

Support 
et,7,solid45 ! 3-D Elastic/Plastic Solid - DSC Grapple Ring

et,11,solid45

et,20,contac49 
r,201,1.OE+07 

shell 
! r,202,1.OE+07 
outer plate 
! r,203,1.OE+07 
inner plate 
! keyopt,20, 7 ,1

tref, 500

3-D Elastic/Plastic Solid - DSC Upper Shell 

! 3-D point to surface contact elements 

! normal stiffness of gap elem btwn plug & 

! norm/tan stiffness of gap elem btwn plug & 

! norm/tan stiffness of gap elem btwn plug & 

! keyopt (7)=l

! maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-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. 8E+06, 25. 3E+06 

! SA-240 Type 316 
nuxy,l,0. 2 9 

/comr non-linear properties - Type 316 

etanl=.05 ! slope of tangent modulus 

tb,bkin, 1,6 
tbtemp, 70 
tbdata,,30000,etanl* 2 8 . 3 E+06 ! cl=sy, c2=tangent modulus 

tbtemp, 200

81•.,#e •.,Q..l -l. •

r% Qr1= ni (MA 25AL1.,ULM I IVIN IN

%/

I -

rFrV_0 i.l 8ilkilt.

r%.u-O UI /".--rm"Pc:I

I



.• TRANSNUCLEAR, INC.  
TN WEST

ROJECT NO: SCE-01 

ALCULATION NO: SCE-01.0204

tbdata,,25800,etanl*27.6E+06 
tbtemp, 300 
tbdata,,23300,etanl*27.OE+06 
tbtemp, 400 
tbdata,,21400,etanl*26.5E+0

6 

tbtemp, 500 
tbdata,,19900,etanl*25.8E+06 
tbtemp, 600 
tbdata,,18800,etanl*2

5 .3E+06

I I�m�wE�1E�...

I PAG :....4o1 A-U-L

, cl=sy, c2=tangent modulus 

* cl=sy, c2=tangent modulus 

cl=sy, c2=tangent modulus 

cl=sy, c2=tangent modulus 

cl=sy, c2=tangent modulus

/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,

2 6 - 7 E+06 

nuxy, 2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell=.5 3 

OR=67.19/2 
IR=OR-T shell 
H dsc=186.17 

L otc=H dsc-0.12 
surface) 

T ibc=0.75 
T bplug=6.25 
T obc=l.75 
T bw=0.625 
weld 

L_bplug=T bplug+Tobc 
surface) 
L ibc=T ibc+Tbplug+Tobc 
surface) 

ORgr=8.0 
support 
IR_gr=5.0 
T_gr=l.00 
H_gr=3. 7 5 
T_grs=0.75 
IRgrs=OR_gr-T_grs 
OR load=8.74/ 2

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

! outer top cover plate location (top

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

thickness of outer bottom cover plate

bottom shield plug location (top 

inner bottom cover plate location (top 

outer radius of the grapple ring &

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

/

I I•1• V I•IVI1,

I
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/com lower shell keypoints 
k, l,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,,L-bplug 
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-1.4 
k,23,ORgr o 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,,T obc ! center at top surface 

k,30,IRgrs,,T obc ' 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 keypoints 
k,40,IR,,T obc I 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,,L_bplug 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 ! center radius at top surface 

k,53,IR,,L ibc ! outer radius at top surface 

k,54,IR-O.25,,Lbplug ! radius of shield plug contact 

k,55,IR-0.25,,Libc ! line up with KP54

/com grapple ring keypoints 
k,60,ORgr,,-H_gr+T_gr 
support 
k,61,ORgr,,-H_gr+0. 7 5 
k,62,OR_gr-0.25,,-H_gr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IRgr+0.25,,-H_gr 
k,65,IRgr,,-H_gr+0.75 
k,66,IRgr,,-H_gr+T_gr

, interface of grapple ring with 

I outer chamfer 

Souter bottom surface 

I inner bottom surface 
, inner chamfer 
I inner top surface

I
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k,67,IR_grs,,-Hgr+T_gr 
support 
k,68,IR_grs,,-Hgr+0.75 

/com upper shell keypoints 
k,76,IR,,L_otc 
k, 77, OR, , L_otc

interface of grapple ring with 

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 
cm,swp_arcl,line 
lesize,swparcl,,,26,2.6 7 /1.5 ! 26 divisions on "swparcl"

lsel, none 
k,203,IR-7,,H_dsc/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 

/com 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+0.01,OR-0.01 
llist 
lesize, all,,, 2 
ksel, s, , 5, 6, 1 
lslk, s,l 
lesize, all, 2.5,,, 10 ( ksel,s,, ,7,8,1 
lslk, s,1

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

11

I r"VImAIU I;
U

AM .r- -f AIM_0A

U
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lesize,all,2.5,,, 0.1 
vdrag, all, , , , , , 1 
("swp-arcl") 
esize,0.5 
lines 
vmesh,all 
cm, alshell,area 
cm, vlshell,volume 
kselall

4" to 0.5" element size

'4" to 0.5" element size 
generate volume along line 1 

0.5" element height for unmeshed

/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 
isla, s ! lines contained in above areas 
vdrag,all,,,,,,l , generate volume along line 1 
("swparcl") 
vmesh, all 
vsel, none 
lsla, s ' lines contained in above areas 
v,26,22,kp(0,IR-1.4,0),kp(0,IR-I.4,0),28,32,kp(O,IR
.93,T obc),kp(0,IR-.93,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, 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(0,IR,T obc),42,43,kp(0,IR
.25,L_bplug),kp(0,IR-.25,L-bplug)

I;

U

I

AZU-t Of AZU-2-4

I
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esize,Tbplug/3 
vmesh, all 
cm, abotplug, area 
cm, vbotplug,volume 
ksel,all

! 3 elements thru plate

/com inner bottom cover plate elements 
lsel,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(O,IR-0.25,L_bplug),51,51,55, kp(0,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 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 1 
("swp_arcl") 
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,-H_gr+T_gr 
lesize,all,,, 2 
thickness

! select lines for dividing 
! 2 divisions thru support ring

C

I

I REVI:U:
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vdrag, all, ,, r , , 2 
("swp_arc2") 
esize,Tgrs 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup,volume

generate volume along line 2 

element height for unmeshed lines

/com grapple ring elements 
lsel,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,-H_gr+.l,-H_gr+.7 ! select lines for dividing 
lesize,all,,, 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, 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 
cover plate

! lower shell to weld to outer bottom 

& 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+.0l

I
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nsel,r,loc,z,Lbplug-.O1,L-ibc+.Ol 
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 
nsym, x,maxnode,all 
esym,,maxnode,all 

*do, i,1,7,1 
(bottom shell components) 

/gopr 
esel,s,type, ,i 
nsle 
nummrg,node 

*enddo

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry

/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,,l 
allsel,below, elem 
cm, contl,node 

esel,s,type,,2 
allsel,below,elem 
cm, cont2,node 

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

nodes of lower shell 

nodes of outer bottom cover plate 

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

U

/'ZU- I U 0 1 /"ZU'.LI

I REI=V3UN:

I I"FUJ :;
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nsel, r, loc, x, IR-0.26, IR-0.24 
csys, 0 
cm, cont4a, node 
.25

csys, 1

cartesian coordinates 
inner bottom cover plate nodes at IR-

! cylindrical coordinates

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

allsel,below,elem 
nsel,r,loc,z,T obc 
cm, targ32, node 
nodes

bottom shield plug circumferential 

bottom shield plug bottom surface

allsel,below,elem 
nsel,r, loc, z,L bplug 
nsel,u,loc,x,1l/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,L_bplug 
nsel,r,loc,x,ll/12*IR-.5,IR+.Ol ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes 
(w/o outer row)

csys, 0 ! cartesian coordinates

allsel 
! type,20

! real,201 
! gcgen,contl,targ3l,l 
shell 

real,202 
gcgen,cont2,targ32,1 

outer plate 
real,203 
gcgen,cont4,targ34,1 

inner plate 
! gcgen, cont4a,targ34a, l 
(outer ring)

generate contact elem btwn plug & 

generate contact elem btwn plug & 

generate contact elem btwn plug & 

gen contact btwn plug & inner pl

I.

.Z 1 I"aMI:: /'•ZU- I I OT t"ZUZ'Z4
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/com compress node and element numbering 
numcmp,node 
numcmp,elem 

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

nsel,s,loc,x,-.01,.0l 
d,all,ux,0 

model only!) 
! allsel

! symmetry about y-z plane (90 degree

/com end-of-shell boundary conditions 
nsel,s,loc,z,H dsc/2 ! shell ends at mid-height 
d,all,uz,0 restrain point at far end, away from 
grapple ring 

/com radial restraint along 2 longitudinal lines of shell nodes at 
perimeter 
nsel,s,loc,x,OR-.0l,OR+.0l 
nsel,r, loc, y,-.01,.01 
d,all,ux,0 I restrain a longitudinal line of nodes at 
x=OR 
csysl cylindrical 
nsel,s,loc,x,OR-.0l,OR+.0l 
nsel,r,loc,y,2.4,2.8 I mesh dependent 
nrotat,all 
d,all,ux,0 ! restrain a long. line of nodes 2" from 
symm. line 
csys,0 I cartesian 
allsel 

/com ux-couple shield plug & shell nodes along drop contact line 
/com valid for side loading only! 
nsel,s,loc,x,IR-.0l,IR+.01 
nsel,r,loc,y,-.0l,.0l 
nsel,r,loc,z,Tobc-0.3,Tobc+Tbplug/6 !6 is mesh dependent 
cp, next, ux, all 
nsel,s,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,-.0l,.01 
nsel,r,loc,z,Tobc+Tbplug/6,T_obc+T bplug/2 !6 & 2 are mesh 
dependent 
cp, next, ux, all 
nsel,s,loc,x,IR-.0l,IR+.01

I
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nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,Tobc+T_bplug/2,Lbplug-T_bplug/6 !2 & 6 are mesh 
dependent 
cp, next, ux, all 
nsel,s,loc,x,IR-.01,IR+.01 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,Lbplug-Tbplug/6,Lbplug+.01 !6 is mesh dependent 
cp, next, ux, all 

allsel 

/com uz couple a shield plug node to an inner cover plate node for 
stability 
/com ***** valid for independent grapple pull-out and side drop 

nsel, s, loc, x, 0, 0.1 
nsel, r, loc, y, 0,0.1 
nsel,r,loc,z,L_bplug-.01,L_bplug+.0l 
cp, next, uz, all 

allsel 

save 

fini 

stop=0 
*if, stop, eq, 0,then 

/solution 
antype, static 
eqslv,pcg, le-7 
nropt, auto 
pred, on,,on 
autots, on 
nlgeom, on 
neqit, 100 

/com load step 1 - 75g side drop on rail w/plasticity & nlgeom 
/title,24P-s DSC (Bot.End) 75g side drop on rail 
/com analysis parameters 
nsubst, 10,160 
acel, -75.  
lswrite 
save 
solve 
save

I
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lcom load step 2 - pin outer cover plate weld 
/title,24P-s DSC (Bot.End) 75g side drop on rail (outer cover 
pinned) 
nsubst,1,8 
esel,s,type, ,5 
nsle 
ekill,all ! kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
ealive,all ! unkill weld elements for 
postprocessing 
save 

fini 

*endif 

__/exit

/eof
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/batct~iist 
/ccn 
/ca-n ptp~rocssiriq input file for half (180 d~eg) mode~l of [BC shell, lzottcm endI 

file,4psid2, rst

/cxxn elEn-ent p lots 

/devicef vector, 1 
/nurn, 2 

/vp1-x 
/view,, -0. 2,-0.8,-0.5 
/type, 1, 4 

/shcoi, off 
/auto, 1

rsys, 1 

*do5,iset,1, 2 
/go) 
set, iset

/ojrn ESC Low~er Shiell Postl Pesults 
esel,s, type,, 1 
nsle 
nsel, r, lcc,x,OR-. 01,OR+. 01 
nsel, r, lcx,z, 0. 8;L ibc+5 
nsel,U, loc, y.0, 3 -! 

cmýouter, nod~e o 

nsel, r, 1cc, x, IR-. 01, IR+. 01 
n-sel,r,lc:,z,T tw4-.1,L ibc+5 
nsel, u, 1cc, y, 073 
an~, reminner, node I irnn 

4*get, xtond, node, ixl, 1c, x 
*get, 1t, toncde, 1ndic 

*gt zt, node, inxie, icc, x 

aLGA,s, outer I selg 

dsel s, Cx, y, incx 
nsel 'a,node,, ,cnoxe 
esin 

nsle 

prsect 
areel, s, renirrier !sel, 
nsel, u, node, , inode!u 
ai, r~ninaner, ~

plot to filIe 
tidin lower left corner 

vector plots 
nuxibers, no colors 
x-axis cbo~n

precise hidde~n 
Unselect, contact elEnrEnts 
plot elements 

disccnthmnue plots to file 
zomn - fit 

cylhirdrical coordinate systren 

cefine steps to postprcxess

~rsurface nodes 

~rsurface ncodes 

ctouter surface node~s 

etremaining inner surface nodes 
elect lpath riodes

A20-15 of0 A20-24

�1
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*efl~io 
/0=n 
/(xin shell adj acnt to CSC endi crrpments 
theta=5. 1719 
sf-l. .02325 
cltheta=-2. 5561*sf 

*do, i 3,2726+1 nodes 

nsle 
nsel, r, loc, y, theta-i, theta+l 
:nsel,r,loc, z,0,T cixc 
esln 
esel, r,type, , 1 
nsle 

inoderxx (TR, theta, T bw) 
crxdaqccd (ix, theta, OT 
nlist, irxode, cncze, oriccdinccde 

prsect 

*d, z .75/2,,.75, .75/2 
inocdexx (TR, theta, T bw) 
ocd-xe=ncce (OR, theta, i-z) 
ruist,' 1node, oncx~~nde-moie 
ipath, irncce, amdxe 

theta~theta-Fdtheta 
*er~cbendx i lccp

theta=-94 .550 
sf=-1/1. 02325 
dtheta-4 .550 

*~i1,26 !26 nod 

nsle 
nsel, r, lcc, y, theta-1, theta+1 
:nsel, r, icc, z, 0, T cix 
es~n 
e-sel , r, tj~e, , 1 
nsle 

ino&-nodx (IR, theta, T bw) 
onodexr (ix, theta, O'T 
nList, inode, a-Dd, onrd-einox 
ipath, irod,acxxie 
prsect 

*do~, i, .75/2, .75, .75/2 
inode=nxde (IR, theta, T bwj) 
cnxde=qoz (OR, theta, i-z) 

ipath, inoce, cr~d 
prsect 

dthetasf*cltheta 
theta--theta~dtheta 

*enddo en & i.  

A0nn 
/caxn shell at mid-height 
the-ta--5.1719

of gradkiated distribution

~sof gracbated distribuition

Locp
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sf-'1 .02325 
dtheta=-2 .5561*sf 

*ý,i3,27 26+1 r 
esel, 's, type, 11 
nsle 
rise]., r, lcc, y, theta-i, theta+l 
rise., r,icc, z, 0,H dsc/2-5,H dsc/2+. 01 
esin 

inode=node (IR, theta, H dsc/2) 
moroerxx (CR, theta, FFdsc/2) 

ipath, -rx, conod 

theta- theta4dtlheta 
*endd!end i

theta==94.550 
sf-'l/l. 02325 
dtheta-4 .550 

*C')' 1,2626 rKcd 
ese1,stype, , 1 

rise]., r, icc, y, theta-i, theta+1 
nsel,r,loc,z,0,H dsc/2-5,H dsc/2+.O1 
esin 
esgel, r. type, , 1 
risle 

mxincd~rx(IR, theta, H dsc/2) 
orixde=ncxe (OR, theta, }ffdsc/2) 
nlist, ' hmd, axx~, ondrd-irxde 
Ipath, incxxe, cncde 

dtetf*dtheta 
thr-ta -t±hta+dtheta 

*enddeaidi.

cces of graduated distribution

lccp

~sof graduated distribution

lcxp

/carn ESC Cuter Bottan Cover PlatE 

Ensel,r,type,z, 

risle 
nsel,r,loc'zTd,.0, kx+0 
isei, r,iloc, x, 0, R-0. 93 
a o er, node 

esi 
risele ,lc ,Tcc.0,Tc .0

Posti Results 

iter surfaoe nodes 

imer surfac3- nodes 

aict outer surface nodes

-I
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ni-ist,' incde, crxde, cnxde-inozde 

prsect 
arse1l, s, r=Lyker select remaining inner surface nodes 
nsel, u, node,, irxxe unselect ipath nicdes 
an, renner, node 

/oan outer co~ver plate adi acent to FBC eaxd cxxrponents 
theta==5. 1719 
sf=1 .02325 
odtheta==2. 5561*sf 
*cWi 3,27 !26+1 nodes of graduated distribution

.esel styper, ,2 
nsle 

esln 
esel, r, type, , 2 
nsle 

incdeýnd (IR-. 46, theta, 1. 19) 
onoxdncxe (IR-. 95, theta, 0) 
rnilst, mi-ode, onode, crdeiniode 
J1path, inode, conxe 
prsect 
ino&-cde=x (IR, theta T Lw) 
croenode~oe (iR-. 4 9, tfi1ý, 0) 
n]Jst, iode, omode, onode-inode 
1path, mnode, aonde 

el~f*dtheta 
theta--theta~dtheta 

*enddoend i loop

theta=-94 .550 
sf -1/1. 02325 
dthetaF=4 .550 
*&,1~,26 !2( 
weselstype, ,2 
nsle 
nsel,' r,1oc, ytheta-l, theta+l 
esln 
e-sel, r, tjpe ,2 
nsle 

inode=node (IR-. 46, theta,1. 19) 
onc~n odeý (IR-. 95, theta, 0) 
n~ist, nx~d, a~x~, amdenobde 
ipath, irxxe,acxdee 
prsect 
inxde=roxe(IR,theta T Lw) 

n~ist, inode, axd, mod-inod 
lpath, irnxde, amde 

dtheta--f *dtheta 
theta=theta~dtheta.

5 nodes of graduated distribuztion

-di i loop

/omr ESZ Cuter Bottan Cover Plate Weld Postl Results 
theta=-5. 1719 
sf-l. 02325 
dtheta=-2. 5561*sf 

* 3,2726+1 nodes of graduatE 
ese,s,type, ,5 
nsle

-REL

distribution
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arse1, s, reninner select renaminug 
nsel, u. ncde, . inaio unselect 1path n 

/o=x ESC Inner Bcottan Cover Plate Post1 Results 
esel, s,type,, 4 
nsle 
nsel,r,lcx,z,L bpluq-O,~b+0 
nsel,r,loc,x,IR-. 3,1+. 01 
nsel,r, loc,Yo, 0, 3 

nsel r loc,z,L bplug-.0l,L~bplug+.01 
ansei,u, ,unncceF 
Man uer, node outer surface n 

nsel r loc zL ibc-.01, L ibc+. 01 
arise1 , u, uncc 
an, remniner, node inner surface n 

ge, xtone, node, nb, 1ccx 
*t y1, tonode, 1ni 1c 

i*5-t (0, 0cx, Lcxi, cc, 

ýarie, s',outer !select cutersr 
crrcxiode (xt,.yt,L bplug) 
nsel, s, node,,. incx 
nsel,' a, node, ,crrcce 
esin 
esel,r,tyTe, ,4 
nsle 
arseel, u, unnodee 
esln, , 1 
nlist,' inoe,onde, cnode-imid 
ipath, inode, onode 
prsect 
cmsel, s, reminner !select remaining 
nsel,u,node,,inode unselect Ipathn 
an, reminner, rx

/cn DSC Grapple Ram~ Sur-ort Postl Results 
E~sel, s,tyeb 
nsle 
nsel, r, loc,x, CRgr-.01, Cfgr+.01 
aný cuter, node !outer suffaxE 

nsel, r, loc, x,TIR grs-. 01, IR grs+. 01 
an, reniner, rxxd . inner surfacE *qet,toftnoC, node,, count 
*Cr i, 1, totrxtde, 1 

*get, xt, node, inode, loc, x 
*gt, yt, node,hiode, icc, y 
Mg, zt, n Ide Ihxe,1 z 

are, s, cuter !select outer 
(U "t' Zt) 

nsel, a, node,, cnxde 
esin

inner surface nodies 
x~es

Jes 

Jes 

face nodes 

innrer surface nodes 
odes

surface nodes
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esel, r, type, , 6 
nsle 
nlist, inoxe, crice, oncde-inode 
ipath, inoce, cricxe 
prsect 
arsel, s, r~nirrner !select- remaimng inner surface nodes 
nsel, u, node, Ii, flde unselect lpath ncxes 

/cxrn CSC Grapple Ping Postl Results 
esel, s. type, .7 
nsle 
nsel, r,lcx, z, -H gr-.01, -H gr+.01 
nisel, r, lcc,x,T=gr-.1,IR_ýýrs+ 01 
=n outer, node !outer surface nodes 

nsel, r, loc, x.TR g-.l, IRýgrs+. 01 
cngndsj, g !nodes out to qraMpe ring su-jpprt IR 

es-Ln, , 1only elennts witbm grapple ring support IR 
nsel, r, lcx,z, -H gr+T gr -.01, -H qr+T__gr+.-01 
nsel, r, loc, x, Ifýgr- .7, IR_grs+.Ul 
an, reminner, nocVF inner surface nodes 

*qi, 1t, tonozl, 1x,1c 

*get, yt, nodie, incxie, 1cc, y 
*get zt node,inz loc, z 
Uxrb~nod s, t outer -H select all nodes out to grapple ring support IR 
oncxls,=rnod(teyt-H_ select outer surface nodes 
plist, inod, conoe,tcnxe-ixxi
ipathio, onode 

a Sel , rEFmnnýer !select remaining inner surface nodes 
nsel, U, node, F irnxde unselect ipath ncxies 

/ccmn Nodial Ebrors for Weld of Inner Battan Cover Plate 

loin bottom raw of nod~es 
esel,s, type, .,4 
nsle 
nsel,r, oc, x, IR-. 01, R+.01 
nsel, rf ocf,z',L tplug-. 01, L bpli.g+. 01 

..'.01, .01,0 - ! sum-aticr in cylindirical coordinate system 

nforce 
lain 
/amx mid raw of nodes 
nsle 
nsel, r, loc, x, IR-.1, IR+.1I 

.. f.01, .0r, - suumrticn in cylindrical coordinate system 

nforce 

r /ccn tcp raw of nodes 
Snsle 

ner, lcx, rk , TR+. 1
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s t,,.01, .01,0 ! stmmticn in cylindrical coordinate systeM 

nforce 

c•an Nodal Forces for Weld of Outer Bottan Cover Plate esel, s, type, ,2,5,3 
nsle 
nsel, r, loc, x, IR-. 01, IR+. 01 nsel, r, loc, z, T bwa-. 01, T bw+. 01 

.t,, .01,.f01, 0 - sumnation in cylindrical ooordinate systen 

nforce 

/clm Reaction Forces at Shell Mid-Height 
nsels,loc,z,H_dsc/2-.1,H_dsc/2+.1 
nlist 
prrsol, fz 

allsel 

/can Stress Plots 
/nun, 0 nunbers and aolors 
/device, vector, 0 raster plots 
ermnon, off dy,0 

i, file, , 0 ! plot to file 

/dscale,, 1 displacsit scale 

/nam all elements (excluding orntact elements) 
esel,u, tpe,,20 unselect contact elerants 
/view, .2,-0.8,-0.5 p lnsol, s, int, 0 !plot stress intensity 
/zoal I,rect,-0.94,0.60,0.0,-0. s80 
/auto, 1 ! zoan - fit 
/view, ,-0.2,-0.8,0.5 
/replct 
/zcan, 1, rect, -1. 02,0.71,-0.0 7 ,-0. 7 7 

/auto, 1 ! zoan - fit 

/can all elerents except ocntact elenents and shell elerents above rail 
esel, s, type,, 1 
nsle 
nsel, r, loc, y, 0, 3 

s u, type, 20 
a , u, unrxx esln,, 1 
/view' ,-0.2,-0.8,-0.5 
plnsol, s, int, 0 plot stress intensity Zzoan, 1, rect, -0. 94, 0. 60, 0.0,-0.80 
/auto, 1 ! zoom - fit 
/view,,-0.2,-0.8,0.5 Ireplot 
/zcani,lrect,-i.02,0.71,-0.07, -0.77 /auto, 1 ! zoam - fit 

/dscale,, 1 ! displaxrat scale 

/calt shell elerents •_esel, s, type,, 11 
/vinsle 
/view, ,-0. 2, -0.8,-0. 5
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plnsol, s, int, 0 plot 
/view, ,0.2,0.8,-0.5 
/replot 

/ccn shell elaemnts excluding those 
esel, s, type,, 1 
nsle 
nsel, u, lcc, y, 0, 3 
esln, , 1 /view, ,-0.2,-0.8,-0.5 
plnsoi, s, int, 0 plot 
/view,,0.2,0.8,-0.5 
/replot

/xam outer cover plate elemer 
esel,s, type, ,2 
nsle 
/view -0 2 -0.8,-0.5 
plnsoi,s, int,0 
view,,0.2,0.8, 0.5 /replot

Its 

! plot

stress intensity 

directly above rail

stress intensity 

stress intensity

/con outer cover plate elements excluding those in direct contact with shell 
esel,s,,type, ,2 
nsle 
nsel, r, icc, x, IR-. 01, IR+. 01 
nsel, r, loc, y, 0, 3 

ctisel, u, unnode 
esln,, 1 
/view ,-0.2,-0.8,-0.5 
plnsol, s, int, 0 ! plot stress intensity 
/view,, 0.2, 0.8, 0.5 
/replot 

/omn outer oover plate weld elements 
esel,s,type,, ,5 
nsle 
/view ,-0.2,-0.8,-0.5 
plnsol, s, int, 0 ! plot stress intensity 7view,, 0.2, 0.8, 0.5 
/replot 

/c•n shield plug elements 
esel,s,type, ,3 
nsle 

i,'s, int,0 !plot stress intensity 
7view,,0.2,0.8,0.5 
/replot 

/cmn irrer cover plate elerents eele's, type,, 4 
nsle /vie~w,, ,-0.2,-0.8,-0.5 
pn1sois, nt,0a ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/crm inner oover plate elerents excluding those in direct ountact with shell 
esel, s, type,, 4 
nsle 
nsel, r, loc, x, IR-. 3, IR+. 01
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nsel, r, loc, y, O, 3 
ar un-no~enc 
acsel, u, unncde 
esln,, 1 /view, ,-0.2,--0.8,-0.5 
plnsol, s, int, 0 plot stress intensity 
/view,,0.2,0.8,0.5 
/rePlot 

/ocrn grapple ring support elements 
esel, s, t-ye, , 6 
nsle
/view ,-0.2,-0.8,-0.5 

,~hsol, int, O plot stress intensity 
Mview, ,0.2,0.8,0.5 
/replot 

/com grapple ring elements esel S, tp, 7 
nsle /view, -0.2,-0.8,-0.5 
pinsol, s, int, 0 ! plot stress intensity 
Iview,,0.2,O.8,0.5 
/replot 

dsys, l 
*enddo ! end load step locp 

allsel 

fini 

exit, nosave
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Appendix A21 

ANSYS Analysis Run Summary and Input Listings for 
B24PSID3

I
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PSID3 (ana 

Date/Time: 4/25/00 7:13 P1 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP

Component Analyzed: 24P-FO DSC St 

Loads Considered: 75g side drop a 

Analysis Type: *Static 

Materials: *Linear _ 

Geometry: Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

lvsis) (1)

M 1

PB24PSD3 (Dostprocessina) (1)

4/26/20 7:52 AM -,

r. 4.0

1 450 MHz

*SOLUTION *POSTI 

tell Assembly: Shell and bottom end components

cceleration with internal pressure (2)

Thermal 

Non-Linear 

•Non-Linear

Other:

Contac49: 3-D point to surface contact

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: N_ Date: q__ loo___ 

Checked By: Date: 4/" : 
9tein IR. (t~b//e

C?
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B24PSID3.inp 

/batch, list 
/filname,b24psid3 
/title,24P-FO DSC Shell Assembly (Bottom End, 180 Degree Model) 
/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 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.OE+05,1e7/100 
r,203,1.0E+05,1e7/l00 
keyopt, 20,7,1

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

I 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 
I norm/tan stiffness of gap elem btwn plug & inner plate 

keyopt (7)=1

tref, 500

/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,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 I SA-240 Type 316 
nuxy, 1,0.29 
/com non-linear properties - Type 316 
etanl=.05 . slope of tangent modulus 
tb,bkin, 1,6 
tbtemp, 70 
tbdata,,30000,etanl*28.3E+06 cl=sy, c2=tangent modulus 
tbtemp, 200 
tbdata,,25800,etanl*27.6E+06 I cl=sy, c2=tangent modulus 
tbtemp, 300 
tbdata,,23300,etanl*27.OE+06 I cl=sy, c2=tangent modulus 
tbtemp, 400 
tbdata,,21400,etanl*26.5E+06 I cl=sy, c2=tangent modulus 
tbtemp, 500 
tbdata,,19900,etanl*25.8E+06 I cl=sy, c2=tangent modulus 
tbtemp, 600 
tbdata,,18800,etanl*25.3E+06 I cl=sy, c2=tangent modulus 

/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=186.17 

L otc=H dsc-0.12

cartesian coordinates 

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

! outer top cover plate location (top surface)
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T ibc=0.75 
T-bplug=6.25 
T obc=l.75 
T bw=0.625

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=l. 00 
H_gr=3.75 
T_grs=0.75 
IR grs=OR_gr-Tgrs 
OR load=8.74/2 

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

/com outer bottom cover 
! k,20,IR 
k,21,IR-0.49 
k,22,IR-l.4 
k,23,OR_gr 
k,24,IRgrs 
! k,25,OR load 
k,26,0,0,0 
! k,27,0,,T bw 
k,28,0,,Tobc 
! k,29,OR load,,T obc 
k,30,IR_grs,,T obc 
k,31,ORgr,,T obc 
k,32,IR-0.93,,T_obc 

/com bottom shield plug 
k,40,IR,,T obc 
k,41,0,,To•bc 
k,42,0,,Lbplug 
k,43,IR,,L bplug 
! k,43,IR-0.25,,L-bplug 

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

/com grapple ring keypoints 
k, 60, OR_gr,,-Hgr+Tgr 
k,61,OR_gr,,-H gr+0.75 
k,62,OR_gr-0.25,,-H_gr

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 

I mid-heght of DSC 
I mid-heght of DSC 

line up with KP5 
line up with KP4 
lower chamfer

plate keypoints 
! weld at inner radius of DSC 
weld interface at bottom surface 

outer radius of grapple ring 
inner radius of grapple ring 
! radius of the ram load 
center at bottom surface 
! center of plate, internal 
center at top surface 
! line up with KP25 
line up with KP24 
line up with KP23 
outer radius (chamfer) at top su 

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

plate keypoints 
I 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

rface

interface of grapple ring with support 
outer chamfer 
outer bottom surface

! ! 
!
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k,63,IR_grs-0.25,,-H_gr 
k,64,IRgr+0.25,,-Hgr 
k,65,IR_gr,,-H gr+0.75 
k, 66,IR_gr,,-H_gr+T_gr 
k,67,IR_grs,,-H_gr+Tgr 
k,68,IRgrs,,-H_gr+0.75 

/com upper shell keypoints 
k,76,IR+0.21,,L otc 
k,77,OR-0.19,,L otc 

k,76,IR,,L otc 
k,77,OR,,L-otc 

klist

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

shell inner top 
shell outer top 

shell inner top 
shell outer top

/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 
cm, swparcl,line 
lesize,swp_arcl,,,26,2.67/l.5 ! 26 divisions on "swparcl"

lsel, none 
k,203,IR-7,,H dsc/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 

/com 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,, ,5,6,1 
lslk, s,l 
! lesize,all,2.0,,,8 
lesize,all,2.5, ,,10 
ksel,s,,,7,8,1 
lslk, s,l 
! lesize,all,2.0,,,i/8 
lesize,all,2.5,,,0.l 
vdrag,all,,,,,,l 
esize, 0.5 
vmesh,all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all

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 
0.5" to 4" element size 
select central shell line (outer) 
lines containing selected keypoints 
! 4" to 0.5" element size 
4" to 0.5" element size 
generate volume along line 1 ("swp arcl") 

1 0.5" element height for unmeshed lines

/com outer bottom cover plate elements 
lsel,none
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asel,none 
vsel,none 
type, 2 
mat, 1 
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 ("swparcl") 
vmeshall 
vsel,none 
lsla,s lines contained in above areas 
v,26, 22kp(0,IR-l.4,0),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,l 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 

/com bottom shield plug elements 
lselnone 
asel,none 
vsel,none 
type, 3 
mat,2 
ldrag,40,43,,,,,2 generate lines along line 2 ("swparc2") 
v,41,40,kp(0,IRT-obc) ,kp(0,IRTobc),42, 43, kp(0,IR-.25, L-bplug) ,kp(0,IR-.25, Lbplug) 
esize,T_bplug/3 3 elements thru plate 
vmesh, all 
cm, abotplugarea 
cm, vbotplug, volume 

/com inner bottom cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 4 
mat, 1 
a, 50, 54, 55, 53 
vdragall,,,,,,l ! generate volume along line 1 ("swp arcl") 
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, afl 
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 
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 ("swp_arcl") 
vmesh, all 
cm, abotweld, area
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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,-H_gr+Tgr 
lesize,all,,, 2 
vdrag,all,,,,,,2 
esize,T_grs 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup,volume 

/com grapple ring elements 
lsel,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,-H_gr+.l,-Hgr+.7 
lesize,all,,, 1 
vdrag,all,,,,,,2 
esize,0.75 
vmesh, all 
cm, agraprngarea 
cm, vgraprngvolume

select lines for dividing 
2 divisions thru support ring thickness 
generate volume along line 2 ("swparc2") 
element height for unmeshed lines 

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,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-.0l,IR+.01 
nsel,r,loc,z,Lbplug-.01,Libc+.01 
nummrg,node ! upper & lower welds of inner bottom cover plate 

csys,0 ! cartesian coordinates 
allsel
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/com reflect quarter geometry to generate half model

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

*do, i,1,7,1 
/gopr 

esel,s,type,,i 
nsle 
nummrg,node 

*enddo

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (bottom shell components)

/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,,l 
allsel,below, elem 
cm, contl,node 

esel, s,type,,2 
allsel,below, elem 
cm, cont2,node 

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

nodes of lower shell 

nodes of outer bottom cover plate 

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 I cartesian coordinates 
cm, cont4a,node I 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 

allsel,below, elem 
nsel,r,loc,z,Tobc 
cm, targ32,node

bottom shield plug circumferential nodes 

bottom shield plug bottom surface nodes

allsel,below, elem 
nsel,r, loc, z,L_bplug 
nsel,u,loc,x,ll/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,x,ll/12*IR-.5,IR+.0l ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes (w/o outer row)
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! cartesian coordinatescsys, 0 

allsel 
type, 20 
real, 20

real,201 
gcgen, contl,targ3l,1 

real,202 
gcgen, cont2,targ32,1 
real,203 
gcgen, cont4,targ34,1 
gcgen, cont4a,targ34a,l 

/com compress node and 
numcmp,node 
numcmpelem 

/com specify symmetric 
nsel,s,loc,y,-.01,.0l 
d, all,uy, 0 
allsel

! generate contact elem btwn plug & shell 

generate contact elem btwn plug & outer plate 

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

element numbering 

boundary conditions 

! symmetry about x-z plane

/com end-of-shell boundary conditions 
nsel,s,loc,z,Hdsc/2 ! shell ends at mid-height 
d,all,uz,0 restrain point at far end, away from grapple ring 

/com radial restraint along 2 longitudinal lines of shell nodes at perimeter 
nsel,s,loc,x,OR-.01,OR+.01 
nsel,r,loc,y,-.01,.0l 
d,all,ux,0 ! restrain a longitudinal line of nodes at x=OR 
csysl I cylindrical 
nsel,s,loc,x,OR-.01,OR+.0l 
nsel,r,loc,y,2.4,2.8 I mesh dependent 
nrotat, all 
d,all,ux,0 I restrain a long. line of nodes 2" from symm. line 
csys,0 I cartesian 
allsel

/com ux-couple shield plug & shell nodes along 
/com valid for side loading only! 
nsel,s,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,y,-.01,.0l 
nsel,r,loc,z,T obc-0.3,T_obc+Tbplug/6 
cp,next, ux,all 
nsel,s,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,Tobc+Tbplug/6,T_obc+Tbplug/2 
cp,next, ux,all 
nsel,s,loc,x, IR-.01, IR+.01 

nsel,r,loc,y,-.01,.0l 
nsel,r,loc, z, T_obc+Tbplug/2,L_bplug-T-bplug/6 
cp, next, ux, all 
nsel,s,loc,x,IR-.0l,IR+.01 
nsel,r,loc,y,-.01,.01 
nselir,loc,z,L_bplug-Tbplug/6,Lbplug+.01 
cp,next, ux,all

drop contact line 

!6 is mesh dependent 

!6 & 2 are mesh dependent 

!2 & 6 are mesh dependent 

!6 is mesh dependent

allsel 

/com uz couple a shield plug node to an inner cover plate node for stability 
/com ***** valid for independent grapple pull-out and side drop ! *******

-J

(4
im
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nsel,s, loc,x,0,0.1 
nsel, r, loc, y, 0,0.1 
nsel,r,loc,z,Lbplug-.01,Lbplug+.0l 
cp,next,uz,all 

allsel 

save 

fini 

/solution 
antype, static 
eqslv,pcg, le-7 
nropt,auto 
pred, on,,on 
autots,on 
nlgeom, on 
neqit,100 

/com load step 1 - (75g+20psi)/2000 side drop on rail w/plast. & nlgeom 
/title,24P-FO DSC (Bot.End) (75g+20psi)/2000 side drop on rail 
/com analysis parameters 
nsubst,1,8 
acel,-75/2000 
csysl I cylindrical coordinates 
nsel,s,loc,z,Libc-.01,Hdsc/2 
nsel,r, loc,x,0, IR+.01 
sf,all,pres,20/2000 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - (75g+20psi)/10 side drop on rail w/plast. & nlgeom 
/title,24P-FO DSC (Bot.End) (75g+20psi)/10 side drop on rail 
/com analysis parameters 
nsubst,1,8 
r,202,1e6,1e7/100 
r,203,1e6,1e7/100 
acel,-75/10 
csysl ! cylindrical coordinates 
nsel,s,loc,z, L_ibc-.01,H_dsc/2 
nsel, r, loc, x, 0, IR+. 01 
sf, all, pres, 2 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 3 - 75g+20psi side drop on rail w/plasticity & nlgeom 
/title,24P-FO DSC (Bot.End) 75g+20psi side drop on rail 
/com analysis parameters 
risubst, 8,50 
r,202,1e7,1e7/100 
r,203,1e7,1e7/100 
acel,-75.  
csysl ! cylindrical coordinates Snsel,s,loc,z,Libc-.01,Hdsc/2 
nsel, r, loc,x,0, IR+.01
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sf,all,pres,20 
csys,O cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 4 - 75g+20psi side drop on rail w/plasticity & nlgeom (outer cover pinned) 
/title,24P-FO DSC (Bot.End) 75g+20psi side drop on rail (outer cover pinned) 
/com analysis parameters 
nsubst,1,8 
esel,s,type,,5 
nsle 
ekill,all kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
ealive,all 
save 

fini 

/exit 

/eof
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PB24PSD3.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com side drop + internal pressure 
resume,b24psid3,db 
/postl 
file,b24psid3,rst 

/com element plots 
/show,pb24psd3,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I 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,l 

*do,iset,3,4 I define steps to postprocess 
/go 
set, iset 

/com DSC Lower Shell Postl Results 
esel,s,type,,l 
nsle 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel,r,loc,z,0.8,Libc+5 
nsel,u,loc,y,0,3 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,T bw+.l,L ibc+5 
nsel, u, loc, y, 0,3 
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, 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 
nsle 
nlist,inode,onode, onode-inode 
bpath, inde, 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 
/Com 
/com shell adjacent to DSC end components 
theta=5.1719 
sf=1.02325 
dtheta=2.5561*sf 
*doi,3,27 26+1 nodes 
eselstype,,l 
nsle 
nselrlocytheta-ltheta+l 
nselrloczt0,Tobc 
esln 
eselrtypeti 
nsle 
*doixIR+.21,OR-.25,OR-.25-(IR+.21) 
inode=node(IRthetaTbw) 
onode=node(ixthetaO) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doiz,.75/2,.75,.75/2 
inode=node(IRthetaTbw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end i loop

of graduated distribution

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 
esel, s . type, , I 
nsle 
nselrlocytheta-ltheta+l 
nselrloczOT-obc 
esln 
esel, r. type, , 1 
nsle 
*doixIR+.21,OR-.25,OR-.25-(IR+.21) 
inode=node(IRthetaT bw) 
onode=node(ixtheta,07 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doiz,.75/2,.75,.75/2 
inode=node(IRthetaT bw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i

es of graduated distribution

loop

/Com 
/com. shell at mid-height 
theta=5.1719
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sf=1.02325 
dtheta=2.5561*sf 
*doi,3,27 26+1 n 
eselstype,,l 
nsle 
nselrlocytheta-ltheta+l 
nselrloczOH-dsc/2-5,H-dsc/2+.Ol 
esln 
eselrtype,,l 
nsle 
inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i 

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 
eselstype,,l 
nsle 
nselrlocytheta-ltheta+l 
nselrloczOH-dsc/2-5,H-dsc/2+.Ol 
esln 
eselrtype,.l 
nsle 
inode=node(IR.thetaH-dsc/2) 
onode=node(ORthetaH dsc/2) 
nlistinodeonodeono'de-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i

)des of graduated distribution

loop

es of graduated distribution

loop

/com DSC Outer Bottom Cover Plate Postl Results -------------------------------

eselstype,,2 
nsle 
nselrloczO 
nselrlocx,0,IR-l.3 
cmouternode outer surface nodes 
nsle 
nselrloczT-obc-.01,T-obc+.Ol 
nselrlocxOIR-0.9 
cmreminnernode inner surface nodes 

*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOT obc) 
*getxtnodeinoZieloc'x 
*getytnodeinodelocy 
*getztnodeinodelocz 
cmselsouter select outer surface nodes 

onode=node(xtytO) 
nselsnode,,inode 
nselanode,,onode 
esln 
esel, r. type, . 2 
nsle

I REVISION:
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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 
/com outer cover plate adjacent to DSC end components 
theta=5.1719 
sf=l.02325 
dtheta=2.5561*sf 
*do,i,3,27 I 26+1 nodes of graduated distribution 
esel,s,type,,2 
nsle 
nsel, r, loc, y, theta-l, theta+l 
esln 
esel, r, type,, 2 
nsle 

inode=node(IR-.46,theta,l.19) 
onode=node(IR-.95, theta,0) 
nlist, inode,onode,onode-inode 
lpath, inodeonode 
prsect 
inode=node(IR, theta,T bw) 
onode=node(IR-.49,theta, 0) 
nlist,inode, onode,onode-inode 
lpath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo I end i loop

theta=94.550 
sf=i/i.02325 
dtheta=4.550 
*do,i,i,26 2( 
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, inode,onode, onode-inode 
lpath, inode,onode 
prsect 
inode=node(IR, theta,T bw) 
onode=node(IR-.49,theta,0) 
nlist,inode,onode, onode-inode 
lpath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo ez

nodes of graduated distribution

id i loop

•/com DSC Outer Bottom Cover Plate Weld Postl 
theta=5.1719 
sf=i.02325 
dtheta=2.5561*sf 
*do,i,3,27 I 26+1 nodes of 
esel, s, type,,5 
nsle

Results----------------------------

graduated distribution
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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 
dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end i loop

theta=94.550 
sf=i/i.02325 
dtheta=4.550 
*do,i,i,26 26 
esel, s, 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,T bw) 
onode=node(ix, theta,0) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo en

nodes of graduated distribution

d i 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 outer surface nodes 
nsle 
nsel,r,loc,z,Lbplug-.01,Lbplug+.0l 
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,node,inode, loc,z 

cmsels,outer 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 
lpath, inode,onode 
prsect

I
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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 
nsle 
nsel,r,loc,z,L_bplug-.01,L_ibc+.0l 
nsel,r,loc,x,IR-.3,IR+.0l 
nsel, r, loc, y, 0,3 
cm, unnodenode 
nsle 
nsel,r,loc,z,Lbplug-.01,L_bplug+.0l 
cmsel,u,unnode 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Libc-.01,Libc+.0l 
cmsel,u,unnode 
cm, reminner,node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L ibc) 
*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 
cmsel, u, unnode 
esln,,l 
nlist,inode,onode,onode-inode 
bpath, inode,onode 
prsect 
cmsel,s,reminner I 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 
nsel,r,loc,x,OR_gr-.01,OR_gr+.0l 
cm,outernode ! outer surface nodes 
nsle 
nsel,r,loc,x,IRgrs-.01,IR_grs+.O1 
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, inode,loc, y 
*get, zt, node, inode, loc,z 

cmsel,s,outer I select outer surface nodes 
onode=node(ORgr, yt,zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esbn
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esel, r,type, , 6 
nsle 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Grapple Ring Postl Results--------------------------------------------
esel,s,type,,7 
nsle 
nsel,r,loc,z,-H_gr-.01,-H_gr+.Ol 
nsel,r,loc,x,IR_gr-.l,IRgrs+.01 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IRgr-.01,IRgrs+.0l 
cm,grnodes,node nodes out to grapple ring support IR 
esln,,l only elements within grapple ring support IR 
nsel,r,loc,z,-Hgr+T_gr-.01,-H_gr+T_gr+.01 
nsel,r,loc,x,IRgr-.l,IR-grs+.01 
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, 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,-H_gr) 
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 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,Lbplug-.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-.1,IR+.l 
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-.1,IR+.l 
nsel,r,loc,z,Libc-.1,Libc+.l
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spoint,,.01,.01,0 I 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-.0l,IR+.Ol 
nsel,r,loc,z,T bw-.0l,T bw+.0l 
spoint,,.01,.01,O - summation in cylindrical coordinate system 
nlist 
nforce 

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

all sel 

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

/dscale,,l displacement scale 

/com all elements (excluding contact elements) 
esel,utype,,20 I unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I 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 

/com all elements except contact elements and shell elements above rail 
esel, s,type,,l 
nsle 
nsel, r, loc, y, 0,3 
cm, unnode,node 
allsel 
esel,u, type,,20 
cmsel,u, unnode 
esln,,l 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I plot stress intensity 
/zoom,l,rect,-0.94,0.60,0.0,-0.80 
/auto,l I 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,,l I displacement scale 

/com shell elements 
esel,s,type,,l 
nsle 
/view,,-0.2,-0.8,-0.5

I
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plnsol,s,int,0 I plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/com shell elements excluding those directly above rail 
esel,s,type,,l 
nsle 
nsel, u, loc, y, 0,3 
esln,,l 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I 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 I plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements excluding those in direct contact with shell 
esel,s,type,,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,y,0,3 
cm, unnode, node 
nsle 
cmsel, u, unnode 
esln,,l 
/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 weld elements 
esel,stype,,5 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I 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,0 plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

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

/com inner cover plate elements excluding those in direct contact with shell 
esel,s,type,,4 
nsle 
nsel,r,loc,x,IR-.3,IR+.01

*�1
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nsel, r, loc, y, 0,3 
cm, unnode,node 
nsle 
cmsel,u,unnode 
esln,,l 
/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,int,O ! plot stress intensity 
/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 plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

end load step loop

exit,nosave
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PTH (analysi 

Date/Time: 6/14/00 3:29 PNv 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver.  

CPU: Dual Pentium-Ill 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC She 

Loads Considered: Thermal load cas 

Analysis Type: *Static *1 

Materials: *_Linear __ 

Geometry: -Linear _1_ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

s (1) PB24PTH ( postprocessing) (1)

6/14/00 7:54 PM

4.0

450 MHz

*SOLUTION *POST1 

=11 Assembly: Shell and bottom end components

es (2)

thermal 

4lon-Linear 

•lon-Linear

-Other:

Contac49: 3-D point to surface contact

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

Stfv6n R. Wtfeutker LV'

Date: __(____ 

Date: _4:'
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B24PTH. inp 

/batch, list 
/filname,b24pth 
/title,24P-FO DSC Shell Assembly (Bottom End, 180 Degree Model) 
/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+06 
r,202,1.0E+06,1E7/l00 
r,203,1.0E+06,1E7/100 
keyopt,20,7,1 

tref, 70

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

I 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 

- maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
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+06,25.8E+06,25.3E+06 ! SA-240 Type 316 
mpdata,alpx,l,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 
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-06,7.1 7 E-06 
nuxy,2,0.29 

csys,0 I 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 
Tbplug=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=T bplug+T_obc ! bottom shield plug location (top surface) 
L_ibc=Tibc+Tbplug+Tobc ! inner bottom cover plate location (top surface)

ORgr=8.0 
IRgr=5.0 
T_gr=l. 00 
H_gr=3.75 
T-grs=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

! ! 
! 
!

! ! 
! 
!
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IRgrs=OR-gr-Tgrs 
OR load=8.74/2 

/com lower shell keypoints 
k, l,OR-0.25 
k,2, IR+0.21 
k,3,IR,,T bw 
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,, Libc 
k,9,OR,,L-bplug 
k, 10, OR, ,O. 75

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 I outer radius of grapple ring 
k,24,IRgrs 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,IRgrs,,T obc I line up with KP24 
k,31,OR-gr,,Tobc I line up with KP23 
k,32,IR-0.93,,T obc I outer radius (chamfer) at top surface 

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

/com inner bottom cover plate keypoints 
k,50,IR,,Lbplug I outer radius at bottom surface 
k,51,0,,L_bplug I 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 I radius of shield plug contact 
k,55,IR-0.25,,L_ibc I line up with KP54

/com grapple ring keypoints 
k,60,OR_gr,,-H_gr+T_gr 
k,61,OR_gr,,-H_gr+0.75 
k,62,ORgr-0.25,,-H_gr 
k,63,IR_grs-0.25,,-H_gr 
k, 64,IR gr+0.25,,-Hgr 
k,65,IR_gr,,-H_gr+0.75 
k,66, IRgr,,-Hgr+T_gr 
k,67,IRgrs,,-H gr+T_gr 
k,68,IRgrs,,-H_gr+0.75 

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

interface of grapple ring with support 
outer chamfer 
outer bottom surface 

inner bottom surface 
inner chamfer 
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
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larc, 201,202,200, IR-5 
cm, swp arcl,line 
lesizeswp_arcl,,,26,1 

isel, none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H dsc/2 
larc, 203,204,200,IR-7 
cm, swp arc2,line 
lesizeswparc2,, ,12,1 
allsel 

/com lower shell elements 
lsel,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, ,,5,6,1 
lslk, s,l 
lesize,all,2.5, ,, 10 
ksel,s,,,7,8,1 
lslk, s,l 
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 "swparcl" 

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 ("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-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 I generate volume along line 1 ("swparcl") 
vmesh,all 
vsel,none 
lsla,s I lines contained in above areas 
v,26,22,kp(0,IR-l.4,0),kp(0,IR-l.4,0),28,32,kp(0,IR-.93,T obc),kp(0,IR-.93,T obc) 
ksel,s,,,26,28,2 I 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, voutbot,volume 
ksel, all

/com bottom shield plug elements
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isel,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") 
v4, 4 0,kp(0,IRT-obc) ,kp(0,IRT-obc),42, 43, kp(0,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 

/com inner bottom cover plate elements 
lsel,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(O,IR-0.25,L_bplug),51,51,55,kp(O,IR-0.25,Libc),52,52 
esize,T ibc/2 2 elements thru plate 
vmesh,all 
cm, ainbot,area 
cm, vinbot,volume 
kselall 

/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,,,2,0.4 9 /0. 2 1 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,-H_gr+Tgr ! 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

/com grapple ring elements 
lsel,none 
asel,none 
vsel,none 
type, 7 
mat, l

A-tJ 0T AZ/--1
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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+.l,-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 

/com merge nodes for material continuity

esel,s,type,,l,2,l 
esel,atype,,5,7,1 
allselbelowelem 
nummrg,node 

allsel

! lower shell to weld to outer bottom cover plate 
& 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)

csys, 1 ! cylindrical coordinates

esel,s, type,,l,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,L_bplug-.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 get maximum node number 
nsym,x,maxnode,all reflect all nodes 
esym,,maxnode,all reflect all elements

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

*enddo 

esel,s,type,,11 
nsle 
nummrg,node 

esel,s,type,,20 
nsle 
nummrg, node 
nummrg, elem

merge nodes at line of symmetry (bottom shell components) 

merge nodes at line of symmetry (upper shell) 

merge coincident contact nodes (if any) 
merge coincident contact elements (if any)

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

0
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! tie together grapple to outer bottom cover

/com define contact elements 
/com bottom end plates

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

esel,s,type,,2 
allsel,below, elem 
cm, cont2,node 

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

/com inner bottom cover plat 
esel,s,type,,4 
allsel,below, elem 
csysl 
nsel,r,loc,x, IR-0.26,IR-0.24 
csys,0 
cm, cont4a,node 

csysl

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

allsel,below,elem 
nsel,r,loc,z,Tobc 
cm, targ32,node

nodes of lower shell 

nodes of outer bottom cover plate 

I nodes of inner bottom cover plate 

enodes at IR-.25 

inner bottom cover plate nodes at IR-.25 

I cylindrical coordinates

bottom shield plug circumferential nodes 

bottom shield plug bottom surface nodes

allsel,below,elem 
nsel,r,loc,z,L bplug 
nsel,u,loc,x,lf/12*IR+.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 
allselbelow,elem 
nsel,r,loc,z,Lbplug 
nsel,r,loc,x,l/l2*IR-.5,IR+.0l ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes (w/o outer row)

csys, 0 ! cartesian coordinates

allsel 
type, 20 

real, 201 
gcgen,contl,targ3l,1 

real,202 
gcgen, cont2,targ32,1 
real,203 
gcgen, cont4,targ34,1 
gcgen, cont4a,targ34a, l 

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

! generate contact elem btwn plug & shell 

! generate contact elem btwn plug & outer plate 

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

element numbering

/com specify symmetric boundary conditions

ceintf

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

!nsel,s,loc,x,-.0l,.0l 
!d,all,ux,0 symmetry about y-z plane (90 degree model only!) 
!allsel 

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

/com ux couple shield plug to DSC shell for stability (one location) 
/com ********* valid only for temp & internal pressure 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+.0l 
cp,next,ux,all 
alls 

vclear,7 
esel,s,type,,3 
edele,all 
esel,s,type,,20 
edele,all 

save 

fini 

/solution 

/com analysis parameters 
antype, static 
nroptauto 
neqit,50 
pred, on,,on 
autots,on 
nlgeom, on 
eqslv,pcg, le-7 

/com Temperature Case 7, -40 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temperature Case 7, -40 deg Ambient 
nsubst,1,8 
csysl 

/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 

!/gopr 
X tnode=node(0,0,0) 

*get,xt,node,tnode,loc,x 
*get,ytdeg,node,tnode,loc,y
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*get, zt,node, tnode, loc, z 

yt=(180-ytdeg)*3.14156/180 
ntemp=-74.39*yt+379.6 
bf, tnode, temp,ntemp 
nsel,u, node,,tnode 

*enddo 

/com Define temps for DSC shell below active fuel region 
esel,s,type,,l 
nsle 
nsel, r, 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 
*get,ytdeg,node,tnode, loc, y 
*get,zt,node,tnode,loc, z 

yt=(180-ytdeg)*3.14156/180 
ntemp=5.38*zt-.306*yt*zt-69.65*yt+296.2 
bf, tnode,temp,ntemp 
nsel,u,node,,tnode 

*enddo 

/com Define temps for Cover Plates, Weld & Grapple Ring 
esel,s,type,,2,7,l 
nsle 
*get,totnode,node,,count 
*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 

yt=(180-ytdeg)*3.14156/180 
ntempl=.1221*zt*xt-.0093*yt*zt*xt 
ntemp2=-2.1106*yt*xt-.816*xt+l.35*zt+3

2 3 .1 
ntemp=ntempl+ntemp2 
bf, tnode,temp,ntemp 
nsel,u,node,,tnode 

*enddo 

allsel 
csys,0 

lswrite ! end of load step 3 
save 

solve 
save 

/com Temperature Case 8, 100 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temperature Case 8, 100 deg Ambient 
nsubst,1,8 
csysl 

/com Define temps for DSC shell in active fuel region 
esel,s,type,,l 
nsle 

Sj nsel,r,loc,z,15.5,159.5 
*get, totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node (0,0,0)
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*get,xt,node,tnode, loc,x 
*get,ytdeg, node,tnodeloc, y 
*get,zt,node, tnode, loc, z 

yt=(180-ytdeg)*3.14156/180 
ntemp=-60.05*yt+439.5 
bf, tnode,temp,ntemp 
nsel,u, node,,tnode 

*enddo 

/com Define temps for DSC shell below active fuel region 
esel,s,type,,l 
nsle 
nsel,r, loc, z,0,15.5 
*gettotnode,node,,count 
*DO, i,l,totnode,l 

!/gopr 
tnode=node(0,0,0) 
*get,xtnode,tnode,loc,x 
*get, ytdeg,node,tnode, loc, y 
*get, zt,node,tnode, loc, z 

yt=(180-ytdeg)*3.14156/180 
ntemp=4.875*zt-.3992*yt*zt-53.86*yt+ 3 63 . 9 

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

*enddo 

/com Define temps for Cover Plates, Weld & Grapple Ring 
esel,s,type,,2,7,1 
nsle 
*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 
*get, ztnode,tnode, loc, z 

yt=(180-ytdeg)*3.14156/180 
ntempl=.10608*zt*xt-.012098*yt*zt*xt 
ntemp2=-l.632*yt*xt-.7924*xt+1.3 7 5*zt+3 90.1 
ntemp=ntempl+ntemp2 
bf,tnodetemp,ntemp 
nsel,u,node,,tnode 

*enddo 

allsel 
csys,0 

lswrite end of load step 4 
save 

solve 
save 

/com Temperature Case 15, -40 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temperature Case 15, -40 deg Ambient 
nsubst,1,8 
csysl 

/com read input from thermal results file 
ldread, temp, l,,,,b24therm,rth,t:\fo-dsc\NewANSYS\bot\ 

lswrite end of load step 5 
save
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solve 
save 

/com Temperature Case 16, 104 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temperature Case 16, 104 deg Ambient 
nsubst, 1,8 
csysl 

/com read input from thermal results file 
ldread,temp,2,,,,b24therm,rth,t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys,0 

lswrite ! end of load step 6 
save 

solve 
save 

fini 

/exit

/eof
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PB24PTH.inp 

/batch, list 
/com 

/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com thermal loads 
resume,b24pth,db 
/postl 
file,b24pth, rst 

/com element plots 
/show,pb24pth,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,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 1 plot elements 
/zoom,l,rect,-0.94,0. 6 0,0.0,-0. 8 0 

/show, off discontinue plots to file 
/auto,l zoom - fit

csysl cylindrical coordinate system 
dsys,l 
rsys,l

*do, iset, 1,7 
/go 
set, iset

define steps to postprocess

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

!/gopr 
inode=node(0,0,0) 
*get,xt,node, inode,loc,x 
*get,yt,node, inode,loc,y 
*get,zt,node, inode,loc, z 

cmsels,outer se 
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 s( 
nsel,u,node,,inode I ur 
cm, reminner, node 

*enddo 
/com

iter surface nodes 

kner surface nodes 

elect outer surface nodes 

elect remaining inner surface nodes 
iselect lpath nodes

I
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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, , 1 
nsle 

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

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

inode=node(IR, theta,T bw) 
onode=node(OR, theta, iz) 
nlist,inode, onode, onode-inode 
lpath, inode, onode 
prsect 

*enddo 
/comr 
/com shell at mid-height 

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

*enddo ! theta loop

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

!/gopr 
inode=node(0,0,T obc) 
*get,xt,node, inode,loc,x 
*get,yt,node, inode,loc,y 
*get,zt,node, inode,loc, z 

cmsel,s,outer select outer surface nc 
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, inode, onode 
prsect 
cmsel,s,reminner select remaining inner 
nsel,u,node,,inode unselect lpath nodes 
cm, reminner, node 

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

des

surface nodes
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*do,theta,0,180,90/26 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,l.19) 
onode=node(IR-.95,theta, 0) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR, theta,T bw) 
onode=node(IR-.49,theta, 0) 
nlist,inode,onode,onode-inode 
ipath, 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, stype,,5 
nsle 
nsel, r, loc, y, theta-l,theta+l 
esln 
esel, r, type, , 5 
nsle 

ý *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,z,Tobc-.01,Tobc+.Ol 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,L_bplug-.01,Lbplug+.0l 
cm, reminner,node I 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,T obc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln I select elem attached to nodes twice to capture 3 thru thickness 
esel,r, type, ,3 

pl- nsle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes

I
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nsel,u,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,Lbplug-.01,L_bplug+.0l 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Libc-.01,Libc+.0l 
cm, reminner,node inner surface nodes 
*get,totnodenode,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L ibc) 
*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, inode,onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect ipath nodes 
cm, reminner,node 

*enddo 

/com DSC Grapple Ring Support Postl Results 
esel,s,type,,6 
nsle 
nsel,r,loc,x,OR_gr-.01,OR_gr+.0l 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IRgrs-.01,IRgrs+.0l 
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, 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 
ipath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect lpath nodes 

S~cm, reminner,node 
*enddo
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/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,IR_gr-.i,IRgrs+.0l 
cm, outer,node I outer surface nodes 
nsle 
nsel,r,loc,x,IR_gr-.01,IRgrs+.0l 
cm, grnodes,node I nodes out to grapple ring support IR 
esln,,l I only elements within grapple ring sup 

nsel,r,loc,z,-H_gr+Tgr-.01,-H_gr+T_gr+.0l 
nsel,r,loc,x,IR_gr-.l,IRgrs+.0l 
cm, reminner, node I inner surface nodes 
*gettotnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,0) 
*get,xt,nodeinode, loc,x 
*get,yt, node,inode, loc,y 
*get,zt, node, inode, loc, z 

cmsel,s,outer I select all nodes out to grapple ring 
onode=node(xt,yt,-H-gr) 
cmsel,s,grnodes I select outer surface nodes 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

*enddo

port IR

support IR

/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+.Ol 
nsel,r,loc, z,L_bplug-.01,L_bplug+.0l 
spoint,,.01,.01,0 I 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,Lbplug+.l,L-ibc-.l 
spoint,,.01,.01,O I 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,L ibc-.l,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+.0l 
nsel,r,loc,z,T bw-.01,T bw+.0l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system

I REVIIOUN: U
I)OJC NO:~ SCE-01

•AI i•.lll ATIt•N NO" P%44- I 1 0[1 A44- IV•I IPac=I=
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nforce 

/com Reaction Forces at Shell Mid-Height---------------------------------------
nsel,s,loc,z,H_dsc/2-.i,H_dsc/2+.1
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,,l,10 ! edge plot

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,bfe,temp plot temperature distribution 
plnsol,s,int,0 plot stress intensity 
/zoom, l,rect,-0.94,0.60,0.0,-0. 8 0 
/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-l.02,0. 7 1,-0.07,-0. 7 7

/auto, 1

/dscale, , 1

! zoom - fit

! displacement scale

/com shell elements 
esel,s,type,,l 
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 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,s,int,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

ld elements 

plot stress intensity 

plot stress intensity
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/replot 

/com inner cover plate elements 
esel,s,type,,4 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,O.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,int,O plot stress intensity 
/view,,O.2,0.8,0.5 
/replot 

/com grapple ring elements 
esels,type,,7 
nsle 
/view,,-0.2,-O.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,O.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! end load step loop

exit,nosave

-I

U
PROJECT NO:

I=
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PTH2 (anal• 

Date/Time: 6/14/00 3:27 P1 

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: Thermal load ca 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

isis) (") PB24PTH2 ( postprocessin-q) (1)

6/14/00 5:57 PM

r. 4.0

I 450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and bottom end components

ses (2)

_Thermal 

Non-Linear 

Non-Linear

-Other:

Contac49: 3-D point to surface contact

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 Date: C__(Iq(a_ 
Micha ohe/ 

Checked By: :7 Date: 
4fever'R. tirgutker

p

M

A
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B24PTH2. inp 

/batch, list 
/filname, b24pth2 
/title,24P-FO DSC Shell Assembly (Bottom End, 180 Degree Model) 
/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+06 
r,202,1.0E+05,1E6/l00 
r,203,1.0E+05,1E6/l00 
keyopt,20,7,1 

tref, 70

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

1 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 

maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 

mptemp, 1,70,200,300,400,500,600 
dens, 1,493/1728 
mpdata,ex, 1,1,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 ! SA-240 Type 316 

mpdata,alpx,l,l,0,8.76E-06,8.97E-06,9.21E-0
6 , 9 . 4 2 E-0 6 , 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+06,28.8E+06,28.3E+06,27.7E+06,2

7 .3E+0 6 , 2 6 . 7 E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,

6 .91E-06, 7 . 1 7 E-06 
nuxy, 2,0.29 

csys,0 I 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 

I outer bottom cover plate thickness 
thickness of outer bottom cover plate weld

L_bplug=T bplug+T_obc ! bottom shield plug location (top surface) 
L-ibc=T-ibc+T-bplug+T-obc ! 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 
height of the grapple ring 
thickness of the grapple ring support

OR_gr=8.0 
IR_gr=5.0 
T_gr=l. 00 
H_gr=3.75 
T_grs=0.75

SC..0.. I

U

! ! 
! 
!



TRANSNUCLEAR, INC.  
STN WEST

I PROJECT NO: 
CALCULATION NO:

SCE-01 REVISION:
SCE-01.0204 I PAGE:

0
A23-4 of A23-18

IR grs=OR_gr-T_grs 
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, , L-bplug 
k,5,IR,,L ibc 
k, 6, IR, ,Hdsc/2 
k,7,OR,,H_dsc/2 
k, 8,OR,,L ibc 
k,9,OR,,L-bplug 
k, 10, OR, ,O.75

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,26,0,6,0 I center at bottom surface 
k,28,0,,T_obc I center at top surface 
k,30,IR_grs,,Tobc ! line up with KP24 
k, 31,OR gr,,T obc I line up with KP23 
k,32,IR-0.93,,T obc I outer radius (chamfer) at top surface 

/com bottom shield plug keypoints 
k,40,IR,,T obc 1 outer radius at bottom surface 
k,41,0,,T_obc I center at bottom surface 
k,42,0,,Lbplug I center at top surface 
k,43,IR,,Lbplug I outer radius at top surface 

/com inner bottom cover plate keypoints 
k,50,IR,,Lbplug I outer radius at bottom surface 
k, 51,0,,L_bplug I center radius at bottom surface 
k,52,0,,Libc I center radius at top surface 
k,53,IR,,L ibc outer radius at top surface 
k,54,IR-O.25,,Lbplug I radius of shield plug contact 
k,55,IR-0.25,,L ibc I line up with KP54

/com grapple ring keypoints 
k,60,ORgr,,-H_gr+T_gr 
k,61,OR_gr,,-H_gr+0.75 
k,62,OR gr-0.25,,-H_gr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IR_gr+0.25,,-H_gr 
k,65,IR_gr,,-H_gr+0.75 
k,66,IR_gr,,-H_gr+Tgr 
k,67,IR grs,,-H_gr+Tgr 
k, 68, IR grs, ,-Hgr+0.75 

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

klist

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

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

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

! 
! 

? 

?
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larc, 201,202,200, IR-5 
cm, swp-arcl,line 
lesize,swp-arcl,,,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, swparc2,line 
lesize, swp arc2,,,12,1 
allsel 

/com lower shell elements 
lsel,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+0.01,OR-0.01 
llist 
lesize,all,,, 2 
ksel, s, , , 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 
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 ("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-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 ("swp-arcl") 
vmesh, all 
vsel,none 
lsla,s lines contained in above areas 
v,26,22, kp(0,IR-l.4, 0) ,kp(0,IR-l.4,O))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 
cm, aoutbot,area 
cm, voutbot,volume 
ksel,all

/com bottom shield plug elements

I

I 

! 

I
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isel, 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(O,IR,T_obc),kp(O,IR,Tobc),42,43,kp(0,IR-.25,Lbplug),kp(O,IR-.25,L_bplug) 
esize,T_bplug/3 1 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 I 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,T ibc/2 1 2 elements thru plate 
vmesh, all 
cm, ainbot,area 
cm, vinbotvolume 
ksel,all 

/com 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,O 
lesize,all,,,2,O. 4 9 /0. 2 1 I 2 divisions, generate node at IR 

vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 
vmesh, all 
cm, abotweld, area 
cm, vbotweld,volume 

/com grapple support elements 
isel,none 
asel,none 
vsel,none 
type, 6 
mat, l 
a,23,60,67,24 
lsel,r,loc,z,-H_gr+T-gr I select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 

vdrag,all,,,,,,2 I generate volume along line 2 ("swparc2") 

esize,T_grs I 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,l

'ýALCULATION NO: SCE-01.0204
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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+.l,-Hgr÷.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 

/com merge nodes for material continuity

esels,type,,l,2,1 
esel,a, type,,5,7,1 
allsel,below, elem 
nummrg, node 

allsel

! lower shell to weld to outer bottom cover plate 
& 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)

csys, 1 ! 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,Libc+.0l 
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 
nsym, x,maxnode,all 
esym,,maxnode,all 

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

*enddo 

esel,s,type,,ll 
nsle 
nummrg,node 

esel,s,type,,20 
nsle 
nummrg,node 
nummrg,elem

get maximum node number 
I reflect all nodes 

reflect all elements 

merge nodes at line of symmetry (bottom shell components) 

merge nodes at line of symmetry (upper shell) 

merge coincident contact nodes (if any) 
merge coincident contact elements (if any)

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

IKtVMIVIN:

rPAUL:;V•JmVV• 

I 
mvl• 

wwv 

........

_A' CULATION NO: SCE-01.0204

U

v i



- TRANSNUCLEAR9 INC.  
TN WEST

( DROJECT NO: O NNO:
SCE-01
SCE-01 .0204

IREVISIUN:
I - - -- - -- - .

I PAGE:

! tie together grapple to outer bottom cover

/com define contact elements 
/com bottom end plates

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

esel,s,type,,2 
allsel,below, elem 
cm, cont2,node 

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

I nodes of lower shell 

nodes of outer bottom cover plate 

nodes of inner bottom cover plate

/com inner bottom cover plate nodes at IR-.25 
esel,s,type,,4 
allsel,below,elem 
csys, l 
nsel, r, loc,x, IR-0.26, IR-0.24 
csys, 0 
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 

allsel,below,elem 
nsel,r,loc,z,Tobc 
cm, targ32,node

bottom shield plug circumferential nodes 

bottom shield plug bottom surface nodes

allsel,below, elem 
nsel,r,loc,z,L bplug 
nsel,u,loc,x,l1/12*IR+.l,IR+.0l ! unselect outer 
cm,targ34,node ! bottom shield plug

row of contact elements 
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,x,lf/12*IR-.5,IR+.0l ! one outer row of contact elements 
cm,targ34a,node ! bottom shield plug top surface nodes (w/o outer row)

csys, 0 ! cartesian coordinates

allsel 
type, 20 
I real,201 

gcgen,contl,targ3l,1 
real,202 
gcgen, cont2,targ32,1 
real,203 
gcgen, cont4,targ34,1 
gcgen, cont4a,targ34a, l 

!/om compress node and 
!numcmp, node 
!numcmp, elem

! generate contact elem btwn plug & shell 

generate contact elem btwn plug & outer plate 

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

element numbering

/com specify symmetric boundary conditions

ceintf

A23-8 Ot A23-1
-,7ý'.LAALLCIULATION NO: SCE-01.0204
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nsel, s, loc, y,-.01, .01 
d, all,uy,0 ! symmetry about x-z plane 
allsel 

!nsel,s,loc,x,-.0l,.0l 
!d,all,ux,0 ! symmetry about y-z plane (90 degree model only!) 
!allsel 

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

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

esel,s,type,,l,3,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,rloc,y,0,1.01 
nsel,r,loc,z,Lbplug-.01,Lbplug+.01 
cpnext,ux,all 

allsel 

vclear, 7 
esel, s,type,,3 
edele, all 
esel,s,type,,20 
edele, all 

save 

fini 

/solution 

/com analysis parameters 
antype,static 
nropt,auto 
neqit, 50 
pred, on,,on 
autots,on 
nlgeom, on 
eqslv,pcg, le-7 

!/com load step 1, Temperature Case 22, 100 deg Ambient 
!/title, 24P-FO DSC (Bottom End) Temperature Case 22, 100 deg Ambient 
!nsubst,1,8 
!csys,l 

!/com Define temps for DSC shell in cavity region 
!esel,s,type,,l 
!nsle 
!nsel,r, loc, z,8.75,175.92 
!*get,totnode,node,,count 
!*DO, i,l,totnode, l 

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

*get,xt,node,tnode,loc,x 
S *get, ytdeg,node, tnode, loc,y
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adoj5/ i 

T 'aPOU401 'T 'T 'OCI i 
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(9*68E+IZ*9*T )=Sduia4u i 

4x*(T-aZS9*Z-IZ*Z-9TE6*S )=VduI94u i 

Z**4x*(Z-BBE9*9+4z*Z-96PL*T-)=Eduia-4u i 
E**4x*(C-90CO*V-4z*V-9TCEq )=Zdwaqu 

08T/9STtT*C*(b,9P4A-08T)=IA i 
z'OOT'9POuV9POu"4z'-49b* i 

A'OOT'8POUV8POu'b9P4A'49-6. i 
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L*09E+IZ*LZV*Z+Z**4Z*VEEL*-=Zdul9qu i 
E**4Z*8ETT"+ý**4z.E-9LV6'9-=TdUI94u i 

O8T/9GTVT*C*(baP4A-08T)=4A i 
zloo-[lqpou-4lapoulqzlqq6, i 

A'OOT'9POuV8POu'69P:tA'4ab, i 

x'OOT'9POUV9POu'4x'4ab* i 
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9TSui 
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apouillepouln'T9su i 

dw9:tuldiuqql9poujljq i 
Cdui94u+Zdiu9iu+jdui9iu=duia4u i 

8'OSC+qz*ZSCL * +Z* *4z*Z-9TPC 9=Eduiaqu i 
E4*lz*C-a8G9 * T-ý**4z*9-9TS9 T=Zduia:tu i 

S**4z*8-aCTt"L-9 **4z*OT-99OZ T=Tduia:tu i 
08T/9GTVT-C*(b9PIA-08T)=IA i 
z'OOT'9POuV9POU'4z'4ab* i
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ntemp3=(-6.686e-3*zt+3.
7 48 e-2 ) xt**2 

ntemp4=( 2.262e-2*zt-2.Ol0e-l)*xt 
ntemp5=( .96*zt+390.6).  
ntemp=ntempl+ntemp2+ntemp3+fltemfp

4+ntemp5 

bf, tnode, temp, nternp 
nsel,u,node, ,tnode 

!*enddo 

!Icom Define temps for Bottom Inner Cover Plate 
!esel, s, type, ,4 
!nsle 
!*get, totnode, node, ,count 

I *DO i,1, 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=(18O-ytdeg)*3.l4l56/l8O 
ntempl=(-4.22le-5*zt+3.4

7 9e-4)*xt**4 

ntemp2=( 2.l88e-3*zt-l.83le-2)*xt**
3 

ntemp3=(-3.581e-2*zt+
2 .7 O5e-l)*xt**2 

I ntemp4=( 1.576e-1*zt-l.281)*xt 
ntemp5=(2.933*zt+

374 .8) 
ntemp=ntempl+ntemp2+ntemp3+ntemtp4+ntemp

5 

bf, tnode, temp1 ntemp 
I nsel,u,node, ,tnode 

!*enddo 

!lalsel 
!csys, 0 

!lswrite end of load step 1 
! save 

! solve 
! save 

/com load step 2, Temperature Case 26, 117 deg Ambient 
/title, 24P-FO DSC (Bottom End) Temp Case 26, 117 deg Ambient 
nsubst, 1,8 
csys, 1 

/com read input from thermal results file 
ldread,temp,3, ... b24therm,rth,t:\fo-dsc\NewANSYS\bot\ 

allsel 
csys, 0 

lswrite Iend of load step 2 
save 

solve 
save 

fini 

/exit

/ eof

I
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PB24PTH2.inp 

/batch, list 
/comr 
/com postprocessing input file for half (180 deg) model of DSC shell, bottom end 
/com thermal loads 
resume,b24pth2,db 
/postl 
file,b24pth2,rst 

/com element plots 
/show,pb24pth2,pic,l 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 I plot elements 
/zoom,l,rect,-0.94,0.60,0.0,-0.

8 0 
/show, off , discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,l

! define steps to postprocess

/com DSC Lower Shell Postl Results ---- -- - -- -- - - - - - - - -- ---

esel,s,type,,l 
nsle 
nsel,r,loc,x,OR-.01,OR+.Ol 
nsel,r,loc,z,0.8,L_ibc+5 
cm,outer,node ou 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc, z,T_bw+.l,Libc+5 
cm, reminner,node I ir 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/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 S sE 
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 I s• 
nsel,u,node,,inode I u] 
cm, reminner,node 

*enddo 
/com

iter surface nodes 

iner surface nodes 

elect outer surface nodes 

elect remaining inner surface nodes 
nselect lpath nodes

N

*do, iset, 1,2 
/go 
set, iset

V.

PAGE:
U
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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, , 1 
nsle 

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

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

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

*enddo 
/com 
/com shell at mid-height 

inode=node(IR,theta,Hdsc/2) 
onode=node(OR,theta,H dsc/2) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo theta loop

/com DSC Outer Bottom Cover Plate Postl Results 
esel,s,type,,2 
nsle 
nsel, r, loc, z, 0 
nsel,r, loc, x,0, IR-l.3 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,z,T obc-.01,T obc+.0l 
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(0,0,T obc) 
*get,xtnode,inode,loc,x 
*get, yt,node,inode,loc,y 
*get, zt,node, inode,loc, z 

cmsel,s,outer select outer surface nc 
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, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner 
nsel,u,node,,inode I unselect ipath nodes 
cm, reminner,node 

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

des

surface nodes
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*do,theta,0,180,90/
2 6  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,l.1
9 ) 

onode=node(IR-.95,theta, 0) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR, theta,T bw) 
onode=node(IR-.49,theta,0) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

•enddo I theta loop 

/com DSC Outer Bottom Cover Plate Weld Postl Results 

*do,theta,0,180,90/
2 6  I sections at 3.46 degree intervals 

esel,s,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,T-bw) 
onode=node(ix,theta, 0) 
nlist, inode,onodeonode-inode 
ipath, inode,onode 
prsect 

*enddo 
*enddo I 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 outer surface nodes 
nsle 
nsel,r,loc,z,L_bplug-.01,L_bplug+.0l 
cm, reminner,node I 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,node,inode, loc, z 

cmsel,s,outer select outer surface nodes 

onode=node(xt,yt,T_obc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln I select elem attached to nodes twice to capture 3 thru thickness 

esel,r,type,,3 
nsle 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect cmsel,s,reminner select remaining inner surface nodes

I
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nselou,node,,inode unseJlect ipath nodes 
cm, reminner, node 

*enddo 

/com DSC Inner Bottom Cover Plate Posti Results -------------------------------
esel,s,type, ,4 
nsle 
nsel,r,loc,z,Lbplugbplug-.0,-plug-t.Ol 
cm,outer,node outer surface nodes 
nsl1e 
nsel,r,loc,z,L ibc-.01,L-ibc-+.0l 
cm, reminner, node inner surface nodes 
*gee, totnode, node, ,count 
*do, i, l,totnode, 1 

I/gopr 
inode=node(O,0,L ibe) 
*get,xt, node,inode, bc, x 
*get, yt,node,inode, bc, y 
*get, zt,node,inode, icc, z 
cmsel,s, outer Iselect outer surface nodes 
onode=node (xt, yt. Lbp2.ug) 
nsel,s,node, ,inode 
n.sel..a,node, ,onode 
esln 
esel, r . type, , 4 
ns be 
nlist,imode, onode, onode-inode 
lpath,inode, onode 
prsect 
cmsel,s,reminner 1select remaining inner surface nodes 
nsel,u,node,,inode Iunselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Grapple Ring Support Postl Results -----------------
eselisetypep 6 
ns 1 e 
nsel,r,loc,x,OR -gr-.02.,oR-gr+.0l 
cm, outer, node Iouter surface nodes 
nsle 
nsel~r,loc,x,IR~grs-.Ol,IR-grs+.ol 
cm, reminner,node Iinner surface nodes 
*get, rotnode, node,, Count 
*do, i,1, totnode, 1 

!/gopr 
inode=node (0, 0, 0) 
*get,,cr,node,inode, bc, x 
*get, yt,node,inode,1bc, y 
*get, zt,node,inode, 1cc, z 
cmsel~s,outer Iselect outer surface nodes 
onode-node (OR gr, yt, zt) 
nsel,s, node,,imode 
nsel, a, node, ,onode 
e sin 
esel, z, type, ,6 
ns be 
nlijt,inode, onode, onode-inode 
lpath,imode, onode 
prsect 
cmsel,s,reminner Iselect remaining inner surface nodes 
nsel,u,node,,inode Iunselect bpath nodes 
cm, reminner, node 

*enddo

P. 11113
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/com DSC Grapple Ring Postl Results 
esel,s,type,,7 
nsle 
nsel,rloc,z,-H_gr-.01,-H_gr+.0l 
nsel,r,loc,x,IR_gr-.l,IR_grs+.01 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IR_gr-.01,IR_grs+.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+Tgr-.01,-H_gr+T_gr+.01 
nsel,r,loc,x,IR_gr-.l,IRgrs+.0l 
cm, reminner,node inner surface nodes 
*get,totnodenode,,count 
*do, i,l,totnode, l 

!/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 all nodes out to grapple ring support IR 

onode=node(xt, yt,-Hgr) 
cmsel,s,grnodes ! select outer surface nodes 
nlist, inode,onodeonode-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+.Ol 
nsel,rloc,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,Lbplug+.l,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,L ibc-.l,Libc+.l 
spoint,,.01,.O,,O 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+.0l 
nsel,r,loc,z,T bw-.01,T bw+.0l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system
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/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel 

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

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsolbfe,temp I plot temperature distribution 
plnsol,s,int,O I plot stress intensity 
/zoom,l,rect,-0.94,0.60,0.0,-0.

8 0 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-l.02,0.71,-0.07,-0.

7 7 

/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com shell elements 
esel, s,type,,1 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I 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,O ! 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,s, int,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

ld elements 

plot stress intensity 

plot stress intensity

!rU I�ALCULATION NO:

nlist 
nforce
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/replot 

/com inner cover plate elements 
esels,type,,4 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsols,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,int,O plot stress intensity 
/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 plot stress intensity 

/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo ! end load step loop

allsel 

f ini

exit, nosave

IOJECT NO: SCE-U1 
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PGP1 (analy 

Date/Time: 3/10/20 1:08 Ph 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver, 

CPU: Dual Pentium-III 

Analysis Modules Used: jPREP7 

Component Analyzed: 24P-FO DSC Sh• 

Loads Considered: Grapple pull load 

Analysis Type: *Static 

Materials: *Linear _ 

Geometry: *Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) (1) PB24PGPI (postprocessing) (1)

4/12/00 4:30 AM

4.0

450 MHz

*SOLUTION *POST1 

ell Assembly: Grapple assembly only

S(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:

Date: _________ 

Date: & 49 .

Ste'ven' RStreutker
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Michae Foh

A
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B24PGP1.inp 

/batch, list 
/filname,b24pgpl 
/title,24P-short DSC Grapple Ring Only (180 Degree Refined Model) 
/com model of the grapple ring only is obtained by selecting only the grapple...  
/com ring assembly elements prior to ANSYS solve.  
/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 I 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 
I r,201,1.OE+07 

r,202,1.OE+07 
r,203,1.OE+07 
keyopt,20,7,1

tref, 70

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

! reference temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
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+0

6 , 2 5 .8E+06,25. 3 E+0 6 ! 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+06,28.8E+06,28.3E+06,27.

7 E+0 6 , 2 7 . 3 E+0 6 , 2 6 . 7 E+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=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=T bplug+Tobc ! bottom shield plug location (top surface) 
L ibc=Tibc+T_bplug+T-obc I inner bottom cover plate location (top surface) 

OR_gr=8.0 I outer radius of the grapple ring & support 
IR_gr=5.0 ! inner radius of the grapple ring 
T_gr=l.00 I thickness of the grapple ring 
H_gr=3.75 I height of the grapple ring

.�-

I REVISION: U
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T_grs=0.75 
IR_grs=OR_gr-T_grs 
OR load=8.74/2 

/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 
k,3,IR,,T bw 
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

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,,Tobc center at top surface 
k,30,IRgrs,,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,,Tobc center at bottom surface 
k,42,0,,L-bplug , center at top surface 
k,43,IR,,L_bplug outer radius at top surface 

/com inner bottom cover plate keypoints 
k,50,IR,,Lbplug outer radius at bottom surface 

k,51,0,,Lbplug center radius at bottom surface 

k,52,0,,L ibc center radius at top surface 

k,53,IR,,L ibc outer radius at top surface 

k,54,IR-0.25,,L_bplug radius of shield plug contact 
k,55,IR-0.25,,Libc ! line up with KP54

/com grapple ring keypoints 
k,60,ORgr,,-H_gr+T_gr 
k,61,OR_gr,,-H_gr+0.75 
k,62,OR_gr-0.25,,-H-gr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IR_gr+0.25,,-H_gr 
k,65,IRgr,,-H_gr+0.75 
k,66,IR_gr,,-H_gr+T_gr 
k,67,IRgrs,,-H_gr+Tgr 
k,68,IRgrs,,-H_gr+0.75 

/com upper shell keypoints 
k,76,iR,,Lotc 
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 ****************************** ******************************** 

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

V

I
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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, swparc2,line 
lesize,swp_arc2,,,12,1 
allsel 

/com lower shell elements 
lsel,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 
Isel,r,loc,x, IR+0.01,OR-0.01 
llist 
lesize, all,,, 2 
ksel,s,,,5,6,1 
lslk, s,l 
lesize,all,2.5, ,,10 

ksel,s,,,7,8,l 
lslk, s,l 
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 ("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 
a,22,23,31,32 
a,23,24,30, 3 1 
Isel,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 

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,0.8 7 5 0.875" element width for unmeshed lines 

vmesh,all 
vsel,none 
lsla,s ! lines contained in above areas 

v,26,24,kp(0, IRgrs,0),kp(0, IR_grs,0),28,30,kp(0,IR-grsTobc),kp(0,IRgrsTobc) 
ksel,s,,,26,28,2 select centerline 

lslk,s,l lines containing selected keypoints 

lesize,all,,, 2 2 divisions thru plate thickness

i

U
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/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 I 2 divisions, generate node at IR 
vdrag,all,,,,,,l I generate volume along line 1 ("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 
isel,r,loc,z,-H_gr+Tgr I select lines for dividing 
lesize,all,,,2 2 divisions thru support ring thickness 
vdrag,all,,,,,,l ' generate volume along line 1 ("swparcl") 
esize,T_grs I element height for unmeshed lines 
vmesh, all 
cm, agrapsup,area 
cm, vgrapsup,volume

vmesh, all 
vsels,type,,2 
cm, aoutbot,area 
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 ("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,Lbplug) 
esize,T bplug/3 3 elements thru plate 
vmesh, afl 
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,,,,,,l I generate volume along line 1 ("swp_arcl") 
v,54,kp(0,IR-0.25,Lbplug),51,51,55,kp(0,IR-0.25,L ibc),52,52 
esize,T ibc/2 1 2 elements thru plate 
vmesh, afl 
cm, ainbot,area 
cm, vinbot,volume 
ksel,all
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/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,-H_gr+.l,-H_gr+.7 select lines for dividing 
lesize,all,,,l 1 line division 
vdrag,all,,,,,,l 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

allsel

! lower shell to weld to outer bottom cover plate 
& 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) 

csys,l cylindrical coordinates 

esel,s,type,,l,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.0l,IR+.01 
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,1,7,1 
/gopr 
esel, s, type,, i 
nsle 
nummrg,node 

*enddo 

/com define contact elements 
/com bottom end plates 

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

get maximum node number 
reflect all nodes 
reflect all elements 

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

! nodes of lower shell
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esel,s,type,,2 
allsel,below, elem 
cm, cont2,node 
csys, l 
nsel,r,loc,x,IR-.9 4 ,IR-. 9 2 

csys,0 
cm, cont2a,node

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

nodes of outer bottom cover plate 
cylindrical coordinates 

I 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 I cartesian coordinates 
cm,cont4a,node I 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,T obc 
nsel,u,loc,x,ll/12*IR+.l,IR+.Ol ! unselect outer row of contact elements 

cm, targ32,node I bottom shield plug bottom surface nodes (w/o outer row) 

allsel,below, elem 
nsel,r,loc,z,T obc 
nsel,r,loc,x,lf/12*IR-.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,Lbplug 
nsel,u,loc,x, ll/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,x,ll/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 
I type,20 

real, 201 
gcgen,contl,targ3l,1 
real,202 
gcgen, cont2,targ32,1 
gcgen, cont2a, targ32al 
real,203 
gcgen, cont4,targ34,1 

I gcgen, cont4a, targ34a, l

* 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)

/com compress node and element numbering

K

B

A I M 11 ATU'Mmn: SCE-01 0204

I

U
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numcmp,node 
numcmp,elem 

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

/com shell boundary conditions 
nsel,s,loc,z,H dsc/2 ! shell ends at mid-height 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel, r, loc, y, 0 
d,all,ux,0,,,,uz restrain point at far en 
nsel,s,loc, z,0.75 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel,r, loc, y,0 
d,all,ux,0 I restrain point at near e 
allsel

/com ux/uz couple a shield plug node to an inner cover 
/com ***** valid for grapple pull ******* 

nsel,s,loc,x,0,0.1 
nsel, r, loc, y,0,0.1 
nsel,r,loc,z,L_bplug-.01,Lbplug+.01 
cpnext,ux, all 
cpnext,uz, all 
allsel

/com following lines to make 
esel,s,type,,6,7 
nsle 
nsel,r,loc,z,-.01,.0l 
d,all,ux,0,0,, , uy, uz 
nsle

.d, away from grapple ring 

nd, near grapple ring

plate node for stability (center)

grapple ring only model

save 

fini 

/solution 

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

nropt,auto 
pred,on,,on 
autots,on 
nlgeom,on 
neqit,50 

/com load step 1 - 60 kip tension load at grapple ring 
/title,24P-s DSC Grapple Assy.Only, 60k Pull-Out Load 
pload=-60000/2 
csys, l 1 cyclindrical 
nsel,s,loc,z,-H_gr+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, fz,pload/2/19 
csys, 0 cartesian 
nsle 
lswrite 
save 
solve 
save

"•ROJECT NO:
A.ALCULATION NO:

ALCULATION NO: SCE-01.0204 -,:Lz -----

U

A2.4-9 OT A24-13PAGE:

I I::VIZ.IUN:
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/com load step 2 - 80 kip tension load at grapple ring 

/title,24P-s DSC Grapple Assy.Only, 80k Pull-Out Load 

pload=-80000/
2 

csys,l cyclindrical 
nsel,s,loc,z,-H_gr+T_gr 
nsel,r,loc,x,IRgr+0.7,IR_gr+l.6 select 2 rows of 19 mid-outer row nodes 

nsel,r,loc, y, 90-32,90+32 
f,all, fz,pload/2/19 
csys, 0 cartesian 
nsle 
lswrite 
save 
solve 
save 

fini 

/exit 

/eof

I
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PB24PGPl.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of grapple assembly 
/com grapple pull for primary stress 
resume,b24pgpl,db 
/postl 
file,b24pgpl,rst 

/com element plots 
/show,pb24pgpl,pic,l plot to file 
/triad,lbot t 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 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot plot elements 
! /zoom,l,rect,-0.94,0.60,0.0,-0.80 
/show,off I discontinue plots to file 
/auto,l zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,l 

*do,iset,l,2 I define steps to postprocess 

/go 
set, iset 

/com DSC Grapple Ring Support Postl Results 
esel,s,type,,6 
nsle 
nsel,r,loc,x,ORgr-.01,OR-gr+.0l 
cm, outer, node I outer surface nodes 
nsle 
nsel,r,loc,x,IRgrs-.01,IRgrs+.01 
cm, reminner, node I 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,inode, loc,y 
*get, zt,node, inode, loc, 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 
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 

*enddo 

/com DSC Grapple Ring Postl Results 

esel,s,type,,7

I
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nsle 
nsel,r,loc,z,-H_gr-.01,-Hgr+.Ol 
nsel,r,loc,x,IR_gr-.l,IR_grs+.01 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,x,IR_gr-.01,IR_grs+.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,-H_gr+T_gr+.01 
nsel,r,loc,x,IR_gr-.l,IRgrs+.0l 
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, 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 

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 grapple ring assembly elements 
esel,s,type,,6,7 I grapple assembly components 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 t plot stress intensity 
/zoom,l,rect,-0.94,0.60,0.0,-0.

8 0 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-l.02,0.71,-0.0 7 ,-0. 7 7 

/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com grapple ring support elements 
esel, s,type,,6 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

/com grapple ring elements
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esel,s,type,,7 
nsle 
/view,,-0.2,-0. 8 ,-0. 5 

plnsol,s,intO 
/view,,O.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! plot stress intensity

end load step loop

exit,nosave

I.
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: B24PGP2 (anall 

Date/Time: 4/26/00 9:09 A 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ver 

CPU: Dual Pentium-Ill 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Grapple pull loac 

Analysis Type: *Static 

Materials: *Linear 

Geometry: *Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) (') PB24PGP2 ( postprocessing) (0)

4/26/20 1:04 PM

.4.0

450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and bottom end w/o grapple

is, internal pressure on outer pressure boundary (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: VA -_

Checked By:

Michael.Coe

Date: C.  

Date: ('/ 9 :

8feven A. Sre'utker
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B24PGP2. inp 

/batch, list 
/filname,b24pgp2 
/title,24P-FO 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 
I et,5,solid45 
I et,6,solid45 

et,7,solid45 

et, ll,solid45 

et,20,contac49 
I r,201,1.OE+07 

r,202,1.OE+07 

r,203,1.OE+07 
I 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)=l 

maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ****** 

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+06,25.8E+06,25"

3 E+0 6 I SA-240 Type 316 

nuxy,l,0. 2 9 

/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,

2 6 "7 E+06 

nuxy,2,0. 2 9

csys, 0 ! cartesian coordinates

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.1 7 

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

L bplug=T bplug+T obc ! bottom shield plug location (top surface) 

L ibc=T_ibc+Tbplug+T-obc ! inner bottom cover plate location (top surface)

OR_gr=8.0 
IRgr=5.0 
T_gr=l. 00 
H_gr=3.75 
T_grs=0.75 
IR grs=ORgr-T_grs

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

'AI 'l III ArIf"%Lt kIf,1.%
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ORload=8.74/2 radius of the ram load 

/com lower shell keypoints 
k,l,OR-0.25 shell outer bottom 
k,2,IR+0.21 I shell inner bottom 
k,3,IR,,T_bw I root of outer bottom cover plate weld 
k,4,IR,,Lbplug I bottom of inner bottom cover plate 
k,5,IR,,L ibc top of inner bottom cover plate 
k,6,IR,,H dsc/2 I mid-heght of DSC 
k,7,OR,,Hdsc/2 I mid-heght of DSC 
k,8,OR,,L ibc I line up with KP5 
k,9,OR,,L-bplug I line up with KP4 
k,l0,OR,,O.75 I 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 I outer radius of grapple ring 
k,24,IR_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,IRgrs,,T_obc I line up with KP24 
k,31,OR_gr,,T obc I line up with KP23 
k,32,IR-0.93,,Tobc I outer radius (chamfer) at top surface

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

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

/com grapple ring keypoints 
k,60,OR_gr,,-H_gr+Tgr 
k,61,OR_gr,,-H_gr+0.75 
k,62,ORgr-0.25,,-Hgr 
k,63,IRgrs-0.25,,-H_gr 
k,64,IR_gr+0.25,,-H_gr 
k,65,IR_gr,,-H_gr+0.75 
k,66,IR_gr,,-Hgr+Tgr 
k,67,IR_grs,,-H_gr+Tgr 
k,68,IR_grs,,-H_gr+0.75 

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

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

I 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 
line up with KP54 

interface of grapple ring with support 
outer chamfer 
outer bottom surface

! inner bottom surface 
1 inner chamfer 

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,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,H dsc/2 
larc, 201,202, 200,IR-5

1/

CALCULATION NO: SCE-01.0204
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cm, swparcl,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,swp_arc2,line 
lesize,swparc2,,,12,1 
allsel 

/com lower shell elements 
lsel,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+0.01,OR-0.01 
llist 
lesize,all,,,2 
ksel, s, ,, 5, 6,1 
lslk, s,l 
lesize,all, 2.5,,,10 
ksel,s,,,7,8,1 
lslk, s,l 
lesize,all,2.5,,,0.l 
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" 

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, 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 I 2 divisions for selected lines 
lsla,s I lines contained in above areas 
lsel,r,loc,x,IRgrs,OR-gr select lines for dividing 
llist 
lesize,all,,,2 I 2 divisions thru pl thickness & at grapple suppt 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
esize,0.875 I 0.875" element width for unmeshed lines 
vmesh, all 
vsel,none 
lsla,s lines contained in above areas 
v,26,24,kp(OIRgrs,0),kp(0,IR-grs,0),28,30,kp(0,IR-grsT-obc),kp(0,IR-grsT-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
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cm, aoutbot,area 
cm, voutbot,volume 
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(0,IRT-obc) ,kp(0,IRTobc) 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 
lsel,none 
asel,none 
vsel,none 
type,4 
mat,l 
a,50,54,55,53 
vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 
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 I 2 divisions, generate node at IR 
vdrag,all,,,,,,l generate volume along line 1 ("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,-H_gr+T_gr ! select lines for dividing 
lesize,all,,,2 ! 2 divisions thru support ring thickness 
vdrag,all,,,,,,l generate volume along line 1 ("swp arcl") 
esize,Tgrs ! element height for unmeshed lines 
vmesh, all 
cm, agrapsup, area 
cm, vgrapsup, volume

! /com grapple ring elements

I
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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,-H_gr+.l,-H_gr+.7 
lesize, all,,, 1 
vdrag, all, ,,,,, 1 ! 
esize, 0.75 
vmesh, all 
cm, agraprng, area 
cm, vgraprng, volume

* select lines for dividing 
* 1 line division 
generate volume along line 1 ("swp-arcl") 
0.75 element size for unmeshed lines

allsel 

/com merge nodes for material continuity

esel,s,type,,l,2,l 
! 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,s,type,,l,4,3 
allsel,below, elem 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lbplug-.01,Libc+.01 
nummrg,node I 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 
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

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

esel,s,type,,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

A25-70 oA25-16
"CA C L TO NO:... .......... .

I

U
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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

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 

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,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,lf/12*IR-.5,IR+.0l ! 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,ll/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,L_bplug 
nsel,r,loc,x,ll/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 
I type,20 

real,201 
gcgen, contl,targ3l,1 
real,202 
gcgen, cont2,targ32,1 
gcgen, cont2a,targ32a, l 
real,203 
gcgen, cont4,targ34,1 
gcgen, cont4a,targ34a, l

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)

/com compress node and element numbering 
numcmp,node 
numcmpelem 

/com specify symmetric boundary conditions

•ROJECT NO: 
..•ALCULATION 

NO:
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nsel,s,loc,y,-.01,.Ol 
d,all,uy,0 symmetry about x-z p 
allsel 

/com shell boundary conditions 
nsel,s,loc,z,H dsc/2 ! shell ends at mid-height 
nsel,r,loc,x,OR-.01,OR+.Ol 
nsel, r, loc,y, 
d,all,ux,0,,,,uz restrain point at far en 
nsel, s,loc, z, 0.75 
nsel,r,loc,x,OR-.01,OR+.Ol 
nsel, r, loc, y, 0 
d, all,ux,0 I restrain point at near e: 
allsel

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

lane

d, away from grapple ring 

nd, near grapple ring

plate for stability

save 

fini 

/solution 

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

nropt,auto 
pred,on,,on 

I autots,on 
nlgeom,on 
neqit, 500 

/com load step 1 - 60 kip tens. load at grap.ring suppt w/ far end rest.  
/title,24P-FO DSC (Bot.End) 60k at grap.ring suppt (outer cover pinned) 
! nsubst,l,8 
csysl I cylindrical coordinates 
load=-60000/2 
esel,s,type,,2 
nsle 
nsel, r, loc, z, 0 
nsel,r,loc,x,IR_grs-.l,OR_gr+.l ! select 3 rows under grapple ring support 

f,all,fz,load/53/3 ! force for 3*53 nodes 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - 80 kip tens. load at grap.ring suppt w/ far end rest.  

/title,24P-FO DSC (Bot.End) 80k at grap.ring suppt (outer cover pinned) 
! nsubst,l,8 
csys, l cylindrical coordinates

I

U
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load=-80000/2 
esel,s,type,,2 
nsle 
nsel, r, loc, z,0 
nsel,r,loc,x,IRgrs-.l,OR_gr+.l ! select 3 rows under grapple ring support 

f,all,fz,load/53/3 force for 3*53 nodes 

csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 3 - add 20 psi to outer cover plate 
/title,24P-FO DSC (Bot.End) 80k at grap.ring suppt + 20psi out.cover (pinned) 
! nsubst,l,8 
csysl I cylindrical coordinates 
esel,s,type,,l 
nsle 
nsel,r,loc,z,T bw-.01,H dsc/2 
nsel,r,loc,x,IR-.0l,IR+.0l 
sf, all,pres,20 
esel,stype,,2 
nsle 
nsel,r,loc,z,T bw-.01,Tobc+.0l 
nsel,u,loc,z,T obc/2-.01,Tobc/2+.01 
sfall,pres,20 
esel,s,type,,1 
nsle 
nsel,r,loc,z,H dsc/2-.01,H dsc/2+.0l 
sf,all,pres,-522. 4  balancing pressure load at far end of shell 

csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

fini 

/exit 

/eof
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PB24PGP2.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,b24pgp2,db 
/postl 
file,b24pgp2,rst 

/com element plots-------------------------------------------------------------
/show,pb24pgp2,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,1,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I plot elements 
/zoom,l,rect,-0.94,0.60,0.0,-0.80 
/show,off ! discontinue plots to file 
/auto,l ! zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,l 

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

/com DSC Lower Shell Postl Results---------------------------------------------
esel,s,type,,l 
nsle 
nsel,r,loc,x,OR-.0l,OR+.0l 
nsel,r,loc,z,0.8,Libc+5 
nsel,u, loc,y,0,8 
cm, outer,node I outer surface nodes 
nsle 
nsel,rlocx,IR-.0l,IR+.01 
nsel,r,loc, z,T_bw+.l,Libc+5 
nsel,u, loc, y, 0,8 
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,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,,onode 
esln 
esel, r, type, , 1 
nsle 
nlist, inode,onode,onode-inode 
Ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node
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*enddo 
/com 
/com shell adjacent.to DSC end components 

*dotheta,2*90/26,180,90/26 ! sections at 3.46 degree intervals 

eselstype,,l 
nsle 
nselrlocytheta-ltheta+l 
esln 
esel, r, type, , 1 
nsle 
*doixIR+.21,OR-.25,OR-.25-(IR+.21) 
inode=node(IRthetaT-bw) 
onode=node(ixthetaO) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doiz,.75/2,.75,.75/2 
inode=node(IRfthetaT-bw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*enddo theta loop

/com DSC Outer Bottom Cover Plate Postl Results 

eselstypefl2 
nsle 
nselrloczO 
nselrlocx,0,IR-l.3 
csys'0 cartesian coordi 

nselulocxIR-0.5,IR+.Ol 
csys'l cylindrical coor 

cmouternode outer surface no 

nsle 
nselrloczT-obc-.01,T-obc+.O1 
nselrlocxOIR-0.9 
csys'0 cartesian coordi 

nselulocxIR-0.5,IR+.Ol 
csys'l cylindrical coor 

cmreminnernode inner surface no 

*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOT obc) 
*getxtnodeinoaelocx 
*getytnodeinodelocy 
*getztnodeinodelocz 
cmselsouter select outer sur 

onode=node(xtytO) 
nselsnode,,inode 
nselanode,,onode 
esln 
eselrtype,,2 
nsle 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
cmselsreminner select remaining 

nselunode,,inode unselect 1path r 

cmreminnernode 
*enddo 
/com

nates 

dinates 
des 

nates 

dinates 
des

face nodes

inner surface nodes 
odes

I REVISION:PROJECT NO: 
CALCULATION NO:



- TRANSNUCLEAR, INC.  
TN WEST C PROJECT NO: SCE-01 REVISION: 0 

;CALCULATION NO: SCE-01.0204 PAGE: A25-13 of A25-16 

/com outer cover plate adjacent to DSC end components 

*do,theta,2*90/26,180,90/26 ! 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,l.19) 
onode=node(IR-.95, theta,0) 
nlist, inode,onode,onode-inode 
lpath, inode,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 Bottom Shield Plug Postl Results--------------------------------------
esel,s,type,,3 
nsle 
nsel,r,loc,z,T obc-.01,T obc+.0l 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Lbplug-.01,Lbplug+.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,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 I select elem attached to nodes twice to capture 3 thru thickness 
esel,r,type,,3 
nsle 
nlist,inode,onode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,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,L_bplug-.01,L_bplug+.0l 
cm, outer,node I 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, l 

!/gopr 
inode=node(0, 0,Libc)
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*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, inode,onode,onode-inode 
ipath, 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+.Ol 
nsel,r,loc, z,L_bplug-.01,Lbplug+.O0 
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,Lbplug+.l,L-ibc-.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com top row of nodes 
nsle 
nsel, r, loc, x, IR-., IR+.l 
nsel,r,loc,z,L ibc-.l,L ibc+.l 
spoint,,.01,.o0,0o ! 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+.O1 
nsel,r,loc,z,T bw-.01,Tbw+.Ol 
spoint,,.01,.O0,O summation in cylindrical coordinate system 
nlist 
nforce 

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

allsel 

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

/dscale,,auto

I plot to file 
! edge plot 

displacement scale

/com all elements (excluding contact elements) 
esel,u,type,, 2 0 unselect contact elements 
csys,0 I cartesian coordinates 
nsel,u, loc,x, IR-0.5,OR+.01 
nsel,u,loc,z,H_dsc/4,H_dsc/2+.0l 
esln,,l 
csysl I cylindrical coordinates 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, 0 plot stress intensity 
/zoom,l,rect,-0.70,0.74,0.

3 6 ,-0.80 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,-0.77,0.7 9 ,0. 4 4 ,- 0 . 6 9 

/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com shell elements 
esel,s,type,,l 
nsle 
csys,0 
nsel,u,loc,x, IR-0.5,OR+.0l 
nsel,u,loc,z,H_dsc/4,Hdsc/2+ 
esln,,l 
esel,r,type,,l 
csysl 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,-0.5 
/replot

! cartesian coordinates 

.. 01 

cylindrical coordinates 

plot stress intensity

/com outer cover plate elements 
esel,s,type,,2 
nsle 
csys,0 I cartesian coordinates 
nsel,u, loc,x, IR-0.5,OR+.0l 
esln,,l 
esel, r, type,, 2 
csysl I cylindrical coordinat4 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I plot stress intensity 
/zoom,l,rect,-0.4 0 ,0. 8 0,0. 4 6 ,-0. 8 4 

/auto, l 
/view,,0.2,0.8,0.5 
/replot 
/zoom,l,rect,-0.40,0. 8 0,0. 4 6 ,-0. 8 4 

/auto, l

./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

! plot stress intensity

I VI*IUN: U
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/com inner cover plate elements 
esel,s,type,,4 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

dsys,l 

*enddo end load step loop 

allsel 

fini 

exit,nosave

I.


