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QIKR Nozzle with T0 mm seal welds

e The QIKR Nozzle model from 9/5/24 includes

- 10 mm seal welds on the outer surfaces

— Plate structures instead of forgings

- Intermediate flange between front and wider rear sections
- 12 mm bolts on 75 mm centers for side plates

- 4 25 mm diameter bolts fo attach to beltline

o Abaqgqus model additions
- 2 Inconel shear pins
— Inconel rings for intferface with shear pins
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SpaceClaim model from 9/5/24

QIKR Nozzle Assembly Secftion View Beltline section
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Abaqgus model with all welds merged

Side Plates removed to show
Abaqus half symmetry model bolting and merged welds

L, Insert not included J
« Fillet and groove welds included '
« Bolt caps not included Fillet and skip welds merged with flanges
« 2 Shear pins and beltline holes added and Groove welds merged with top and
« 225 mm Diameter Bolts added bottom plates in front and rear sections
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Beltline Part

Beltline mesh with 89,403 C3D10
Beltline part elements

27 mm Diameter “
hole and 35.5 mm eSS
diameter Inconel

support ring

<6mm\@A
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Front part

Front beam guide Part | C3D8R Mesh with 22494 elements
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Front Flange

Mesh with C3D10 elements

Front flange ( R2W)
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Front Section top plate

Bottom plate has similar geometry with merged weld material

Top front plate (R3W) — bottom
(R4W) similar Mesh model with C3D10 elements

Filet Weld
interface

Skip weld
interface
areas
Beorir)g ared
with side wall Weld areq

HIGH FLUX
ISOTOPE

SPALLATION
NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE




ront side Wall (R5)

Chamfers to mate with welds -bolt _ .
holes 12 mm diameter-face partitions C3D10 elements with Finer
to define contact and weld areas mesh around weld areas

L
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Pavas
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Infermediate Flange

Flange ( R/W) with merged fillet
and skip welds C3D10 Mesh model
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Top rear plate ( RBW) with merged groove weld

Top plate
C3D10 Mesh model

\ Side plate intferface area

Groove weld
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Rear Bottom plate

60 mm thick bottom plate (R9W) C3D10 Mesh

Inconel Pad

Side wall interface area

10 mm deep
pockets for

Inconel pads
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Rear Side Walls

Representative C3D10 mesh with
nominal 5 mm element size in weld
and 20 mm in plate middle

Partition for
contact area
with top wall

Groove Weld
surface

Skip weld areas
to rear flange
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Rear Flange

Rear flange (R12W) with merged
welds C3D10 mesh model

Weld regions
. 0AK RIDGE | 615~ \zzﬁ%nw

National Laboratory | REACTOR | SOURCE




Array of 84 bolts in model
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Inserts for QIKR Nozzle
/7541lbs (3420.6kg) 9228lbs (4185.6kg)

z :}J'

LOADS DURING OPERATION
(INSERT + OPTICS)

Wheel loads from Inferface dwg . J ap |
« 2110 kg front wheels 7 - J nE
« 1713 kg rear wheels

L080: 2110 6 W
L0w: 2110 6
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Wheel to plate contact analysis

 An ideadlized analysis of the wheel to plate contact was made

e The infent was o find the contact stress distribution in the nozzle
plate structure using a finer mesh than could be used for full
assembly model

 The load on a front wheel from the mass of the insert and optics
was 2110 Kg

* A quarter symmetry model of the wheel was made and the
oad applied by increasing the material density to give 4 of the
total load

e Linear elastic material properties for steel or inconel were used
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Insert SpaceClaim model

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Wheel geometry with crown surface

Lubrication Port — .

M20 x 1.5mm

—=] ’—— 24.000mm

== 0.80mm

' Roller Profile: Crowned

o

= 4Tmm —=

(/\]
Nausd

With Seal: Yes P [ IR TS

[McMASTER-CARR. [0 i, 14707633

S o Emasiar com Threaded Black-Cride
Steel Track Roller

B 2024 MeMaster-Carm Supply Compafy
| ivlormton in Des drinekg b proweed T rederee ool

Major Diameter

0

Minor Diameter

1000mm

Fillet Radius

500mm

Area

3053.4385mm*

Perimeter

293.9622mm
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Wheel cross section and curvature on contact face

Crown radius = 500 mm
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Wheel Abagus model

C3D10 mesh with 0.1 mm size in
ldealized 4 symmetry wheel model contact area

Low modulus “mush”
addition for numerical
stability ( .01 GPa)
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Bottom center to edge elevation chonge 0.107 mm

Point 1 219 7E-03, -404 E-03, 2 84435 Point 2. 209, 345E-03, -403 893E-03, 2. 84435
Distance: 10 355E-03 Components: -10 355E-03, 107 E-06, 0.
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10 mm thick Inconel block

C3D10 mesh with 0.1mm spacing in
Contact block 10 mm thick conftact region
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316L plate

50 mm thick 316L block C3D8 Hex mesh
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I gouRrme:  Assembly model

Assembly ?g;eembly MEE 19 Genee] Curvature gap across width
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Boundary Conditions

Top surface nodes of “mush’ fixed
Bottom fixed nodes to have a vertical constraint

Edit Boundary Condition
- i # Edit Boundary Condition

Name: BC-1
Name: BC-2

Type:  Symmetry/Antisymmetry/Encastre
Step: Initial Type:  Symmetry/Antisymmetry/Encastre
Region: botttom_plate-1.bottom_fixed [ Step:  Initial

Region: insert_wheels-6-1.muxh_fixed Q

CS¥s: (Global) [3 A

CsYs: (Global) [3 L

(O XSYMM (U1= UR2 = UR3 = 0)

(O YSYMM (U2 = URT = UR3 = 0)

(O ZSYMM (U3 = UR1 = UR2 = 0)

(O XASYMM (U2= U3 = UR1 =0 Abaqus/Standard only)
(O YASYMM (U1 = U3 = UR2 = (; Abaqus/Standard only)
(O ZASYMM (U1 = U2 = UR3 = (; Abaqus/Standard only)
(O PINNED (U1=U2=U3=0)

(® ENCASTRE (U1=U2=U3=UR1 =UR2= UR3 = 0)

(O XSYMM (U1 = UR2 = UR3 = 0)

(O YSYMM (U2 = UR1 = UR3 = 0)

(O ZSYMM (U3 = UR1 = UR2=0)

(O XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
O YASYMM (U1=U3=UR2=0; Abaqus/Standard only)
O ZASYMM (U1=U2=UR3=0; Abaqus/Standard only)
(OPINNED (U1 =U2=U3=0)

(®) ENCASTRE (U1=U2=U3=UR1=UR2= UR3=0)

oK Cancel

OK Cancel
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Symmetry boundary conditions

X symmetry

e Edit Boundary Condition

Name: BC-3

Type:  Symmetry/Antisymmetry/Encastre
Step:  Initial

Region: X-sym [3

Cs¥s: (Global) [y A

@ XSYMM (U1 = UR2 = UR3 = 0)

(O YSYMM (U2 = UR1 = UR3=0)

O Z5YMM (U3 = UR1 = UR2=0)

(O XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
() YASYMM (U1 = U3 = UR2 = 0; Abaqus/Standard only)
(O ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)
OPINNED (U1=U2=U3=0)

(O ENCASTRE (U1=U2=U3=UR1=UR2=UR3=0)

0K Cancel

L symmetry

# Edit Boundary Condition

Name: BC-4

Type:  Symmetry/Antisymmetry/Encastre
Step: Initial

Region: Zsym [

CSYS: (Global) [y L

() XSYMM (U1 = UR2 = UR3 = 0)

(O YSYMM (U2 = UR1 = UR3 = 0)

(® ZSYMM (U3 = UR1 = UR2 = 0)

(O XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
(O YASYMM (U1 = U3 = UR2 = 0; Abaqus/Standard only)
() ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)
O PINNED (U1 = U2=U3=0)

O ENCASTRE (U1 = U2 = U3 = UR1 = UR2 = UR3 = 0)

0K Cancel
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I ¥0akRice - Assembply model loads and materials

Va wheel mass 529 kg Material input

=% MATERIALS

Lt
*Material, name=55316L
*Density
ceee. ,
*Elastic
il 2e+11, 8.292
e Gty *Material, name=mush
e *Density
Distribution: | Uniform 2 1 -3
Component 1: 0 *Elastic
s 2406, 0.3
Ampitude. | (Ramp) *Material, name=steel_wheel
o8 *Density
1.855e+88,
*Elastic
2e+1l, 8.3

© 0.214,-0.391,2.83 2
tia about the center of mass (Izx, Iyy. Izz, Ixy, Iyz. Izx): 0.0395,0.0260,0.0260,8.69e-05,0.00736,.8.69=-05

28



Assembly Von Mises Stress with 1250 MPa scale

Assembly S Mises 1250 MPa scale
peak 2643 MPa Wheel S 1250 MPa scale

S, Mises

(Ang: 75%)
+2.643e+09
+1.250e+09
+1.136e+09
+1.042e+09
+9.375e+08
+8.333e+08

+5.208e+03
+4.167e+08
+3.125e+08
+2.083e+08
+1.042e+08
+1.173e+04

Max: +2.6432+09
Elem: BLOCK-1.135853
Node: 17

finer 316 mesh

ODB: Cyl_plate_Q3.0db  Abagus/Standard tern Daylight Time 2024 0DB: Ccy[_plate_Q3.0dh  Abagus/Standard 2020.HF4  Sun Sep 08 09:57:14 Eastern Daylight Time 2024

l." ¥ Step: Step-1, gravity wheel plate
Increment  17: Step Time = 1,000

Primary ¥ar: 5, Mises
Deformed Yar: U Deformation Scale Factor: +5.0002+01

Step: Step-1, gravity wheel plate
Increment  17: Step Time = 1.000
z X Primary var: §, Mises
Deformed Var: U Deformation Scale Factor!
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Vertical Displacements

Wheel Block

U, U u Uz
-2.663e-05 -1.367e-06
2.889e-05 3.473e-06
31114e-05 -5:500e-06
-3.340e-05 7.701e-06
3.565e-05 9.813e-06
3791805 -1.1928-05
-4.016e-05 -1.404e-05
-4.2428-05 -1.6158-05
-4:4678-05 -1.826e-05
-4.693e-05 -2.037e-0S
-4:918e-05 -2.248e-05
5143e-05 2459205
5.3692-05 -2.6708-05

Max; -2.663e-05 Max: -1.3672-06

Node: INSERT_WHEELS-6-1.48 Mode: BLOCK-1,545435

finer 316 mesh finer 216 mesh
v ODB: Cyl_plate_Q3.0db  Abagus/Standard 2020.HF4  Sun Sep 08 09:57:14 Eastern Daylight Time 2024 v ODB: Cyl_plate_Q2.0db  Abagqus/Standard 2020.HF4  Sun Sep 08 09:57: 14 Eastern Daylight Time 2024
Step: Step-1, gravity wheel plate Step: Step-1, gravity wheel plate
z x Increment  17: Step Time = 1.000 Increment 17 Step Time = 1,000
Primary Var: U, U2 7 X Primary Var: U, U2
Deformed Var: U Deformation Scale Fackor: +5.000e+01 Defarmed var: U Deformation Scale Factor: +5.0002+01
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Inconel plate

Block Contact pressure —peak 2286
S 1250 Scale 50x displacements MPa

S, Mises

(Ang: 75%)
+2.643e+09
+1.250e+09
+1.136e+09
+1.042e+09
+9.375e+08
+8.333e+08
+7.2926+08
+6.2508+08
+5.208e 13
+4.167e
+3.125e
+2.083e
+1.042e
+1.173e

CPRESS
+2.2868+09

Max: +2.2862+0
Elemn: BLOCK-1.0TH
Mode: 11700

Node: 17

finer 316 mesh
0ODB: Cyl_plate_Q3.0db  Abaqus/Standa e 2024

A
Step: Step-1, gravity whe Step: Step-1, gravity wheel plate
Increment  17: Step Time = Increment  17: Step Time = 1.000
Primary Var: s Primary . CPRESS
Deformed var: U Deformation Scale F3W z X  Deformed 1l Deformation Scale Factol
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Inconel plate contact surface

Pressure with mesh shown
Mfssaszzxaa

i
1 ‘r i
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Ly

+1.903e+09
+1.713e+09
+1.523e+09
+1.332e+09
+1.142e+09
+9.516e+08
+7.613e+08
+5.710e+08
+3.806e+08
+1.903e+08
+0.000e+00

Max: +2.284e+09
Elem: BLOCK-1.891371 |
MNode: 11658

= s

SRS

iessaseny
ST
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ATATATE )
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Y
Step: Step-1, gi
z Increment 17
Primary Yar: CPRE
Deformed War: U
X

Contact area roughly .5mm x émm or
Imm x 12 mm for full model
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Block Contact status

CETATUS

E Bonded

finer 316 mesh
0ODB: Cyl_plate_Q3.0db  Abagus/Standar®

Step: Step-1, gravity wheel plate
Increment  17: Step Time = 1.000
Primary ¥ar: CETATUS

Deformed Yar: U Deformation Scale Factor: +5.0002+01



Wheel contact pressure and stress

Wheel S 1250 MPa scale mesh with
Wheel Contact pressure cut fo interior

CPRESS
+2.255e+09
+2.067e+09
+1.880e+09
+1.692e+09
+1.5042+09 S =

+1.316e+09
+1.128e+09
+9.398e+08
+7.518e+08
+5.630e+08
+3.759e+08
+1.860e+08
+0.000e+00 Max: +2.

Max: +2.253e+09
Elem: INSERT_WHEELS-6-1.13894
MNode: 1037

finer 316 mesh
X QDB: Cyl_plate_Q3.0db  Abagus/Stan

Step: Step-1, gravity wheel plate
z Increment  17: Step Time = 1,000
=

Primary Yar: CPRES:
Deformed War: U Deformation Scale Fa
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Assembly stress with 170 MPa scale

Von Mises stress 170 MPa scale

S, Mises

(Ang: 75%)
+2.643e+09
+1.700e-+08
+1.558e+08
+1.417e+08
+1.275e+08
+1.133e+08
+8.917e+07
+8.501e+07
+7.084+07
+5.667e+07
+4.251e+07
+2.6348+07
+1.418e+07
+1.172e+04

Node: 17

Max: +2.6432+09
Elem: BLOCK-1.135853

finer 316 mesh
ODB: Cyl_plate_Q3.0db  Abagus/Standard 2020 HF4

Step: Step-1, gravity wheel plate
Increment  17: Step Time = 1.000
Primary War: §, Mises

Deformed Var: U Deformation Scale Fackor: +1.000e+00

HIGH FLUX | SPALLATION
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Time 2024

Bottom 316L section Stress peak 91

MPa

S, Mises

(Awg: 75%)
+9.18%e+07
+8.4238+07
+7.660e+07
+6.898e+07
+6.1368+07
+2.373e+07
+4.6118+07
+3.848e+07
+3.086e+07
+2.3238+07
+1.961e+07
+7.9858+06
+3.6042+05

Max: +9.185e+07

Mode: 7

Elem: BOTTTOM_PLATE-1.11981

finer 316 mesh

0ODB: Cyl_plate_Q3.0db Al aylight Time 2024

Step: Step-1, gravity wheel
Increment 17 Step Time
Primary ¥ar: 5, Mises
Deformed Yar: U Deformatic



Comparison to ideal cylinder on plate

Summary

» |deal contact give a bearing width of 1
mm and contact pressure of 1220 MPa

 Crown on Abaqus model wheel width
reduces the contact width by about half
and doubles the contact pressure

o Abaqus results appear consistent with
ideal case with accounting for reduced
contact area

OAK RIDGE

National Laboratory
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46 mm Diameter-21 mm wide
cylinder with 2110 kg gravity load

Stresses for cylinder on plane

F 2.07E+04 N
I 2.10E-02 m
nul 0.292
El 2.00E+11 N/m"2
nu2 2.92E-01
E2 2.00E+11 N/m"2
dl 4.60E-02 m
d2 1.00E+09 m
\ Yield (MPa 1.70E+02
b 0.000514 m
2b 0.001027 m
pmax 1.22E+09 Pa




Contact model Analysis Summary

 Elastic analysis gives subsurface Von Mises stresses of
approximately 1200 MPa for wheel and mating plate

 The 316L material beneath a 10 mm thick plate has a peak
stress of approximately 90 MPa

 No analysis of the loading from the axle included for the wheel
e The 2110 kg/4642 Ibs load is less than half the rated 10,000 lbs
e Local yielding can be expected in the mating plate

¢ A reasonable approximation of the contact area is an axial
length of 1 mm and a horizontal width of 12 mm
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Assembly Mesh Model

%OAK RIDGE
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W «oxgeer 12 mm bolt Constraints -168

_ Typical bolt head fie Typical threaded zone fie

e Each of 84 12 mm bolts was

38

tied on the head surface to
the facing plate and tied
within the threaded zone of
the side plates

e Each bolt surface given a

unigue name

« Each plate surface give

unigue name

e No pre-load assumed

4% Edit Constraint

Name: B1H
Type:  Tie

fl Master surface: R3W-1.H1 [
f Slavesurface s Surf-12 [}

pof

Discretization method: | Analysis default

IR ] Exclude shell element thickness

Position Tolerance

S @) Use computed default

(O Specify distance:

I Note: Modes on the slave surface that are

considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position
[ Tie rotational DOFs if applicable

Cancel

# Edit Constraint

Name: B1T
Type: Tie

’Slavesurface: s Surf-22 [

Discretization method: | Analysis default

3 [] Exclude shell element thickness

}  Position Tolerance

(® Use computed default

B () 5pecify distance:

B Note: Nodes on the slave surface that are

considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position
[ Tie rotational DOFs if applicable

’ Master surface: S03060000-CV-NE-QIKR-R2_5-1.T1 b

f-f

Cancel



Front flange top bolt tie constraints - bottom constraints
similar
Upper bolf head to flange fie Threaded area tie to beltline

<= Edit Constraint

Name: beltline_B25T

Name: Bolt25TH
Type: Tie

Type: Tie
I Master surface: beltlineW-1.beltline_B25T _threads [}

!SIavesuﬂace_- bolt_25-1.bolt25_thread Q

#-

l Master surface: RZW-1.B25T_head [

pof

f Slavesurface: s Surf-188 [ = f Discretization method: | Analysis default

Discretization method: | Analysis default = f [ Exclude shell element thickness
gd Position Tolerance
(® Use computed default

(O Specify distance:

8 (] Exclude shell element thickness

Position Tolerance

(®) Use computed default
Note: Nodes on the slave surface that are

(O Specify distance: - | considered to be outside the position
. tolerance will NOT be tied.

Note: Modes on the slave surface that are
considered to be outside the position

s ; | (] Adjust slave surface initial position
tolerance will NOT be tied. 4 [ Tie rotational DOFs if applicable

[] Adjust slave surface initial position
[] Tie rotational DOFs if applicable

Cancel

HIGH FLUX | SPALLATION
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Shear Pin Surface to Surface Interactions — top shown —

bottom similar

Shear Pin to Front Flange

# Edit Interaction

g Name: Shear_pin_R2ZW_T
Type:  Surface-to-surface contact (Standard)
Step:  Initial

J Master suface: m_Surf-193 &3

p-f

Sliding formulation: @ Finite sliding (O Small sliding

'Slavzsurfa::: R2W-1.Shear top [3

Discretization method: | Surface to surface v/
[ Exclude shell/membrane element thickness

0.2

Contact tracking: (@ Two configurations (path) O Single configuration (state)

Slave Adjustment  Surface Smoothing Clearance  Bonding

(@) No adjustment

(O Adjust only to remove overclosure
J O Specify tolerance for adjustment zone: |0

O Adjust slave nodes in set:

Contact interaction property: | IntProp-1
Options:

(Default)

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Shear Pin to Beltline

% Edit Interaction

Name: Shear_pin_beltline_T
Type:  Suface-to-surface contact (Standard)
Step:  Initial
§ Master suface: beltlineW-1.beltline_shear Top [
f Slavesurface: s Surf-192 s H
Sliding formulation: @) Finite sliding (O Small sliding
Discretization method: | Surface to surface v
[ Exclude shell/membrane element thickness

0.2

Contact tracking: @ Two configurations (path) O Single configuration (state)

Slave A it Surface S hi Clearance  Bonding
@® No adjustment

(O Adjust only to remove overclosure

(O Specify tolerance for adjustment zone: |0

O Adjust slave nodes in set:

Contact interaction property: | IntProp-1
Options:

(Default)

0K Cancel




Weld Tie Constraints
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Front Flange (R6W) and Beltline welds

Front Flange to Part 1 Beltline to Part 1

b oA .
Edit Constraint
b # Edit Constraint

Name: RZW_P1 )
Name: beltline_P1
o Type: Tie
Type: Tie

§ Master surface: RZW-1RZWR1 [y
! Slave surface:  503060000-CV-NE-QIKR-R2_1-1.P1_R2W k

§ Master surface: beltlineW-1.beltlineW P1 [3

p-f

f Slavesurface:  S03060000-CV-NE-QIKR-R2_1-1.P1_beltline [3

Discretization method: | Analysis default
Discretization method: | Analysis default  ~

[] Exclude shell element thickness

Position Tol [ Exclude shell element thickness
osition Tolerance

(® Use computed default

(O Specify distance:

Position Tolerance
(®) Use computed default

Specify distance:

Note: Nodes on the slave surface that are O Specity
considered to be outside the position
tolerance will NOT be tied.

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

2 [ Adjust slave surface initial position

Tie rotational DOFs if applicable % [ Adjust slave surface initial position

g [ Tie rotational DOFs if applicable

Cancel

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
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¥OakRGeE  Front Flange ( R2W) welds

National Laboratory
Front Flange to
Dlate

Front Flange to
dlate

Front Flange to
late

# Edit Constraint

Name: R2ZW_R4W_bottom

4= Edit Constraint <= Edit Constraint
Name: R2W_RS_side b Type:  Tie
§ Master surface: R2W-1.R2ZW_RAW_bottom [} ‘«’

Type: Tie
P Master surface: RZW-1RZW_RSW weld [} % W 8 (| Siovesuface  RAW-1.R4W_R2W bottom NS
S03060000-CV-NE-QIKR-R2_5-1.R5_R2W side [

Name: R2ZW_R3W_top

Type: Tie

' Master surface: RZW-1.R2ZW_R3W_top [
f Slavesurface:  RIW-1.R3W_R2W_top [}

My Discretization method: | Analysis default v

I Slave surface:
1 [[] Exclude shell element thickness

g Discretization method: | Analysis default . - -
g Discretization method: | Analysis default |~
[ Exclude shell element thickness ) s
R [] Exclude shell element thickness Position Tolerance
Position Tolerance —
Position Tolerance ® Use computed default
(O Specify distance:

43

(® Use computed default

(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[J Adjust slave surface initial position
[ Tie rotational DOFs if applicable

(®) Use computed default

(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position
[] Tie rotational DOFs if applicable

Cancel

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[ Adjust slave surface initial position
[ Tie rotational DOFs if applicable




Front 10 mm Groove welds

Front bottom plate groove weld

Front top plate groove weld

# Edit Constraint
Name: R5W_R4W_groove

Type: Tie

’ Master surface: R4W-1,R4AW_R5_groove I:,-

!SIave suface:  503060000-CV-NE-QIKR-R2_5-1.R5_RAW _groove [}

p-f

4% Edit Constraint

Name: R3_R3W_groove Discretization method: | Analysis default |~

Type: Tie %
[ Exclude shell element thickness

# Master surface: RIW-1.R3W_R5_groove I3
'Slave surface:  S03060000-CV-NE-QIKR-R2_5-1.R5_R3W_groove [

Position Tolerance

® Use computed default

Discretization method: | Analysis default O Specify distance:

[ Exclude shell element thickness Note: Nodes on the slave surface that are
considered to be outside the position

tolerance will NOT be tied.

Position Tolerance
{ ® Use computed default
O Specify distance: O Adjust slave surface initial position

[~ Tie rotational DOFs if applicable

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position

[ Tie rotational DOFs if applicable

Cancel

%OAK RIDGE

National Laboratory

ISOTOPE NEUTRON
REACTOR | SOURCE

HIGH FLUX ’ SPALLATION




45

%OAK RIDGE

National Laboratory

Intermediate flange (R/W) welds

Intfermediate

top plate

e Edit Constraint

Name: R7W_R3W_inside

Type: Tie

I Master surface: R7TW-1.RTW_R3W_top [}

l Slave suface:  R3W-1.R3W_R7W._inside [3
Discretization method: Analysis default
[] Exclude shell element thickness

Position Tolerance

(®) Use computed default

(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position

[ Tie rotational DOFs if applicable

Cancel

s

Intfermediate

4= Edit Constraint

Name: R7W_R5_weld_inside
Type: Tie

Discretization method: | Analysis default
| [] Exclude shell element thickness
| Position Tolerance

(® Use computed default

(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[[] Adjust slave surface initial position
[ Tie rotational DOFs if applicable

‘ l Master surface: R7TW-1.R7TW_R5_weld_inside h
P Slavesuface:  S03060000-CV-NE-QIKR-R2_5-1RS_RTW._inside_weld [}

Cancel

Intfermediate
bottom plate

e Edit Constraint

Name: R7W_R4W_inside

Type: Tie

§ Mastersurface: R7W-1.R7TW_R4W_bottom [k
f Slavesurface:  R4W-1.RAW_R7W_bottom [3

Discretization method: | Analysis default  ~

| (] Exclude shell element thickness

Position Tolerance

(® Use computed default

(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position

[ Tie rotational DOFs if applicable




Skip weld ties around Intermediate flange — 11 total

Skip weld tie to top plate

¢ Edit Constraint

Mame: R7W_skipl
| Type:  Tie

f Master surface: RTW-1.RTW_skip1 Iy
! Slave surface:  RIW-1.R3IW_RTW_skip1 k
Discretization method: | Analysis default
[ Exclude shell element thickness

Position Tolerance

(®) Use computed default

() Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[] Adjust slave surface initial position
Tie rotational DOFs if applicable

Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

Typical skip weld tie to top
or bottom plate

# Edit Constraint

) Name: R7TW_R3W_skip2
Type: Tie

J Master surface: R7W-1.R7W_skip2 R

! Slave surface:  R3IW-1.RIW_R7W_skip2 Q
Discretization method: | Analysis default
[ Exclude shell element thickness

Position Tolerance

@ Use computed default

(O Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[ Adjust slave surface initial position
Tie rotatienal DOFs if applicable

g

Typical Skip weld tie to front
side wall

¢ Edit Censtraint

Name: R5_skip5
Type: Tie

' Master surface: 503060000-CV-NE-QIKR-R2_5-1.R5_R7TW_skip5 [
! Slave surface:  R7TW-1.RTW skip5 k
Discretization method: | Analysis default
[] Exclude shell element thickness
Position Tolerance
@ Use computed default
(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied,

[] Adjust slave surface initial position
Tie rotational DOFs if applicable

Cancel




Groove Weld Tie Constraints to rear side wall

Rear Top Groove Weld Rear Bottom Groove Weld

4+ Edit Constraint

Name: RIW_R11_groove
Type  Tie

' Master surface: RSW-1.RSW_R11_groove k H

! Slave surface:  503060000-CV-ME-QIKR-R2_11-1.R11W_RSW_groove Q
Discretization method: | Analysis default  ~
[ Exclude shell element thickness
2 Edit Constraint Position Tolerance
(® Use computed default
Mame: R8W_R11_groove
Tie

(O Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

| Master surface: R8W-1.REW_R11_groove [}
fI Slavesurface:  S030B00DD-CV-NE-QIKR-R2_11-1.R11W_R8W _groove [

Discretization method: | Analysis default  ~ [ Adjust slave surface initial pesition
[ Bxclude shell element thickness Tie rotational DOFs if applicable

Position Tolerance

(®) Use computed default

(O Specify distance:

Note: Modes on the slave surface that are
considered to be autside the pasition
tolerance will NOT be tied.

[ Adjust slave surface initial position
Tie rotational DOFs if applicable

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Rear Flange Weld tie constraints

Rear Flange to top plate
inside

¢ Edit Constraint

MName: R12ZW_R28W _inside
Type: Tie

I Master surface: R12W-1.R12W_R8W_inside [:3
I Slave surface:  R8W-1.R8W_R12W_inside k
Discretization method: | Analysis default  ~
[ Exclude shell element thickness

Position Tolerance

@ Use computed default

() Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will MOT be tied.

[ Adjust slave surface initial position
Tie rotational DOFs if applicable

fof

Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Rear Flange to side plate

e Edit Constraint

Mame: R12W_R11
Type:  Tie

I Master surface: R12ZW-1.R12W_R11_inside Q
l Slave surface:  S03060000-CV-NE-QIKR-R2 11-1.R11_R1ZW [
Discretization method: Analysis default
[ Exclude shell element thickness
Position Tolerance

@ Use computed default

() Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[ Adjust slave surface initial position
Tie rotational DOFs if applicable

Cancel

Rear Flange to bottom
plate inside

e Edit Constraint

MName: R12W_R%W_inside
Type:  Tie

f Master surface: R12W-1.R12W_ROW_insice [

’Slavesurfaca: RIW-1.RIW_R12W_inside_weld k

Discretization method: | Analysis default  ~
[ Exclude shell element thickness
Position Tolerance

(®) Use computed default

() Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[ Adjust slave surface initial position
Tie rotational DOFs if applicable

(4

Cancel




Skip weld tie constraints with rear flange — total 14

# Edit Constraint

Nare: R12W_R8W_skip1
Type: Tie

l Master surface: R12W-1.R12ZW_R8W_skip1 k
'5\avesurface: RBW-1.R8W_R12W _sklip1 Q

Discretization method: | Analysis default  ~
[ Exclude shell element thickness
Position Tolerance

(®) Use computed default

(O Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

1 Adjust slave surface initial position
Tie rotational DOFs if applicable

pf

Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Typical top or bottom skip

4% Edit Constraint

Name: R12ZW_RBW_skip2
Type:  Tie

I Master surface: R12W-1.R12ZW_R8W_skip2 k
I Slave surface:  R8W-1.R8W_R12W_slkip2 k
§l Discretization method: Analysis default
[ Exclude shell element thickness
Position Tolerance
(®) Use computed default
(O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

[ Adjust slave surface initizl position

Tie rotational DOFs if applicable

Cancel

Typical side wall skip weld

# Edit Constraint

Name: R12ZW_R11_skip3
Type:  Tie

I Master surface: R12W-1.R12W_R11_skip3 k
l Slave surface:  S03060000-CV-NE-QIKR-R2_11-1.R11_skip5 k
Discretization method: | Analysis default
[ Exclude shell element thickness
] Paosition Tolerance
@) Use computed default
(O Specify distance:
Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.
[] Adjust slave surface initial position
Tie rotational DOFs if applicable

gt




Inconel pad fie constraints to bottom plate ( 3 locations)

The SpaceClaim model included 4 mm screws and mating holes in the corners of the pads
and bottom plate which were defeatured for the Abaqus model

Bottom plate tied surface

Rear Wheel tie

Front Wheel pad tie

2% Edit Constraint 2% Edit Constraint
MName: W1_ROW Name: W3_RoW

Type: Tie Type:  Tie

' Master surface: W3_R9W [ M

' Master surface: W1_RSW k

! Slave surface:  ROW-1.RIW_W1 k M ! Slave surface:  ROW-1.RIW_W3 k

Discretization method: | Analysis default Discretization method: | Analysic default

[ Exclude shell element thickness [ Exclude shell element thickness
Position Tolerance

= @Use(nmputed default
(O Specify distance:

Note: Nodes on the slave surface that are
considered to be ocutside the position
tolerance will NOT be tied.

Position Tolerance
(® Use computed default
(O Specify distance:

Note: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied,

] Adjust slave surface initial position

Adjust slave surface initial position
Tie rotational DOFs if applicable

Tie rotational DOFs if applicable

Cancel

HIGH FLUX | SPALLATION
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Shear pin tie constraint

o With only frictionless
surface to surface
Interactions for the shear
pins there would be no
axial restraint

 For numerical stability @
very low modulus (.01 GPQ|)
exfrusion was added to the
rear and tied to the
beltline

* NO significant effect on
stress or displacement

LLLLLLLLLLLLLLLLLL
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Inferactions

e All Hard Frictionless

o Allows separation

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE
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Interactions around front flange

Beltline and Front Flange

& Edit Interaction
MName: beltine RZW
Type:  Surface-to-surface contact (Standard)

Step:  Initial

fl Master surface: beltlineW-1.beltline R2W [

-

fI Slave surface:  R2W-1.R2W beftline [y
Slding formulation: @® Finite sliding O Small siding

Discretization method: | Surface to surface  v|

[ Exclude shell/membrane element thickness

Selectively () Never O) Always

Degree of smoothing for master surfa;

Use supplementary contact points:

@ (path) O Single (state)

Slave Adjustment  Surface Smocthing  Clearance  Bonding
® No adjustment

O Adjust only to remove overclosure

O Specify tolerance for adjustment zone: |0

© Adjust save nodes in st | v

Contact interaction property: |Inthp-1

B =

Options: |[Fiterference it

Contact controls: | (Default)

Active in this step

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

Front top plate bottom

inside to front flange

& Edit Interaction

Name: RZW_R3W_inside
Type:  Surface-to-surface contact (Standard)

Step: Initial

I Master surface: R2W-1.R2ZW_R3W_top_inside [

#f

[ Slave surface:  R3W-1.R3W_R2W_inside [

Sliding formulation: @ Finite slicing O Small sliding

Discretization method: Surface tosurface ||

[ Exclude shell/membrane element thickness

Degres of smoothing for mester surfec

Use su

plementary contact points

Contact tracking: @ Two

Selectively () Never

tpath) O Single

Always

Slave Adjustment  Surface Smoothing  Clearance  Bonding
@® Mo adjustment

O Adjust only to remove overclosure

O Specity tolerance for adjustmentzone: [0 |

(state)

O Adjust sleve nodes in set: |

Contact interaction property: ‘ IntProp-1

M2

Options: [[FiEEEceFi

Front boftom plate top

inside to front flange

3¢ EditInteraction

Mame: RZW_R4W_inside

Type  Surface-to-surface contact (Standard)

Step:  Initial

J Master surface: R2W-1.RZW_RAW inside [}
RAW-1.R4W_R2W inside [}

p-f

fI Slave surface:

Sliding formulation: @ Finite sliding (O Small sliding

Discretization method: |Surface to surface |

[ Exclude shell/membrane element thickness

ctively () Mever

Degree of smosthing for master surfac

Use supplementary contact points: (®) §

Contact tracking: @ Two configurations (path) (O Single configuration (state)

Slave Adjustment Clearance

Surface Smoothing Bonding
@® Mo adjustment

(O Adjust only to remove overclosure

O Spectytleanceforsepsment e [0

O Adjust slave nodes in set: |

Contact interaction property: IntProp-1

Options: ||nterference Ht...

Contact controls: ((Defaulf)

Active in this step




Front Side Wall interactions

Front fop plate to front side all

4= Edit Interaction
Mame: RIW_R5_S5
Type:  Surface-to-surface contact (Standard)

Step:  Initial

§ Master surface: RIW-1R3W_R55S [3

§ Slave surface:  503080000-CV-NE-QIKR-R2_5-1R5top [y -
Sliding farmulation: @ Finite sliding () Small sliding

I Discretization method:  Surfaceto surface [

[ Exclude shell/membrane element thickness
ce: (0.2

Contact tracking: ®) Twe configurations (path) () Single configuration (state)
Slave Adjustment  Surface Smeothing  Clearance  Bonding
® No adjustment
() Adjust only to remove overclosure

() Specify tolerance for adjustment zone: |0

(O Adjust slave nodes in set:

Contact interaction property: | IntProp-1

Options:

(Default)

oK Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Front bottom plate to front side wall

% Edit Interaction
Name: R&W_RS_SS
Type:  Surface-to-surface contact (Standard)

Step:  Initial

§ Master surface: RAW-1RAWRS SS [ fof
fl Slavesurface:  S03060000-CV-NE-QIKR-R2_5-1.R5_bottom [
|| Siiding formulation: @) Finite sliding () Small sliding

I Discretization method: | Surface to surface |

surface: |02

Contact tracking: ® Two configurations (path) () Single configuration (state)
Slave Adjustment  Surface Smoothing  Clearance  Bonding
® No adjustment
(O Adjust only to remove overclosure

(O Specify tolerance for adjustment zone: 0

(O Adjust slave nodes in set:

oK Cancel




Infermediate flange interactions

Intermediate flange to rear

top plate

4 Edit Interaction
Name: RTW_REW_inside
Type:  Suface-to-surface contact (Standard)
Step:  Initial

fI Master surface: R7W-1.R7W_RBW_Top_inside [3
fl Slavesurface: ReW-1REW RTW_inside [y
Sliding formulation: @ Finite sliding (O Small sliding
Discretization method: |Surface to suface |

[ Exclude shell/membrane element thickness

eme ct points: (@) Selectivel lever () Always
Contact tracking: (® Two configurations (path) O Single configuration (state)

Slave Adjustment  Surface Smoothing  Clearance  Bonding

@ No adjustment

(O Adjust only to remove overclosure

O Specify tolerance for adjustment zone: |0

(O Adjust slave nodes in set:

Contact interaction property: | IntProp-1 M B

Options: |[ferference Fit..

oK Cancel

HIGH FLUX | SPALLATION
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Intermediate flange to rear

side wall

4% Edit Interaction

Name: RTW_R11_side_inside
Type:  Surface-to-surface contact (Standard)

Step: Initial

[ Master surface: RTW-1RTW R11_inside [}

I Slave surface:  S03060000-CV-NE-QIKR-R2_11-1R11_RTW. inside  [3 #t
Sliding formulation: @ Finite sliding O Small sliding

Discretization method: | Surface to surface ]

[ Exclude shell/membrane element thickness

(path) O Single i (state)

Contact tracking: ® Two

Slave Adjustment  Surface Smosthing  Clearance  Bonding
® No adjustment

(O Adjust only to remove overclosure

(O Specify tolerance for adjustment zone: |01

O Adjust slave nodes in set

Contact interaction property: | IntProp-1 [S/=1
Options: [Fererence kit

(Default)

oK Cancel

Intermediate flange to rear

pbottom plate

45 Edit Interaction

Name R7W_RSW_inside
Type:  Surface-to-surface contact (Standard)

Step:  Initial

I Master surface: RTW-1.R7TW_ROW bottom _inside [
f Slavesuface:  ROW-1.ROW_RTW_bottom_inside [ a
Sliding formulation: @ Finite sliding () Small sliding
Discretization method: | Surfaceto sufface ]

[ Exclude shell/membrane element thickness

Contact tracking: @ Two configurations (path) () Single configuration (state)
Slave Adjustment  Surface Smoothing  Clearance  Bonding

@® No adjustment

O Adjust only to remove overclosure

(O Specify tolerance for adjustment zone: 0

O Adjust slave nodes in set:

Contact interaction property: | IntProp-1 M &
Options: [[5ereence i

(Default)

oK Cancel




Rear side wall (R11) interactions

Rear top plate to rear side wa Rear bottom plate to sid wall

-
Edit Interaction
- 2 Edit Interaction

Name: RIW_R11_5S

Name: R8W_R11_5S
Type:  Surface-to-surface contact (Standard)

Type:  Surface-to-surface contact (Standard)
Step:  Initial

Step:  Initial

J Master surface: ROW-1.RSW_RIISS [3 fof

J Master surface: RBW-1R8W R11SS [ fof
fl Slave surface:  S03060000-CV-NE-QIKR-R2_11-1R11W_ROW.SS [}

f Slavesurface:  S03060000-CV-NE-QIKR-R2_11-1R1IW_R8W S5 [y

Siding formulation: (@) Finite =himolC) S mal e Sliding formulation: @ Finite sliding O) Small sliding
Discretization method: | Surface to surface Discretization methodt [Sarface oomfoce. B
[ Exclude shell/membrane element thickness

[ Exclude shell/membrane element thickness
02

Contact tracking: @ Two configurations (path) (O Single configuration (state) = : Contact tracking:| @) Two-coniguiatioes (E) |0 iR )

Slave Adjustment  Surface Smoothing Clearance  Bonding Slave Adjustment  Surface Smoothing  Clearance  Bonding
(® No adjustment

® No adjustrment
(O Adjust enly to remove overclosure

O Adjust enly to remove overclosure
(O Specify tolerance for adjustment zone: 0

(O Specify tolerance for adjustment zene: 0
O Adjust slave nodes in set:

(O Adjust slave nodes in set:

Contact interaction property: | IntProp-1 Contact interaction property: | IntProp-1
Options: ||+ F Options: |-
(Default)

(Default)

Cancel
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Boundary Conditions

Rear flange bottom nodes X symmetry boundary
Beltline side nodes fixed restrained vertically condifion

# Edit Boundary Condition
Name:  BC-2

Type:  Displacement/Rotation
Step:  Initial

Region: R12W bottom BC [3

4 Edit Boundary Condition

MName:  BC-1
Type:  Symmetry/Antisymmetry/Encastre 8 CSYS: (Glabal) [3 L 4 Edit Boundary Condition
o Name: BC-3
Step: Initial Ow Type:  Symmetry/Antisymmetry/Encastre

Region: beltlineW-1.beltlineW_fixed : Step:  Initial
R e Region: XSYM [y

Csvs: (Global) [y L Ous covs: (Global) [y A
() XS¥MM (U1 = UR2 = UR3 = 0) ! DJurt
) YSYMM (U2 = UR1 = UR3 = 0) [ur2 :

B B B URZ 0; Abaqus/Standard only)
O Z5YMM (U3 = UR1 = UR2= 0) O = - Absgus/Standard o)
(O XASYMM (U2=U3=UR1=0; Abaqus/Standard only) \baqus/Standard only)
) YASYMM (U1 = U3 = UR2 = [; Abaqus/Standard only) pol———
() ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard anly) o e
) PINNED (U1 = U2 = U3 = 0)

(® ENCASTRE (U1=U2=U3=UR1 = UR2= UR3=D) - Note: The displacement value will be
maintained in subsequent steps.

oK Cancel
oK Cancel
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Loads

Pressure equivalent on rear

Gravity Pressure 1 bar flange

4= Edit Load 45 Edit Load

.
5 EditLoad Mame:  Load-4 Mame: Load-5

Type:  Pressure Type:  Pressure
Step:  Step-3 (Static, General) Step:  Step-3 (Static, General)

Region: Presssure Assy [ Region: Pressure Rear [3

Mame: Load-1

Type:  Gravity

Step: Step-1 (Static, General)
Region: (Whole Model) [

Distribution: | Uniform Distribution: | Uniform

Distribution: | Uniform .
Magnitude: | 100000 Magnitude: | 153000

Component 1: |0 N
Amplitude: | (Ramp) Amplitude: | (Ramp)

Component 2: |-9.8

Component 3: |0

Amplitude: (Ramp)

Cancel
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Uniform Pressure (Pa) loads from inserts on wheel pads

Insert load assumptions Front wheel load Rear wheel load

e Insert gravity loads applied
toa lmmx 12m assumed re——

# Edit Load
M Mame:  Load-2
bearing area el il
. . Region: Wheell P RE;'OH: them_p =
« Area approximation from
deTOiled COnTOCT mOdel =L Magnitude: | 1.399E+09

Amplitude: | (Ramp) Amplitude: | (Ramp)

» Uniform pressure assumed

e Interface loads are 2110 kg
for front wheel and 1713 kg
for rear wheels

HIGH FLUX | SPALLATION
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Results

'y only load

'y and insert loads

e Step 1 — gravii

e Step 2 — gravii

e Step 3 — gravii
operation

LLLLLLLLLLLLLLLLLL
FO0AK RIDGE | g0 et

National Laboratory | REACTOR | SOURCE

'y, Insert loads and pressure from vacuum



Displacements with only gravity and no inserts

X) minimum -.01mm ) minimum -0.025 mm Z) minimum -.03 mm

Shear Pin surface to surface contact.
ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024,

X Step: Step-1, gravity
7 Increment  &: Step Time = 1.000

Shear Pin surface to surface conta

ct Shear Pin surface to surface contact
ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024

ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024

X Step: Step-1, gravity Step: Step-1, gravity
7 Increment ' €: Step Tim 1.000 ent € Step Time = 1.000

Primary Var: U, UL primary Viar: U, Primary Var: U,

Deformed ar: U Deformation Scale Factor: +1,0006+03 Deformed Var: U Deformation Scale Factor: +1.000e+03 Deformed Var:' U Deformation Scale Factor: +1.0006+03

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Assembly Gravity only no inserts peak S 8/ MPa In bottom
shear pin

=, Mises

(Avg, 75%4)
+8.711e+07
+7.985e4+07
+7.25%e4+07
+&6.533e+07
+5.808e4+07
+5.082e4+07
+4. 350e+07
+3.620e4+07
+2.304e4+07
+2.178e+07
+1.452e407 Min, +1.
+7. 2608405
+1.273e+02

Max: +8.711e+07
Elem: R2wW-1,29815
Mode: 606

Min: +1.273e+02
Elerm: SHEAR_FIN-1.532
Mode: 8259

Shear Fin surface to surface contact
h ODB: QIKR_%25.0db Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024

w  Step: Step-1, gravity
7z Increment & Step Time = 1.000
Frimary War: S, Mises
Deformed War, ) Deformation Scale Factor: +1.000e+03

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

National Laboratory




Assembly Displacement with gravity including insert loads

X) minimum -0.006mm

) mMinimum -0.1 mm

Z) minimum -0.01 mm

u, Ut
+3.5306-06

Max: +3.530e-06

Node: R2W-1.601

Min: -5.674e-06
Node: S03060000-CV-N

Shear Pin surface to surface contact.
Y ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024,

X Step: Step-2, Insert pressures
7 Increment  11: Step Tme = 1.000
Primary Var: U, U1
Deformed ar: U Deformation Scale Factor: +1,0006+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

%

Max: +

-9.027¢-05
-9.850e-05

4.623-06
Node: BELTLINEW-1.10¢
Min; -9,890e-05

Node: S03060000-C-Ng

Shear Pin surface to surface contact
ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024

Step: Step-2, insert pressures
Increment 11: Step Time = 1.000

Primary Viar: U, U2

Deformed Var: U Deformation Scale Factor: +1.000e+03

Max: +2.829¢-05
Node: R12W-1.59684
Min: -1.030e-05

Node: SHEAR_PIN-2.14

Shear Pin surface to surface contact

Y ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024
X Step: Step-2, Insert pressures
7 Increment 11 Step Time = 1,000
Primary Var:

Deformed Var:' U Deformation Scale Factor: +1.0006+03



Assembly Stresses with gravity and insert loads

Peak 1297 MPa in Incone Peak without Inconel pads Beltline Peak157 MPa by

Pad 242 MPa in front flange by bottom shear pin hole
bottom shear pin

S, Mises Mises
(Avg: 75%) (Avg: 75%)
+1.297¢+09 +2.420e+08
1.18%+03 +2.21Be+08
1081640 +2.0176+08
+9.725¢+08 +1.815e 401
+8.644¢+08 +1:613e+08
+7.564e+08 +1/4126401
+6.483¢+08 +1.210e+08
+5.403¢+08 +1.008+08
+4322¢+08 +8.0666+07
32426401 +6.0506+07
+2.161e+08 +4.0336+40;
+1.08Le+ +2.017e+07
+2.019+02 +2.019+02 +3.406+03
Max: +1.297+09 Max: +2.420e+08 Mas: +1,571e+08
Elem: S03060000-CV/-Ni Elem: R2W-1.29815 Elem: BELTLINEW-1.165
169 Node: 606 Node: 202
Min: +2.019¢+02 Min: +2.019e+02
Elern; SHEAR_PIN-1,108] Elem: SHEAR _PIN-1.1087
863 Node: 8863
Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface contact
v DB Gl 555 o0k Abaque)Srandard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 Y ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 v ODB: QIKR_925.0db  Abaqus/Stan ylight Time 2024

X Step: Step-2, Insert pressures
7 Inarement “11: StepTime = 1,000
Primary Var: S, Mis:

Deformed var: U Deformation Scale Factor: +1,0006+03

NX

Step: Step-2, insert preseurcs X Step: Step-2, insert Cpreseures
Increment Time = 1.000

7 Increment
Primary \Var: s o

Primary Var: s
Deforrhedvar: U Deformation Scale Factor: +1.0006-+03 Dot ot "B formation Scale Factor: +1.000e+03

00 71e+08

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE



Assembly Stresses with gravity and insert loads

25 mm Bolts and Shear Pin
stresses peak 214 MPa in

Part 1 beam line guide
peak stress 13.7 MPa by

Beltline peak stress location weld to front flange bottom shear pin

, Mises S, Mises
(Avg: 75%) (Avg: 75%)

+2.136e+08

+3.206e+04
Max: +1.362e+07

Elem: $03060000-CV-Nj
Node: 24713

+2.019e+02
Max: +2.136e+08
Elem: SHEAR_PIN-2.7630
Node: 11

>

Max: +2.136e+08

Shear Pin surface to surface contact Shear Pin surface to surface contact
ODE: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 ODB: QIKR_S25.0db  Abaqus/Standard 2020HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024
Step: Step-2, in| 2 48 ; Steps Step-2, insert pressures Z Step: step-2, Jsert pressures
Increment 11 Increment Tme = 1.000 Increment Time = 1.000
Primary Var: S, Fimaty Var: <, e Frimary ver: S,

Deformed Var: Deformed var: U Deformation Scale Factor: +1.0006403 Dot ot "B formation Scale Factor: +1.000e+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Assembly Stresses with gravity and insert loads

Bottom Shear Pin peak 213 Front Flange Peak sfress
MPa with mesh shown Front Flange with merged location within 4.25 mm

welds peak 242 MPa by rnng and < 100 MPa outside
bottom shear pin hole rng

sssssss

ANENEEEEEE

Elemn: SHEAR_PIN- Max: +2.420e+08
Elem: R2W-1.29815
Node: 606

Shear Pin surface to surface contact Shear Pin surface to surface contact
ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 v ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4  We tern Daylight Time 2024

Y
Step: Step-2, insert pressures X g l o Z Step: Step2,
Z Increment  11: Step Time = 1.000 Increment 1
Primary Var: S, Mises Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +2,000e+02 Deformed Var: U Deformation Scale Factor: +1.000e+03 Max: +2.420e+08

1.000

0.5 mm bearing surface
offset for rear to avoid
common nodes for both
surfaces

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Assembly Stresses with gravity and insert loads

Stresses in front top, side Front boftom plate peak at Intermediate Flange wi
and bottom plc’res,— 50 side edge and corner o merged welds — peak 8

MPa scale - peak 154 MPa skip weld tie Ve

S, Mi s, Mises
(Avg: 759%) (Avg: 75%)
+1,539¢+08 +1.845¢+08
00e+07 +1:5006+08
4.5846+0. +1:375¢+08
+4.167+07 +1.250e-+01
+3.751e+07 +1.125+08
+3.33de+07 +10006-+0t
+2.518+07 +8.7526+07
+2.501€+07 +7.5026+07
+2.085+07 +6.2526+07
1.668e+0 +5.002e+07
+1.2526+07 +3.7536+0;
+8.353¢+06 +2.503e+07
+4.189¢+06 +1.2536+0: +1.1666+04
06 +3.689e+04 Max: +8.764e+07
Max: +1.539e+08 Max: +1.845e+08 Elem: R7W-1.304984
Elem: R4W-1,231613 Elem: R4W-1.231613 Node: 466050
Node: 136 Node: 136
Max: +1.555e+08
Shear Pin surface to surface contact Shear Pin surface to surface contact Shear Pin surface to surface contacf
ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 v ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4 v ODB: QIKR_925.0db  Abaqus/Sta 17:48:02 Eastern Daylight Time 2024
Step: Step-2, insert pressures Step: Step-3, Vacuum Pressure. X ‘LZ Step: Step-2, insert pressures
Increment  11: Step Time = 1,000 z Increment  11: Step Time =  1.000 Increment  11: Step Time = 1,000
Primary Var: S, Mises Primary Viar: S, Mises Primary Var: S, Mises
Deformed ar: U Deformation Scale Factor: +5.000e+02 Deformed Var: U Deformation Scale Factor: +1.000e+0: Deformed Var: U Deformation Scale Factor: +5.0006+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Assembly Stresses with gravity and insert loads

Rear Top, Side and Boftom
plates peak stress 77 MPa
under front wheel pad

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE

Bottom Plate stress under
Inconel pad - 77 MPa peak

/s symmetry contact
model peak was 91
MPa in 316l under pad

Inconel pad Stress Peak
1251 MPa ( 50x
displacement)

/s symmeitry contact model
Inconel peak was 2643 MPa
using elastic model with no
yielding



Stresses with gravity and insert loads

Rear Flange with merged Peak 12 mm Bolf stress 42.6 Highest Stressed bolt — pea

42.6 MPa

welds peak stress 38 MPa MPa

HHHlllIIHHIIHIIHHIIIHHH

1

+3.6556+03 ‘ l l ‘ +5.6186+04

Max: +3.844e+07
Elem: R12W-1.78038
Node: 120673

Max: +4.256e+07
Elem: P92290A630-2-LIN-30-1.3459
Node: 10389

Max: +4.256e+07
Elem: P92290A630-2-LIN-30-1,3459
Node: 10389

Hin

11
MaxJéiol?llllllllllllllllllllllllllll

Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface conta
v DB Gl 555 o0k Abaque)Srandard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 ¥ ODE: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 BB GIR_955-00b Abacus/Srandard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylght Time 2024
X z x
Step: Step-2, Insert pressures X Step: Step-2, nsert prossures Step: Step-2, nsertpreseures
ncrement "11: Step Time = 1.000 Increment Step Time = 1.000 v Increment me 000
Primary Var: S, Mise Fimary ar: S, ses Bimary var: S, 1o
Deformed var: U Deformation Scale Factor: +5.0006+01 Deformed Var: U Deformation Scale Factor: +5.000e+01 Defored ver: U Deformation Scale Factor: +5.,0006-+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 Gravity, Insert loads and Pressure loads
displacements

Ul minimum -0.188 mm U2 minimum -0.10 mm 3 minimum -0.01 mm

u UL
+8,085¢-06
e

Max: +3 OIEe 05
Node:

Min: -1.028e-0]
Node: SHEAR|

Min: -1.004e-04

Shear Pin surface to surface contac Shear Pin surface to surface contact Shear Pin surface to surface contac Max: +3
Y ODB: QIKR_925.0db Abaqus/$landard 2020.HF4 Wed Sep 25 17:48:02 Eastern Daylight Time 2024 Y ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4 Wed Sep 25 17:48:02 Eastern Daylight Time 2024 Y ODB: QIKR_925.0db Abaqus/slandard 2020.HF4 Wed Sep 25 17:48:02 Eastern Daylight Time 2024
| DX Step: Step-3, Vacuum Pressure l X Step: Step-3, Vacuum Pressure . . Step: Step-3, Vacuum Pressure

Increment  11: Step Time =  1.000 Increment. 11‘ S ep Time = 1.000 Increment  11: Step Ti 1.000

Primary Var: U, UL Primary Var: U, Primary Var:

Deformed Var: U Deformation Scale Factor: +1,000e+03 Deformed Var: U Deformanon Scale Factor: +1.000e+03 Deformed Var: U Deformation Scale Factor: +1.000e+03

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 Gravity, Insert loads and Pressure loads - Stress

Stress 50 MPa scale peak

1292 MPa in pad

No pads — Stress 50 Mpa Bottom plate Peak stress in
scale side view peak 294 isolated element under
MPa in bottom plate contact area with side wall

S, Mises
(Avg: 75%)

Max: +1.296e+09
Elem: S03060000-CV-NE-QIKR-R2_ASH-13_1-1-3,15238
Node: 5169

Shear Pin surface to surface contact.
Y ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4

| X S Step-3, vaum pressure
Increment  11: Step Time = 1,000
Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +1,000e+03

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

s, Mises
(Avg: 75%)

Max: +2.936e+08
Elem: R9W-1.188130
Node: 6791

Shear Pin surface ¥PUrface contact
Y ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024

Step: Step-3, Vacuum Pressure

Increment  11: Step Time = 1.000

Primary Viar: S, Mises

Deformed Var: U Deformation Scale Factor: +1.000e+03

Nx




Step 3 Gravity, Insert loads and Pressure loads - Stress

Axial cut with 50 MPa scale Top 25 mm bolt peak stress
Front Flange peak 243 MPa |l 150 MPa scale peakl56

Displacement factor x1000 by shear pin hole MPa at isolated node at

corner by head

S, Mises Mises
(Avg: 75%) (Avg: 75%)
42.149e+08 +2.430e+08
006407 150006407
3583640 Bac
13167407 +4.167640;
137806407 137516407
333336407 133356107
1215176407 1213186107
1215006407 125026407
120836407 120886407
iTéever0 116656407
4112506407 T1253eh0
185336106 +8/368e406
+a.167e+08 14205610
iTSdser0z $41906+04
M 421490405 Max: +2.430¢+08 Max: +1.561e+08
HEAR_PIN-2,7630 Elem: R2W-1.29815 Elem: BOLT_25-1,657
Node: 606 Node: 102
Max: +2.430e+08
Shear Pin surface to surface col Shear Pin surface to surface contact Shear Pin surface to surface contat
¥ ODB: QIKR_925.0db  Ab: Gt Time 2024 ¥ ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Dayight Time 2024 ¥ e Gk S5 ot Abase/Standard 2020 HF4  Wed Sep 25 17:48:02 Eastern Daylght Time 2024
| Step: Step-3, Vacuum Pressure Step: Step-3, Vacuum Pressure 7 Step: Step-3, Vecuum pressure
X Increment 110 StepTine = 1,000 % Increment 11 Step Tme = 1.000 X naement “41; Step 1.000
Primry Var: S, Mise: Primary Var: S, Mis primary Var: S,
Deformed var: U Deformation Scale Factor: +1,0006+03 Deforrhedvar: U Deformation Scale Factor: +1.0006-+03 Dot ot "B formation Scale Factor: +1.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 Gravity, Insert loads and Pressure loads - Stress

Front Bottom plate stress Rear Top,Side and Bofttom
150 Mpa scale - peak at plate stress 150 MPa scale

Front, side and b
plate stress peak

edge and corner of skip peak 294 MPa at isolated
Id element

s, Mises s, Mises S, Mises
(Avg: 759%) (Avg: 75%) (Avg: 75%)
+1,845€+08 +1.845¢+08 +2.936e+08
+1:500€+08 +1:500e-+0: +1.500+08
1.375¢+0 +1:375¢+08 +1.375¢+08
+1.250e+08 +1.250e-+01 +1.250e+01
+1.125¢+08 +1.125+08 +1.125¢+08
+1.0006+08 +10006-+0t +1.0006+08
+8.7526+07 +8.7526+07 +8.7546+07
7.502¢+07 +7.5026+07 +7.5046+07
+6.2526+07 +6.2526+07 +6.255€+07
5.0026+0. +5.0026+07 +5.0066+07
+3.7536+07 +3.7536+0; 3.756e+0
+2.503¢+07 +2:5036+07 +2.507¢+07
+1.253e+07 +1.2536+0: +1.2586+07
+3.68%e+04 +3.689¢+04 +8.520e+04
Max: +1.845¢+08 Max: +1.845e+08 Max: +2.936e+08
Elem: R4W-1,231613 Elem: R4W-1.231613 Elem: R9W-1,168130
Node: 136 Node: 136 Node: 6791
Max: +1.845e+08
Shear Pin surface to surface contact Shear Pin surface to surface contact
Y ODE: QIKR_925.0db  Abaqus/Standard 2020HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 v ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4 Wed Sep 25 17:48:02 Eastern Daylight Time 2024
X
Step: Step-3, Vacuum Pressure Step: Step-3, Vacuum Pressure z Ssure
z Increment  11: Step Time = 1.000 z Increment 11 Step Time =  1.000 Ind Step Time = 1.000
Primary Var: S, Mises Primary Var: S, Mises Primany var: S, Mises
Deformed Var: U Deformation Scale Factor: +1,0006+02 Deformed Var: U Deformation Scale Factor: +1.000e+0: Deformed Var: U Deformation Scale Factor: +1.0006+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 Gravity, Insert loads and Pressure loads - Stress

Rear Top Plate 50 Mpa Rear Side Plate Stress 50 Rear Side Place Contact

scale peak 43 MPa MPa scale Pressure

™~
Mises CPRESS 7
(Avg: 75%) +5.000+07 -
+5.389¢+07 +4.583e+0: /
+4.1676+07
1508007 ¥3.750e407 .
+3.333¢407
135850 25176407
+3.338e+07 +2.500e+07
+2.083¢+07
+2.322e+07
+1.6676+07
+2:5066+07
+1.250e+07
+2.091e+07
+8.333¢+06
+1.675e+07
+12606-+0: +4.167+06
+8.440e+06 +0.000€+00
Bde Max: +4.124e+07
Max: +4.355e+07 +1.280e+05 Elem: $03060000-CV-NE-QIKR-R2_11-1,214725
Eler: REW-1.118685 Max: +5.389¢+07 Node: 543265
Node: 4290 Elem: $03060000-CV-NE-QIKR-R2_11-1.283866
Node: 6138
Max: +5.
Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface conta
v DB Gl 555 o0k Abaque)Srandard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 v ODB: QIKR_925.0db  Abaqus/Standard 2020 HF4  Wed Sep 25 17:48:02 Eas ime 2024 y  ODB: QIKR_325.0db b/ Standard 2020, HF4  Wed Sep 25 17:48:02 Eastern Dayight Time 2024
X
Step: Step-3, Vacuum Pressure X Step: Step-3, Vacuum Pressure V Step: Step=3, Vacuum pressure
Increment "11: Step Time = * 1.000 Ingrement "11; Step Time = - 1.000 Increment "11: Step 1.000
X Primary Var: S, Mise: Primary Viar: S, Mis Primary Var: CPRE:
Deformed var: U Deformation Scale Factor: +5.0006+02 Deforrhecvar: U Deformation Scale Factor: +5.0006-+02 Dot 0 Deformation Scale Factor: 45.000e+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 Gravity, Insert loads and Pressure loads - Stress

Rear Bottom plate scale 50 Rear Bottom Plate Contac Rear Flange with merged
MPa peak 294 MPa Pressure welds 150 MPa scale pea

CPRESS

3506188
Max: +4.051e+o7 +6.2756+04
Elem: R9W-1.103562 Max: +8.652e+07
MEX +2K9353+°E Node: 6720 Elem: R12W-1,78038

9W-1.188130 Node: 120673
791

Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface contde
X ODB: QIKR_925.0db Abaqus/S(andsrd 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4 Wed Sep 25 17:48:02 Eastern Daylight Time 2024 Y ODB: QIKR_925.0db Abaqus/slandard 2020.HF4 17:48:02 Eastern Daylight Time 2024
Y
m 2 Step: Step-3, Vacuum Pressure Step: Step-3, Vacuum Pressure X ‘Lz Step: Step-3, Vacum pressure
Increment  11: Stey p Time = 1.000 Increment  11: Step Time =  1.000 Increment 11 St p 1.000
Primary Var: S, Mises Primary Var: CPRESS Primary Var: S, M
Deformed Var: U Deformat\on Scale Factor: +5.000e+02 Deformed Var: U Deformation Scale Factor: +5.000e+02 Deformed Var: U Deformat\on Scale Factor: +1.000e+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 Gravity, Insert loads and Pressure loads — Bolt Stress

=, Mises

(Avg: 75%)
+5.000e+07
+4.583e+07
+4.167e+07
+3.750e+07
+3.334e+07
+2.917e+07
+2.500e+07
+2.084e+07

ARRRERTETTTIT
HER T
i EERTIIIIT LTI

Max, +3.533e+07
Elem: P922904830-4,1682
Mode: 6850

l l Mlaxl: -i-IB.!‘?lﬁ-ilO?

llllllllllllllllllllllllllllllllll

External pressure reduces load on bottom bolts- Peak 35 MPa

Shear Fin surface to surface contact
h ODB: QIKR_925.0db Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024

l i yw Step: Step-3, Wacuum Pressure
Increment 11: Step Time = 1.000
Frimary “ar: 5, Mises
Deformed War: U Deformation Scale Factor: +5.000e4+01

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE




Summary

The siresses and displacements in the model appear acceptable

OAK RIDGE 1o

All weld stresses are below 100 MPa

All 316L plate stresses are below 100 MPa, except for one location with two isolated
elements with a poor surface to surface mesh interface and at a weld corner singularity

The highest 12 mm bolt stress was 42 MPa

The 256 mm bolt stresses were below 150 MPa, except at one node at 156 MPa on head
edge with no radii

Shear pin peak stresses were approximately 215 MPa, well below Inconel yield strength of
approximately 1000 MPa

Use of assumed 4.25 mm Inconel support rings around the shear pins kept mating 316L
stress below 100 MPa with ring stress up to about 250 MPa well below Inconel yield
strength of approximately 1000 MPa

The 10 mm Inconel pads under the insert wheels can be expected to have local yielding,
in the contact area but they are not part of the pressure boundary

AAAAAAAAAA
NNNNNNN
nal Labor: ACTOR | SOURCE



	CV QIKR NOZZLE Extension 925 Preliminary Analysis 
	QIKR Nozzle with 10 mm seal welds
	SpaceClaim model from 9/5/24
	Abaqus model with all welds merged
	Beltline Part
	Front part
	Front Flange
	Front Section top plate
	Front side Wall (R5)
	Intermediate Flange
	Top rear plate ( R8W) with merged groove weld
	Rear Bottom plate
	Rear Side Walls
	Rear Flange
	Bolts
	Inserts for QIKR Nozzle
	Wheel to plate contact analysis
	Insert SpaceClaim model
	Wheel geometry with crown surface 
	Wheel cross section and curvature on contact face
	Wheel Abaqus model
	Bottom center to edge elevation change 0.107 mm
	10 mm thick Inconel block
	316L plate 
	Assembly model
	Boundary Conditions
	Symmetry boundary conditions
	Assembly model loads and materials
	Assembly Von Mises Stress with 1250 MPa scale
	Vertical Displacements
	Inconel plate
	Inconel plate contact surface
	Wheel contact pressure and stress
	Assembly stress with 170 MPa scale
	Comparison to ideal cylinder on plate
	Contact model Analysis Summary
	Assembly Mesh Model
	12 mm bolt Constraints -168 
	Front flange top bolt tie constraints - bottom constraints similar
	Shear Pin Surface to Surface Interactions – top shown – bottom similar
	Weld Tie Constraints
	Front Flange (R5W) and Beltline welds 
	Front Flange ( R2W) welds
	Front 10 mm Groove welds
	Intermediate flange (R7W) welds
	Skip weld ties around Intermediate flange – 11 total
	Groove Weld Tie Constraints to rear side wall
	Rear Flange Weld tie constraints
	Skip weld tie constraints with rear flange – total 14
	Inconel pad tie constraints to bottom plate ( 3 locations)
	Shear pin tie constraint
	Interactions
	Interactions around front flange
	Front Side Wall interactions
	Intermediate flange interactions
	Rear side wall (R11) interactions
	Boundary Conditions
	Loads
	Uniform Pressure (Pa) loads from inserts on wheel pads
	Results
	Displacements with only gravity and no inserts
	Assembly Gravity only no inserts peak S 87 MPa in bottom shear pin
	Assembly Displacement with gravity including insert loads
	Assembly Stresses with gravity and insert loads
	Assembly Stresses with gravity and insert loads
	Assembly Stresses with gravity and insert loads
	Assembly Stresses with gravity and insert loads
	Assembly Stresses with gravity and insert loads
	Stresses with gravity and insert loads
	Step 3 Gravity, Insert loads and Pressure loads - displacements
	Step 3 Gravity, Insert loads and Pressure loads - Stress
	Step 3 Gravity, Insert loads and Pressure loads - Stress
	Step 3 Gravity, Insert loads and Pressure loads - Stress
	Step 3 Gravity, Insert loads and Pressure loads - Stress
	Step 3 Gravity, Insert loads and Pressure loads - Stress
	Step 3 Gravity, Insert loads and Pressure loads – Bolt Stress
	Summary

