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Core Vessel Introduction and Requirements

« The following components are directly or indirectly supported by the
Core Vessel:
« Target Assembly
« Moderator Reflector Assembly
» Core Vessel Shielding
« Monolith Inserts (neutron guide optics)
» Target Viewing Periscope

Relevant mechanical loads:
» Gravity

* [Internal vacuum

« Cooling water pressure

e Seismic

 Thermal

Core Vessel Structural Requirements:
« Maximum allowable membrane stress = 115 MPa
« Maximum allowable membrane plus bending stress = 172.5 MPa
« Maximum allowable deflections vary based on location
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Overall Core Vessel Seismic model with merged parts

Dog-house Top_312

Load Ring

Tent Assy

Lid and covers

pper Vessels

Beltline
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Analysis sequence

Step 1 — Gravity only with internal shielding weight simulated with a pressure on the core vessel lip
Step 5 — Added Seismic side load of .072 G to give approximately 5 mm lateral displacement at shaft bottom

Step 6 — Added Seismic side load of .39 G for a total of .46 G with a 5mm displacement boundary condition
applied to nodes at the bottom of the shaft near contact area with snubber ring

« Step 2 — Vacuum pressure loads added
« Step 3 — Internal water pressure load added

» Step 4 — Core vessel CFD temperatures added with all model nodes assumed initially at 36 C stress free and
the Core vessel CFD temperature applied to the lower cylinders, beltline, upper cylinders and lid. The results
for this step then included all loads

« Seismic analysis assumes the shaft is centered in the snubber ring attached to the core vessel
shielding with a 5 mm gap all around

 |f the shaft is offset within the ring or if the ring can move under the seismic load, allowing a greater
shaft displacement in one direction, the stresses could be significantly increased
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Step 1 Gravity loads Results

Vertical deflection 0.4 mm max downward Von Mises Stress Peak Stress 166 MPa

U, uz 5, Mises
+2,3360-08 (Avg: 75%)
2924e-03 +1.6572+08
-7.2aie-09 +1.5192+08
-1.088e-04 +1.381e+08
-1.450e-04 +1.243e+08
-1.813e-04 +1.104+08
-2.1768-04 +3 6648407
-25385-04 +8.2842407
2901e-04 +6.2032+07
22gde-0d +5.522e+07
3.6208-04 +4.13%e+07
-3.989e-04 +2.7618+07
-4.351e-04 +1.3818+07

Max: +2.3362-08 +4.8578+01

Node: LOWER_VESSEL-1.422849 Max: +1.6575+08
Min: -4.351a-04 Elem: LOAD_RING2-1,400068
Node: FOOT_V12_2TM-1-RAD-20.671 Node: 258

46 seismic, pressure, temp, gravity
Y oDB: Cy_all.odb  Abagus/Standard 2025 Thu Mar 19
i |

l Step: Step-1, GRAVITY
z X Increment  6: Step Time = 1,000

Primary var: U, U2
Deformed Var: U Deformation Scale Factor: +5.000e+01

46 seismic, pressure, temp, gravity
Time 2025 ¥ ODB: CV_allodb  Abagus/Standard 2025 TH

l Step: Step-1, GRAVITY
z X Increment 6 Step Time = 1.000

Primary Var: 5, Mises
Deformed Var: U Deformation Scale Factor:

Wl tern Daylight Time 2025

115 MPa scale max
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Step 5 Side load to give approximately 5 mm displacement

Sideload .15 g Peak stress 416 MPa Peak at sharp corner and localized

4= Edit Load
Name: Load-7
Type:  Gravity
Step: Step-5 (Static, General)
Region: (Whole Model) [3
Distribution: | Uniform
Component 1: -0.7068
Component 2: 0
Component 3: 0
Amplitude: (Ramp)
25 Thu Mar 13 15:10:29 Eastern Daylight Time 2025

¥ .46 seismic, pressure, temp, gravity
ODB: C\_all.odb Abagus/Standard 2025  Thu Mar 13 15:10:29 Eastern Daylight

Scale max 1.5 Sm - 172 MPa
This step was included to distinguish stresses incurred from shaft angular deflection from full .46 G side load
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Step 6 - side load added to give a total of 0.46 g and 5 mm
displacement boundary condition at shaft bottom added

5mm displacement boundary condition
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Step 6 gravity plus .46 seismic side load

U1 horizontal displacement peak 5.7 mm S peak 447 MPa on load ring sharp corner

EVE +4Teae$cw.::

-2-1-RAD-19.13

.46 seismic, pressure, temp, gravity SDB: all.lodb  Abaqu dard 2025 Thu Mar 13 15: 1 astern Daylight Time
CDB! €V _allodb  Abaqus/Standard 2025  Thu Mar 13 15:10:29 Eastern Daylight Time 2025 -
1 agbat 5 mm displ 1ent
t at S mm displacerignes

e Factor: +5.000e+01
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Step 6 Peak stress 226 MPa in core vessel structure by tent

Peak Core Vessel stress 226 MPa Peak at singularity average below 172 MPa

2.286e+08
+1.720e+08
+1.577e+08
e100 11355108
e+0 +1.290e+

290e+08 +1.147e+08
la/etU +1.003e+08
20%e+08 +8.601e+407
7.1686+07 A R
+5.735e+07
+4.302e4+07
+2.869¢+407
. +1.436e+07
> 663e+04 +2.663e+04

Max: +22E€6&+[_JE!H “ Max. +2.286e+08
Elem: TENT_ASSY-1.90518 Elem: TENT_ASSY-1.90518

Node: 638 Mal +2‘£ii‘ja Node: 638
*'ﬁ:'

“

&)

.45 seismic, pressure, temp, gravity
ODB: Cv_all.odb Abaqus/Standard 2025 | Thu Mar 13 15:10:29 Eastern Daylight Time 2025

Step: Step-6, side load added after contact at 5 mm displacement
Increment 1: Step Time = 1.000
Primary \ar: S, Mises

Deformed var: U Increment

Primary Va
Deformed
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Analysis for Vacuum Pressure, Water Pressure and Thermal
loads added to gravity and Seismic loads

MT11

M|\ Y

% Edit Load 4 Edit Load

Name: Load-4 Name: target area pressure

Type:  Pressure Type:  Pressure
Step:  Step-2 (Static, General)

Region: Sur-82 [

Step:  Step-2 (Static, General)
Region: pressure [y
Distribution: | Uniform Distribution: | Uniform

Magnitude: | 100000 Magnitude: | 10100

%
~
B
o

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

Cancel Cancel

CALTTAY AW

4 Edit Load

Name: Locd-6

Type:  Pressure

Step:  Step-3 (Static, General)
Region: beltine-1beltine_water [3

Distribution: | Uniform o

Magnitude: | 500000

Amplitude: | (Ramp) M P

Cancel
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Step 4 Results — Seismic and operational loads

U1 peak 5.8 mm U2 peak 1.1 mm down and 1 mm up at bottom plate

U, U1 U, uz
+1.519e-04 +0.663e-04
-3.422e-04 +7.930e-04
-8.362e-04 +6.2162-04
-1.330e-03 +4.492e-04
-1.824e-03 +2.768e-04
-2.318e-032 +1.045e-04
-2.812e-032 -6.791e-03
-3.306e-032 -2.403e-04
-3.800e-032 -4.126e-04
-4.294e-03 -3.850e-04
-4.789%e-03 -7.a74e-04
-3.283e-03 -9.297e-04
-5.777e-02 -1.102e-03
Min: -5.777e-03 Max: +9.6632-04
Mode: STALK_TM-2-1-RAD-19,131993 Node: LOWER_WESSEL-1.624058
Min: -1,102e-03
Mode: STALK_TM-2-1-RAD-11,103930 02e-03

46 seismic, pressure, temp, gravity

46 seismic, pressure, temp, gravity
¥ ODB: CV_all.odb  abaqus/Standard 202§ Y 0DB: CV_all.odb  Abagus/Standard 2025 Thu Mafl Time 2025
T Step: Step-4, Temperatures added T Step: Step-4, Temperatures added
@= Xlrcrement  1: Step Time =  1.000

@= Xlncrement 1 Step Time = 1.000
Primary war: U, Uz

Primary War: U, U1 ) 1
Deformed War: U Deformation Scale F; Deformed war: U Deformation Scale Factor: +5.000e+01

Thu Mar 13 15;
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Step 4 Core Vessel Stress Results — Seismic and operational
loads

Core Vessel Stress — 172 MPa peak — 60 MPa scale Peak stress 172 MPa by “tent” leg connection

Mawx: +1.727e+08

S, Mises 5, Mises
[Avg: 7S%) [Avg: 75%)
+1.727e+08 +1.727e+08
+6.000e+07 +6.000e+07
+5.500e+07 +3.900e+07
+5.000e+07 +3.000e+07
+4.500e+07 +4.500e+07
+4.000e+07 +4.000e+07
+3.500e+07 +3.500e+07
+3.000e+07 +3.000e+07
+2.500e+07 0%
+2.001e+07
+1.501e+07
+1.001e+07
+5.008e+06
+2.2092+03
Max: +17272+08
Elem: TENT_ASSY-1.85364
Mode: 685

46 seismic, pressure, temp, grg
Y ODB: CV_all.odb  Abagqus/Stag

Step: Step-4, Temperatures 38
yxIncrement 1. Step Time =#5gk
Primary War: S, Mises

Deformed War: U Deformation Scale Factor: +5.000e+01

astern Daylight Time 2025
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Step 4 Stress Results — Seismic and operational loads

Lid gusset — 40 MPa scale maximum Vessel Stress 60 MPa scale - mesh

W

L
i ﬂ""fi?“i

M

il

i

MY
i

N/
M;‘m

%OAK RIDGE |5
Nat

ional Laboratory | STATION



Step 4 results with a cut 1 mm above the load ring tie to the
tent assembly

Vertical stress and loads at bottom of load ring and legs Vertical stress and load in central ring

5, 522
5, 522 '
(fwg: 75%) (Avg: 75%)
+3.0358+407 * TRy
: +1.938e+07
+8.408e+06

+1.938e+07
-2.563e+06

+8.408e+06
2.563e+06
: -1.353e+07
e = =g 21451e+07 )
- =Y 35488407
45458407
Max: +3.088e+07

-3.548e+07
-4.645e+07
-5.7423107 -5.742e+07
-6.839e+07 -g.gggmg;
-7.036e+07 ) 7 036e+
-9\033e+07 Vit (e - - -9.033e+07
-1.013e+08 e = -1.013e+08
Max: +3.035e+07 Max: +3.035e+07
Elem: LOAD_RINGZ-1,328056 Elem: LOAD_RING2-1,328056
Mode: 561419

MNode: 561419

1.753e+05 1.553e+035

46 seismic, pressure, temp, gravity

46 seismic, pressure, temp, gravity . .
ODB: CV_all.odb  Abagus/Standard 2025 Thu Mar 13 15:10:29 Eastem Daylight Time 2023 ODB: Cy_all.odb  Abaqus/Standard 2025 Thu Mar 13 15:10:20 Eastern Davlight Time 2025

Step: Step-4, Temperatures added :

Increment  1: Step Time = 1,000 s Bl I Temperatures added

Primary “ar: 5, 522 In_crement 1: Step Time = 1.000
Primmary “War: 5, 522

Approximately 88% of the vertical load is transmitted to the central ring
%OAK RIDGE |52
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The overpressure case with 15 PSIG internal pressure was
evaluated

« The external pressure of 1 bar in step 2 was replaced with an internal pressure of 103400 Pa (15 PSIG)

» All other loads were applied as previously done including seismic displacement and imported temperature
profile
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Internal 15 PSIG case added for Step 2

Internal 15 psig on core vessel Surfaces with 15 PSIG applied

Name: Load-4

Type:  Pressure

Step:  Step-2 (Static, General
Region: inside_15psi [}

Distribution: Uniform

Magnitude: | 103400

Amplitude: | (Ramp)

%OAK RIDGE SSSSSS
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Mises stress with combined loads including internal pressure

Peal stress 213 MPa in core vessel

S Mises = 172 MPa scale maximum

3, Mises

(Avg: 75%)
+4.512e4+08
+1.720e408
+1.577e+08
+1.433e+08
+1.290e4+08
+1.147e408
+1.003e+08
+5.600e+07
+7.167e+07

light Time 2025
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Peak core vessel stresses with all loads still driven by shaft
displacement with a peak of 213 MPa at a corner singularity

Von Mises stress with 50 MPa scale maximum Peak stress in lower cylinder of 82 MPa in

) IVIF
5, Mises
(Avg: 75%) Max: +2.1292+08
+2.1292+08 f
+5.000e+07 S, Mises
+4.5832+07 (Avg: 75%)
+4.167e+07 +8.251e+07
+3.750e+07 +5.000e+07
+3.333e+07 +4.585e+07
+2.917e+07 +4.170e+07
+2.500e+07 +3.754e+07
+2.084e+07 +3,339e+07
+1.6678+07 +2.924e+07
+1.250e+07 +2.50%9e+07
+8.337e+06 +2.093e+07
+4.170e+06 +1.678e+07
+3.810e+03 +1.263e+07
. +8.,478e+06
Max: +2,129e+08 T Sheetng
+1.740e+03
Max: +8.251e+07
Elem: LOWER_WESSEL-1.53170
Mode: 882672

internal 15psi lo: 5
Y QDB: cv_all_Pin Abagus/standard 2025 Thu spr 03 12:44:56 Eastern Daylight Time 2025

X Step: Step-4, Temperatures added
Increment 1: Step Time = 1.000
7 Primary War: S, Mises
Deformed War: U Deformation Scale Factor: +5.000e+02

%OAK RIDGE | %228
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Component Stresses with all loads including internal pressure

Lid and Covers — peak 86 MPa

Tent Assembly 50 MPa scale — peak 213

S, Mises

(Avg: 75%)
+8.638e+07
+5.000e+07
+4.583e+07
+4.167e+07
+3.750e+07
+3.333e+07
+2.917e+07
+2.500e+07
+2.084e+07
+1.667e+07
+1.250e+07
+8.337e+06
+4.170e+06
+3.8192+03

Max: +8.638e+07
Elemn: LID_COWVERS-1.117094
MWode: 21040

Increment
Primary War: S, MISH
Deformed Var: U Derd

%OAK RIDGE |t
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S, Mises

(&wg: 75%)
+2.120e+08
+3.000e+07
+4.584e+07
+4.167e+07
+3.751e4+07 - +2.129e+08
+3.334e+07
+2.918e+07
+2.502e+07
+2.085e+07
+1.669e+07
+1.253e+07
+2.362e+06
+4.198e+06
+3.427e+04

Max: +2.129e+08
Elern: TENT_ASSY-1.90518
Mode: 638

internal 15psi load added
Y QDB cv_all_Pin_.odb  AbagqusfStandard 2025 Thu Apr 02 12:44:56 EJ

4 Step: Step-4, Temperatures added
x Increment 1: Step Time = 1.000
Primary war: S, Mises
Deformed war: U Deformation Scale Factor: +5.000e+02



Summary

» Results are preliminary and do not include any bolt analysis

» Elastic material properties assumed

* Mesh refinement in some high stress locations would be desirable

* Lower Vessel thermal stresses assume a 36 C base plate temperature
* Loads do not include nozzle extensions

« Approximately 88 % of the vertical gravity loads from the target assembly go through the central ring
structure and only approximately 12 % is carried by the “legs”

« Calculated Core vessel stresses all are at or below the 172 MPa limit for 1.5 Sm on membrane plus bending
including a .46 G seismic load in the beam upstream direction and vacuum operation

« The target shaft load ring and core vessel peak stresses are driven by the angular deflection of the stiff shaft

« The peak stresses are very sensitive to the amount of deflection at the base of the shaft within the nominal 5
mm gap from the restraint ring

%OAK RIDGE | %228

National Laboratory | STATION



Summary (continued)

« An internal pressure of 15 psig instead of vacuum increased the peak stress at the tent leg connection corner
singularity from 172 MPa to 213 MPa including a 5 mm seismic displacement at the bottom of the shaft

« Stresses from the internal pressure were generally below 90 MPa except at the singularity by the leg
connection

« Cover plate stresses from internal pressure did not consider bolt loads and assumed merged surfaces

%OAK RIDGE | %228
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Summary (continued)

Relevant mechanical loads:

« Gravity = Included

e [Internal vacuum = Included

« Cooling water pressure - Included
¢ Seismic = Included

 Thermal = Included

Core Vessel Structural Requirements:
« Maximum allowable membrane stress = 115 MPa
« Maximum stress observed in CV shells = ~ 60 MPa - PASS
« Maximum allowable membrane plus bending stress = 172.5 Mpa
« Maximum bending stress in bottom lid = ~80 MPa - PASS
« Maximum bending stress in top lid under vacuum loading = 172 MPa - PASS
« Maximum bending stress in top lid under pressure loading = 213 MPa = FAIL

» A comprehensive deflection analysis will be performed during final design

%OAK RIDGE | %228
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Shield Block #1 Introduction and Requirements

« The following components are directly or indirectly supported by
Shield Block #1:
« Target Assembly Snubber
« Moderator Reflector Assembly
« Core Vessel Shielding
» Target Viewing Periscope

Relevant mechanical loads:
» Gravity

* [Internal vacuum

« Cooling water pressure

e Seismic

 Thermal

Core Vessel Structural Requirements:

« Maximum allowable membrane stress = 115 MPa

« Maximum allowable membrane plus bending stress = 172.5 MPa
« Maximum allowable deflections vary based on location

SECOND
TARGET
STATION
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Cooled Block #1 Structural Analysis

Stainless Steel

Density

Structura
“ |sotropic Elasticity
Derive from
Young's Modulus
Poisson's Ratio
Bulk Modulus
Shear Modulus
Isotropic Secant Coefficient of Thermal Expansion
Compressive Ultimate Strength
Compressive Yield Strength
Tensile Ultimate Strength
Tensile Yield Strength

Therma
Isotropic Thermal Conductivity

Specific Heat Constant Pressure

%OAK RIDGE |t
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st

Modes 14254638
Elements 9665921
Show Detailed 5t... Mo

7750 kg/m?

= e
= =
Y

A=

v
AWy

Young's Modulus and Poisson's Ratio
1.93e=11 Pa
0.31
1.693e+11 Pa
7.3664e+10 Pa

1.7e-05 1/°C
0 Pa
207e+08 Pa
5.86e-08 Pa
207e+08 Pa

151 W/m:°C 0.00 1000.00 2000.00 (mm)

480 JkgC 200.00 1500.00



Structural Analysis Applied Loads

4/16/2025 10:20 AM

. Pressure: 5.e+005 Pa
Standard Earth Gravity: 9.8066 m/s”




Structural Analysis Boundary Conditions

J: Static Structural
Fixed in X and Z
Time: 1. s
4/16/2025 10:19 AM

@ Fixed ¥ Plane

Fixed in X and 7

%OAK RIDGE SSSSSS
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Structural Analysis Deformation Results

MRA Landing
Points

J: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 15

4/16/2025 10:22 AM

0.58025 Max
0.51578
0.4513
0.28683
0.32236
0.25789
0.19342
012894
0.064472

0 Min

0.00 1000.00 2000.00 (mm)

500,00 1500.00
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Structural Analysis Stress Results

J: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

4/16/2025 10:22 AM

109.09 Max
06,995
84,904
72.814
60.724
48.633
36.543
24,452
12.362
0.27141 Min

0.00 1000.00 2000.00 (mm)

200.00 1500.00

%OAK RIDGE |t
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Shield Block #1 Summary of Results

Relevant mechanical loads:

* Gravity 2

 Internal vacuum - Applied

» Cooling water pressure - Applied
« Seismic 2 Not Applied

* Thermal > Applied

Core Vessel Structural Requirements:
« Maximum allowable membrane stress = 115 MPa
« Maximum stress in shield block body ~ 50 MPa &> PASS
« Maximum allowable membrane plus bending stress = 172.5 MPa
« Maximum stress in cover plates (bending) = 109 MPa > PASS
« Maximum allowable deflections vary based on location
« Maximum deflection at far edge = 0.58mm
« Maximum deflection at moderator anchor points = 0.35mm

%OAK RIDGE | %228
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Shield Block #3 Introduction and Requirements

« The following components are directly or indirectly supported by Shield Block #1:
« Target Assembly Snubber
» Core Vessel Shielding
» Target Viewing Periscope

Relevant mechanical loads:
» Gravity

* [Internal vacuum

« Cooling water pressure

e Seismic

 Thermal

Core Vessel Structural Requirements:

« Maximum allowable membrane stress = 115 MPa —
« Maximum allowable membrane plus bending stress = 172.5 MPa

« Maximum allowable peak stress under self-limiting conditions = 345 MPa

%OAK RIDGE |[5:32%
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. Temperature from CFD (STARCCM+)

Name -|S Out Ve

H Project
= & Model (B4)

+[B) Geometry Imports

-~ Geometry

[ Materials

v 3 Coordinate Systems

~[%) Connections

B, Mesh

i y%h Patch Conforming Method

% Named Selections

B e Sructurol (59)
,/IH] Analysis Settings
% Standard Earth Gravity

@ Displacement_Vertex_Y_Fixed
~@. Pressure

@, Pressure 2

~@. Pressure 3

»®_ Displacement_Plane_Y_Fixed
2-{5) Imported Load (A2)

. B-,P§ Imported Body Temperature
B i Solubo (B6) A

BB Colbinn Tafarmmabine

Details of "Static Structural (B5)"

~®, Fixed Support_Vertex_XZY_Fix
~@_ Displacement_Vertex_YZ_Fixed

ed

A

Shield Block #3, SS316 (Design_31)

~

vaOx

=I| Definition
Physics Type

Structural

Analysis Type Static Structural

Solver Target
-I| Options

Mechanical APD|

r—
Environment Temperature |322 CI

Generate Input Only |No

Constant 5 bar Pressure

Structural BCs

B: Static Structural
Static Structural
Time: 1. s

Al Fixed Support_Vertex_XZY_Fixed
Displacement_Vertex_YZ_Fixed
[€] Pressure: 0.5 MPa

[B) Pressure 2: 0.5 MPa

[B] Pressure 3: 0.5 MPa S
[F| Standard Earth Gravity: 9806.6 mm/s? \—r———-{,,,@

@ Displacement_Plane_Y_Fixed

500.00

1000.00 (mm)

<10 K0T R €1 X[ R

BC-A: Point fixed in x, y and z directions

> Reference point
« BC-B: point fixed in y and z directions.

> Fixed iny and z : prevent rotation

> This point can only move in x direction (beam direction)
« BC-G: Plane fixed iny

» Block rests on flat surface

BC-F: Gravity (-y direction)
BC-C-E: Constant 5 bar pressure



Temperature Profiles from CFD (STARCCM+)

Imported Temperature

B: Static Structural
Imported Body Temperature

Time: 1. s
Unit: °C

. 53.204 Max
50.871
1 48.538
46.204
43.871
41.538
39.204

36.871 &
34.538
32.204 Min

0.00 400.00 800.00 (mm)

000 eobo0
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Shield Block #5, Mesh Configuration

Nodes 12,510,087
Elements 8,303,253

0.00 400.00 800.00 (mm)

0000 =B00.00

%OAK RIDGE |t
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Water Pressure Only (S bar Constant) ™= \/on-Mises Stress peak stress: 252 MPa
B: Static Structural SS316 Yield Strength: 252 MPa

Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa
Time: 1s
. 252.21 Max
150
—1 120
— 100
80
F 50 Y
10
5 ez
I ! &—J
0.0018395 Min 0.00 450.00 900.00 (mm)
B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s
252.21 Max
150
120
100
— 80
| 50
10
53
1
%OAK RIDGE |55 0.0018395 Min 8 00.00 200.00 (mm)
National Laboratory | STATION W




Water Pressure Only (5 bar Constant)

Total Deformation

B: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm
Time: 1s

0.3073 Max
0.27315
0.23901
0.20486
0.17072
0.13658
0.10243
0.068288
0.034144

0 Min 0.00 450.00 900.00 (mm)

W

X - Deformation

B: Static Structural
Directional Deformation_X
Type: Directional Deformation(X Axis) L
Unit: mm

Global Coordinate System
Time: 1s &

0.017096 Max
0.0097354
0.0023749
-0.0049855
-0.012346
-0.019706
-0.027067
-0.034427
-0.041788 0.00 450.00 900.00 (mm)

Displacement

Y - Deformation

B: Static Structural
Directional Deformation_Y

Type: Directional Deformation(Y Axis)
Unit: mm
Global Coordinate System
Time: 1s

0.14922 Max
0.13131
0.1134
0.095499
0.077594
0.059688
0.041783
0.023877
0.0059717 0.00 450.00 900.00 (mm)

Z - Deformation

B: Static Structural
Directional Deformation_Z

Type: Directional Deformation(Z Axis)
Unit: mm
Global Coordinate System
Time: 1s

0.021268 Max
-0.015239
-0.051746
-0.088253
-0.12476
-0.16127
-0.19777
-0.23428
-0.27079 0.00 450.00 900.00 (mm)




Thermal Only Von-Mises Stress Peak Stress : 522 MPa
SS316 Yield Strength: 252 MPa

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s

522.11 Max
150

120

100

80

50

10

5

1

0.026673 Min 1000.00 (mm)

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

522.11 Max
150

120

100

80

50

10

5

1

%OAK RIDGE |3 0.026673 Min

National Laboratory | STATION



Thermal Only

B: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm
Time: 1s

0.1965 Max
0.17467
0.15283
0.131
0.10917
0.087333
0.0655
0.043667
0.021833

0 Min

B: Static Structural
Directional Deformation_X

Type: Directional Deformation(X Axis

Unit: mm
Global Coordinate System
Time: 1s

0.17981 Max
0.15604
0.13228
0.10851
0.084739
0.060971
0.037202
0.013434
-0.010334
-0.034103 Min

Total Deformation

0.00 500.00 1000.00 (mm)

W

X - Deformation

0.00 500.00 1000.00 (mm)

W

Displacement

Y - Deformation

B: Static Structural
Directional Deformation_Y

Type: Directional Deformation(Y Axis
Unit: mm
Global Coordinate System
Time: 1s

0.082559 Max
0.07293
0.063301
0.053673
0.044044
0.034415
0.024786
0.015157
0.0055286 0.00 500.00 1000.00 (mm)

Z - Deformation

B: Static Structural
Directional Deformation_Z
Type: Directional Deformation(Z Axi
Unit: mm

Global Coordinate System
Time: 1s

0.14633 Max
0.1287
0.11106
0.09343
0.075797
0.058164
0.04053
0.022897
0.0052639 0.00 500.00 1000.00 (mm)



3 bar pressure + Thermal + Gravity VO“' M ISeS Stress Peak Stress : 521 MPa
SS316 Yield Strength: 252 MPa

%

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mi
Unit: MPa
Time: 1s

OAK RIDGE

National Laboratory

921.69 Max
150

120

100

80

o0

10
: A
1

0.048254 Min 0.00 400.00 800.00 (mm)

W

SECOND
TARGET
STATION




5 bar Pressure + Thermal + Gravity

Total Deformation

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1s

0.2758 Max
0.24515
0.21451
0.18386
0.15322
0.12258
0.091932
0.061288
0.030644

0 Min 0.00 400.00 800.00 (mm)

X - Deformation

B: Static Structural
Directional Deformation_X
Type: Directional Deformati
Unit: mm

Global Coordinate
Time: 1s

0.1803 Max
0.15649
0.13267
0.10886
0.085048
0.061235
0.037422
0.013609
-0.010204 0.00 400.00 800.00 (mm)

-0.034016 Min W

Displacement

Y - Deformation

B: Static Structural
Directional Deformation_Y
Type: Directional Deformati
Unit: mm

Global Coordinate
Time: 1s

0.16765 Max
0.14773
0.12782
0.10791
0.087994
0.06808

0.048167 ® §|
0.028253

0.0083397 0.00 400.00 800.00 (mm)

-0.011574 Min W

Z - Deformation

B: Static Structural
Directional Deformation_Z
Type: Directional Deformati
Unit: mm

Global Coordinate
Time: 1s

0.14632 Max
0.099746
0.053173
0.0065998
-0.039973

-0.086546
-0.13312 = §|
-0.17969

-0.22627 0.00 400.00 800.00 (mm)



Shield Block #3 Summary of Results

R

elevant mechanical loads:

Gravity = Included

Internal vacuum - Included
Cooling water pressure - Included
Seismic = Not Included

Thermal = Included

Core Vessel Structural Requirements:

%

Maximum allowable membrane stress = 115 MPa

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mi
Unit: MPa
Time: 1s

521.69 Max
150

120

100

80

50

10 I
5 [

1

0.048254 Min 0.00 400.00 800.00 (mm)

W

Maximum allowable membrane plus bending stress = 172.5 Mpa
« Maximum bending stress in covers = 252 MPa - FAIL

Maximum allowable peak stress under self-limiting conditions = 345 Mpa
« Maximum thermal-induced stress = 522 MPa - FAIL

OAK RIDGE |35

National Laboratory | STATION
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Abaqus model of Nozzle Assembly

Assembly with Four Parts Half
Symmetry Merged Assembly

* Most welds and flanges were merged
e Four parts

— Outer nozzle, flange, most welds

— Inner nozzle and weld to core vessel and welds
to upper and lower support blocks

— Upper support block

— Lower support block
e Skip welds on curved edges not modeled

e Quter to inner nozzles connected by tie S
conditions on the interface weld and skip
welds

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE




Nozzle Mesh

Overall Mesh with C3D10 elements

total 1,682,518 elements for nozzle
parts Mesh around Joint region

SPALLATION
NEUTRON
SOURCE

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




Analysis

e The assembly was evaluated in the following steps
1. Pretension on the bolts and gravity

2. Gravity and the full mass of the insert loaded on a small wheel
bearing area near the axial middle

3. Gravity and pressure without the insert mass



Pretension bolt loads

Preload applied on bolt cross
sections

e M16 bolts (Stainless steel class A4-70, Proof
strength 450N/mmA2) = 52,987 N

e M20 bolts (Stainless steel class A4-70, Proof
strength 450N/mmA2) = 82,616 N

Half bolts on z symmetry plane had half the force
applied

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor:

6 bolts with preload




Pretension Step

S Mises Close view

5, Mises

(Avg: 75%)
+7.721e+08
+7.077e+02
+6.4342+08
+5.791e+08
+5.147e+082
+4.504e+08

+6.434e+07
+3.535e-01
Max: +7.721e+08
Elem: P915024295-5-1.19
MNode: 2871

frictionless tet madel full insert mass
Y 0ODB: nozzle_lower.odb  Ahaqus/Stan|

X.i > Step: pretension, prestension
Increment  11: Step Time = 1.000
Primary Var: 5, Mises
Deformed War: U Deformation Scale Fal

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Upper bracket stresses

20 mm bolt Mises — 400 MPa bolt

1eld maximum scale Mating upper bracket Mises stress

(Awg: 75%)
+7.721e+08 L3 L3 ]
+4.0002+08 Wl | m Xl m m
+3.6742+08
+3.347e+08
+3.021e+08
+2.6942+08
+2.368e+08
+2.0412408
+1.715e+08
+1.388e+08
+1.062e+08
+7.3528+07
+4.0872407
+8.2228+06
Max: +7.721e+08
Elem: PO915024205-5-1.15261
Mode: 2871
S, Mises
(Awg: 79%)
+3.594e+08
+2.500e+08
+2.202e+08
+2.083e+08
+1.875e+08
+1.667e+08
+1.459e+08
+1.250e+08
+1.042e+08
+58.320e+07
+0.253e+07
frictionless tet model full insert mass Igééggig;
¥ ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 145156404
Step: pretension, prestension Max: +3.594e+08
Increment  11: Step Time = 1.000 Elem: PART-2-1.10273
z Py Mode: 197

frictionless tet model full
Y QODB: nozzle_lower.odb

k Step: pretension, prestension
7z Increment 11:StepTime = 1.000
Primary Var: 5, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+02

1.000

ixax xuxxsSaiSOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE




Lower Bracket Pretension Step

Lower Bracket Mises with 400 Bolt Mises stress — 400 MPa

Core Vessel Mises stress

MPa scale maximum scale

s, Mises s, Mises
5%

(Avg:

432420408

Max: +3.564e+08
Elem: PART-1-2.15457
Node: 566

Max: +7.721e+08
Elem: P315024295-5-1.15261
Node: 2871

Max: +6.6132408
Elem: PO15026277-2-1.5041
Node: 18205

fictionless tet model full insert] frictionless tet model full i
b

frictionless tet model full insert mass
Y ODB: nozzle_lower.odb  Abad) Y ODB: nozzle_lower.odb pP020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 M ODB: nozzle_lower.odb  Abaqus/Standard 2020 HF4  Thu Sep
:
1y 2 s proansion, restonsion PX SR Step: pretnsion, restansion
a3 S Tma 1000 et G ma - e St 1000
B, iy Bt L Bt S
Deformed Var: U Deformation Scale Factor: +1.000e+02 Deformed Var: U Deformation Scale Factor: +1.000e+02 Deformed Var: U Deformation Scale Factor: +3.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Vertical deflections due to Pretension

Vertical Displacement Upper Bracket Vertical Displacement Lower Bracket

U, U2 (CSY5-1)
+5.2316-05

+8.738e-06
+1,4778-06
-5.7848-06
-1:3052-05
-2:0318-05
-2.757e-05
-314838-05
Max: +5.231e-05
Node: P915024205-6-1.2559

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

+5.738e-08

+1.477e-06
784e-06
305e-0%
031e-05

Max: +5.231e-05
Mode: PO15024295-6-1,25591

frictionless tet mode! full insel )
ODE: nozzle_lower.odb  Aba ime 2023

| Step: pretension, prestension|
X z Increment  11: Step Time =

Primary Var: U, U2 (C5Y5-1)
Deformed Var: U Defarmatio



Support Blocks with gravity and pretension

Open Contact — Upper support Lower support block- Contact
block pressure from vertical and axial pins

Upper block pulls away from core vessel and lower block contacts
vessel and carries vertical loads

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE




Step 2 - Gravity loads including Insert mass

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Insert to be installed within nozzle

Monolith Insert Mass = 1830 kg
The red parts are wheels, so we can assume
a small width contact area

%OAK RIDGE |[5:32%

National Laboratory | STATION



Insert mass loading worst case assumption

Roller Pressure on back nozzle

Loading Assumption section
e Total mass 1830 kg

# Edit Load

» Worst location on thinner plate

MName: Load-6

e Assume the whole mass is supported on
the two wheels without accounting for an

Type:  Pressure
Step:  Step-1 (Static, General)

outer support Region:. Par-D-Luller bacit 13
¢ Wheel contact area estimated at 4 mm x i i »
15 mm Magnitude: | 1.5€+02
Amplitude: }(Ramp) M R
e Pressure = 1830%9.8/(2*(4e-3*15e-3)
=149.5 MPa

oK’ Cancel

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor:




Step 1 Gravity including Insert total mass

Vertical deflection — peak .6 mm Mises stress — 250 MPa scale
under insert support wheel Maximum

5, Mises
(Avg: 75%)
+7.710e+08
+2.500e+08
+2.202e408
+2.083e+08
U, U2 (CSYS-1) +1.875e+08
+5,196e-05 +1.667e+08
-6.290e-06 +1.458e+08
-6.454e-05 +1.250e+08
-1.228e-04 +1.042e+08
-1.810e-04 +8.333e+07
-2.393e-04 +6.2508+07
-2.975e-04 +4.167e+07
-3.558e-04 +2.083e+07
-4 1402-04 +1.0442+01
digze bt May: +7.7102+08
S BaBe.04 Elem: PO15024205-5-1,15261
-6 470e-04 MNode: 2871
Max: +5.196e-05
MNode: P91502A295-6-1,.36557
Max: +7.
frictionless tet model full insert mass
Y ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023
E Step: Step-1, gravity
X Increment 4: Step Time = 1.000

frictionless tet madel full insert mass
Y 0ODB: nozzle_lower.odb  Abaqus/Standard 2020 HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023

X h Step: Step-1, gravity
Increment 4: Step Time = 1.000
Primary Var: U, U2 (C5Y5-1)
Deformed War: U Deformation Scale Factor: +3.000e+02

Primary Var: 5, Mises

Small area above yield

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE



Step 1 stresses

S Mises 100 MPa scale
showing low weld stresses

Lower support block we

Bolts stresses similar to Pa

preloading but bracket vertical
deflections increased

410560404
Max: +2.3792+408

Elem: PART-6-1.211332
Node: 5111

Max: +7.710e+08
Elem: P315024295-5-
Node: 2871

frictionless tet model full insert mass

ODB: nozzle_lower.odb  Abagus/Standard 2020 astem Daylight Time 2023 P=/standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023

Step: Step-1, gravity
Increment " 4: Step Time = 1.000
Primary Var: , Mises
Deformed Var: U Deformation Scale Factor: +3.00

Step: Step-1, gravity

Increment 1.000

Primary Var: S, Mises

Deformed Var: U Deformation Scale Factor: +3.0008+402

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 1 Support Blocks

Contact pressure between lower Open Contact area on upper

support block and core vessel SUDDCFFT block — no contact on Core
vesse

CPRESS COPEM
+4.688e+08 +1.385e-05
+1.000e+08 +1.268e-05
+9.167e+07 +1.150e-05
+8.333e+07 +1.032e-0%
+7.500e+07 +9.141e-06
+6.6676+07 +7.963e-06
+35.833e+07 +6.785e-06
+5.000e+07 +5.607e-06
+4.167e+07 +4.429e-06
+3.333e+07 +3.251e-06
+2.500e+07 +2.073e-06
+1.6672+07 +8.944e-07
+B8.333e+06 -2.838e-07
+0.000e.200 Max: +1,3852-05

M;W +‘;gggg;ga __| Elem: S03060200-410100-5-1-1.271248

em: 00-A =~ e 19
Node: 30 Nud\‘_-

-
T ~ T
-
-
—
frictionless tet model full insel S5 M B
Thu Sep 14 11:22:01 Y ODB: nozzle_lower.odb  Abagus/Standard 20 u Sep 14 11:22:01 Eastern Daylight Time 2023 -
a —

Step: Step-1, grawity e

7 Increment 4: Step Time = 1,000 T
Primary War: COPEN
Deformed War: U Defarmation Seale Factor: +3.000e+02

le Factor: +3.000e+02

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




Step 2 - Gravity without insert mass, vacuum pressure and
bolt preloads

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Pressure Loads

Flange pressure increased to
External Pressure account for 1 bar on open area

& Edit Load X

£ Edit Load
Name:  flange_and equivalent for open area

Load-2

Pressure

Type:  Pressure
Step:  pressure (Static, General)

pressure (Static, General)
: Pressure [y

Region: flange_pressure [}

Distribution: |Uniform

Distribution: | Uniform
Magnitude: | 136900

Magpnitude: | 100000
Amplitude: | (Ramp)

Amplitude: | (Ramp)

Cancel
Cancel

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




Lower Nozzle Step 2

Isplacement magnitude

U, Magnitude
+4.3858-04

l fuil insart mass
B Abagus/Standard 2020 HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023

tep Time = 1.000
Primary Var: U, Magnitude
Deformed Var: U Deformation Scale Factor: +2.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

S Mises — 250 MPa Scale

5, Mises

(Avg: 75%)
+7.725e+08
+2.200e+08
+2.292e+08
+2.083e+08
+1.875e+08
+1.667e+08
+1.4582+08

+8.333e407
+6.250e+07
+4.167e+07
+2.083e+07
+1.140e+01
Max: +7.725e+08
Elemn: PO15024205-5-1.15261
MNode: 2871

Max: +7 )

frictionless tet model full insert mass
Y ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023

ZJ Step: step2
X Increment 1: Step Time = 1.000

Primary War: 5, Mises
Deformed War: U Defarmation Seale Factor: +1.000e+02




Step 2 stresses

Bolt and brackets S Mises 400 MPa
scale Bolt Mises Stress 400 MPa scale

S, Mises 5, Mises
(Avg: 75%) (Avg: 75%)
+7.725e+08 +7.725e+08
+4.000e+08 +4.000e+08
+3.667e+08 +3.667e+08
+3.333e+08 +3.333e+08
+3.000e+08 +3.000e+08
+2.6676+08 +2.667e+08
+2.333e+08 +2.333e+08
+2.000e+08 +2.000e+08
+1.667e+08 +1.667e+08
+1.333e+08 +1.333e+08
+1.000e+08 +1.000e+08
+6.6672+07 +6.667e+07
+3.333e+07 +3.333e407
+1.140e+01 +1.140e+01
Max: +7.725e+08 Max: +7.725e+08
Elemn: P915024295-5-1.15261 Elemn: PO15024205-5-1.15261
Mode: 2871 MNode: 2871

frictionless tet madel full insert mass
hd 0DB: nozzle_lower.adh  Abaqus/Stand

)4 7 Step: stepz
Increment 1: Step Time = 1.000

Primary Var: 5, Mises
Deformed War: U Deformation Scale Factor: +:

frictionless tet model full insert mass
01 Eastern Daylight Time 2023 Y ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01

Step: step2
z Increment 1: Step Time = 1.000
x

Primary War: 5, Mises
Deformed War: U Defarmation Seale Factor: +2.000e+02

Lower 20 mm bolt
Peak near head ~
450 MPa

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 Support Blocks contact conditions

Upper block not in contact with core
vesse| Contact pressure on lower block

CPRESS
COPEN +8.777e+07
+1.193e-06 +1.000e+07
+1.080e-06 +3.167e+06
+89.854-07 +8.233e+08
+8.815e-07 +7.500e+06
+7.778e-07 +6.6678+06 e
+6.7378-07 +9.833e+06
+5.608e-07 +5.0008+06 |
+4 660e-07 +4.1678+06 |
+3.621e-07 +3.233e+06
+2.582e-07 +2.500e+06 !
+1.5448-07 +1.667e+06
+5,050e-08 +8.3338405 !
-5.337e-08 +0.000e+00
Max: +1.193e-06 Max: +1,193e-06 Max: +8.777e407 |
Elem: S03060200-410100-5-1-1.302099 Elem: §03060200-410100-5-1.268796
Node: 513204 e E‘ = Nade: 30 |
|
i 1
| 1
'
\ |
|
|
| E— o
Max: +Em
frictionless tet model full insert mass - ¥ e e e fill nsrt mass dard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023
rictionless tet mode : . Standari | U Se 22: astern
Y 0ODB: nozzle_lower.odb  Abaqus/Standard 2020 HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 ODB: nozzle_lower.odb  Abagus/Stan Ju]
X I Step: step2
Step: step2 z Increment  1: Step Time = 1,000
z Increment 1: Step Time = 1.000 Primary Var: CPRESS
Frimary Var: COPEN d var: U Deformation Scale Factor: +2,.0008+02
Deformed War: U Deformation Scale Factor: +2.000e+02 Deformed Var:

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Summary for lower nozzle assembly

e Preloads on bolts are approximately 60% of proof loads but do
show small zones of yielding around base of head and by core
vessel tie

e Bracket parts show some local yielding around edges adjacent
to bolt bearing areas and at start of ties simulating threads

e Upper support bracket does not contact core vessel after
oading

 Nearly all nozzle stresses are well below yield for normal
operation

¥ OAK RIDGE | SSSSSS
National Laboratory

TARGET
STATION



Upper Nozzle and brackets

Section of the core vessel for the Half symmetry model of upper port
next upper port selected, “trimmed”

and moved to align with nozzle
model]

LLLLLLLLLLLLLLLLLL
FO0AK RIDGE | g0 ]
URCE

National Laboratory | REACTOR




Upper Nozzle Assembly with Brackets

Half Symmetry model Side view

Lower Bracket simplified compared to lower assembly and bolts horizontally into
core vessel instead of on bottom otherwise similar constraints and contacts

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE




Upper Nozzle Assembly brackets and mesh examples

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Upper nozzle Prestress step

ertical Displacemen S Mises

5, Mises
(Avg: 75%)
+7.681e+08
Y vz +7.041e+08
PR +6.401a+00
X | +5.761e+08
et 151516108
thade e +4.381e+08
+1.160e-05 +3.841e+08
+8.637e-08 +3.201e408
+5.678e-08 +2.5608+08
+2.719e-06 +1.020e+08
2,400e-07 +1.280e+08
-3.1985-06 +6.401e+07
6158206 +1:511e-03
Max.'f‘;;ng,gﬁ Man: +7.681e+08
Node: P915028295-4-2,110 Elem: PO15024205-4-2,8049
Node: 216

upper bracket with tensile bolt loads

er racket with tensils bat load ¥ ODB: nozzle_upper_brackets.odh  Abagus/Stand W11 15:16:04 Eastern Daylight Tima 2023

uppn ads E
ODB: nozzle_upper_brackets.odb  Abagus/Si D HF4 Mon Sep 11 15:16:04 Eastern Daylight Time 2023

X ‘l. I Step: Pretension, bolt preload force
11; Step Time = 1.000

Increment:
Primary ar: U, U2

Deformed Var: U Deformation Scale Factor: +

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

X
L L step: Pretension, bolt preload farce

Increment 11: Step Time = 1.000
Primary War: 5, Mises
Deformed War: U Defarmation Seale Factor: +1.000%

Bolt stresses similar to Lower Nozzle results




Upper nozzle, lower bracket parts pretension S

Lower bracket inner part S

5, Mises

(Avg: 75%)
+4.367e+08
+4.003e+02
+3.63%e+08
+3.275e+08
+2.911e+082
+2.5478+08

+1.032e+08
+7.27Be+07
+3.638e+07
+2.070e+032
Max: +4.367e+08
Elem: PART-22-1.74324
Node; 8044

upper bracket with tensile bolt loads
Y 0ODB: nozzle_upper_brackets.odb  Abaqus,

Ili step: Pretension, bolt preload force
Z Jncrement  11: Step Time = 1.000
Primary Var: 5, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Lower bracket inner an
S Mises

5, Mises

(Avg: 75%)
+4.367e+08
+4.0032+08
+3.63%9e+08
+3.275e+08
+2.911e+08
+2.547e+08
+2.183e+08

+1.002e408
+7.278e+07
+3.63%e+07
+2.079e+03
Max: +4.3672+08 Max: +4.
Elem: PART-22-1.74324
Node: 8044

upper bracket with tensile bolt loads
Y ODB: nozzle_upper_brackets.odb  Abagus,

||li Step: Pretension, bolt preload force
Z  Increment 11 Step Time = 1.000
Primary War: 5, Mises
Deformed War: U Defarmation Seale Factor: +1.000e+02

d outer parts




Upper Nozzle Step 1

Vertical Displacemen S Mises

u, uz 5, Mises
+3225273DE-DD55 (Avg: 75%)
-3.z23e- +7.681e+08
-9.017e-05 +7.041e+08
-1.481e-04 +6.401e+08
-2.060e-04 +5.761e+08
-2.640e-04 +5.121e+08
-3.219e-04 +4.481e+08
-3.796e-04 +3.841e+08
-4.3788-04 +3.201e+08
-4.957e-04 +2.560e+08
-5.536e-04 +1.920e+08
-0.116e-04 +1.260e+08
-6.695e-04 +6.401e+07

Max: +2.570e-05 +4.319e+00

Mode: PO15024295-4-2,110 Max: +7.681e+08
Elem: P915024295-4-2.8049
Node: 216

Max: +7 6E81e+

i aa e

ket with tensile bolt loads ket with tensile bolt Iads
le_upper_brackets.odh  Abaqus/Standard 2020.HF4  Maon Sep 11 15:16:04 Eastern Daylight Time 2023 Y le_upper_brackets.odb  Abagus/Standard 2020.HF4  Mon Sep 11 15:16:04 Eastern Daylight Time 2023

I 7 Step: Step-1, gravity ! 7 Step: Step-1, gravity
Increment  11: Step Time = 1.000

Increment  11: Step Time = 1.000
Primary War: U, U2 Primary War: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+02 Deformed War: U Defarmation Seale Factor: +1.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Upper nozzle STEP1 support block contact conditions

COPEN CPRESS

COPEN CPRESS
+2.651e-05 +4.598e+08
+2.427e-05 +5.000e+07
+2.2048-05 +4.583e+07
+1.981e-05 +4.167e+07
+1.758e-05 +3.750e+07
+1.5348-05 +3.333e+07
+1.311e-05 +2.917e+07
+1.088e-05 +2.500e+07
+8.645e-06 P +2.083e+07
+6.412e-06 T +1.667e+07
+4.1798-06 T +1.250e+07
+1.946e-06 l T +8.333e+06
-2.868e-07 i +4.167e+06

Max: +2.651e-05 | +0.000e+00

Elem: S03060200-410100-5-1-1.297207 Max: +4.508a+08
Node: 503786 Elem: 503060200-410100-5-1.24
- MNode: 30

i
i
|

upper bracket with tensile bolt load
Y ODB: nozzle_upper_brackets.odb

| Step: Step-1, gravity

z Increment  11: Step Time = 1.000
Primary War: CPRESS

Deformed War: U Defarmation Scals Fad

upper bracket with tensile bolt loads
Y 0ODB: nozzle_upper_brackets.odb  Abaqus/Standard 2020.HF4

7 I Step: Step-1, gravity o
Increment  11: Step Time = 1.000
Primary Var: COPEN S
Deformed War: U Deformation Scale Factor: +1.000e+02

Similar to lower nozzle assembly - the upper blocks pulls away from core vessel and
the lower block has pressure distribution with core vessel

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




Step 2 - normal operation

Displacement Nozzle parts S Mises

U, Magnitude 5, Misas
+:3gée-g: (Avg: 75%)
+4.030e +1.004e+08
+3.66%e-04 +9.201e+07
+3.302e-04 +8.365e+07
+2.935e-04 +7.5280+07
+2.588e-04 +6.692e+07
+2.201e-04 +5.855e+07
+1.835e-04 +5.018e+07
+1.4602-04 +4.182e+07
+1.101e-04 +3.346e+07
+7.338e-03 +2.510e+07
+3.669e-05 +1.673e+07
+0.000e+00 +8.266e+06 Max: +1.004e+08
+1.672e+03
Max: +1.0042+08
Elem: PART-9-1.862922
Node: 1818008
upper bracket with tensile boltToads upper bracket with tensile bolt Inads
Y 0ODB: nozzle_upper_brackets odb  Abaqus/Standard 2020.HF4  Mon Sep 11 15:16:04 Eastern Daylight Time 2023 Y ODB: nozzle_upper_brackets.odb  Abagus/Standard 2020.HF4  Mon Sep 11 15:16:04 Eastern Daylight Time 2023
III sStep: step2 Step: step2
X Increment 6: Step Time = 1.000 z Increment &: Step Time = 1.000
Primary Var: U, Magnitude Primary War: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+02 Deformed War: U Defarmation Seale Factor: +1.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 Stresses

Brackets S Mises 250 MPa scale Bolts S Mises 400 MPa scale

Max: +7.681e+08

. S, Mises

S, Mises (Avg: 75%) T

(Avg: 75%) +7.681e+08 |
+5.688=+08 +4.000e+08 o
+2.500e+08 +3.669=+08
+2.292e+08 . +3.338e+08
+2.083e+08 +3.007e+08 = o
+1.875e+08 +2.6762+08 ~..L.
+1.667e+08 +2,3452+08
+1.458e+08 +2.014=+08
+1.250e+08 +1.683=+08
+1.042e+08 T - +1.352e+08
+3.333e+07 +1.022e+08
+6.250e+07 +6.9062+07
+4.167e+07 +3.596e+07
+2.083e+07 +2.870e+06
+1.408e+02 Max: +7.681e+08

Max: +35.688e+08 Elem: P915024295-4-2 8049

Elem: PART-17-1,156534 Mode: 216
Mode: 2381
iy
. . upper bracket with tensile bolt loads : _ )
upper bracket with tensile bolt loads . ) Y QDB nozzle_upper_brackets.odh  Abagus/Stan 4 ‘f Sep 11 15:16:04 Eastern Daylight Time 2023
Y QDB: nozzle_upper_brackets.odb  Abagus/Standard 04 Eastern Daylight Time 2023 m
Step: stepz2
Step: step2 ) 7 Increment G: Step Time = 1.000 "
£ Increment 6 Step Time = 1,000 Primary War: 5, Mises @3

Primary War: S, Mises
Deformed Var: U Deformation Scale Factor: +1.000e

Deformed War: U Deformation Scale Factor: +1.000e+0

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




Upper Nozzle Assembly Summary

e The results are very similar between the Upper Assembly and
Lower assembly results

e Preloads on bolts are approximately 60% of proof loads but do
show small zones of yielding around base of head and by core
vessel tie and ties to bracket parts

e Bracket parts show some local yielding around edges adjacent
to bolt bearing areas

o Upper support bracket does not contact core vessel after
oading

 Nearly all nozzle stresses are well below yield for normal
operation

¥ OAK RIDGE | SSSSSS
National Laboratory
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QIKR Nozzle with 10 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 to attach to beltline

o Abaqus model additions

— 2 Inconel shear pins

— Inconel rings for interface with shear pins

%OAK RIDGE | %228

National Laboratory | STATION



SpaceClaim model from 9/5/24

QIKR Nozzle Assembly Section View Beltline section

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE
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Abaqus model with all welds merged

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

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

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory
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Loads

Pressure equivalent on rear
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

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




Uniform Pressure (Pa) loads from inserts on wheel pads

Insert load assumptions Front wheel load Rear wheel load

* Insert gravity loads applied to a
Tmm x 12m assumed bearing
area e

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

Step: Step-3 (Static, General)
Region: Wheell_P

Region: Wheel3_P

e Area approximation from
detailed contact model o

Uniform

Distribution:

Magnitude: | 1.399E+09

Amplitude: | (R
mplitude: | (Ramp) Amplitude: | (Ramp)

e Uniform pressure assumed

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

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE




Results

e Step 1 — gravity only load

e Step 2 — gravity and insert loads

e Step 3 — gravity, insert loads and pressure from vacuum
operation

%OAK RIDGE |5
Nat STATI

ional Laboratory | STATION



Step 3 Gravity, Insert loads and Pressure loads -
displacements

UT minimum -0.188 mm U2 minimum -0.70 mm U3 minimum -0.07 mm

Max: +3.018e-05
Node: R9!
Min: -1.028e-0]

Node: 503060 Node: SHEAR|

Min: -1.004e-04

Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface conta Max: +33
Y ODB: QIKR_925.0db Abaqus/S(andard 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
| . Step: Step-3, Vacuum Pressure l . Step: Step-3, Vacuum Pressure | . Step: Step-3, Vacuum Pressure

Increment  11: Step Time =  1.000 Increment l] S( p Time = 1.000 Increment ]1 S tep Ti 1.000

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

Deformed Var: U Deformation Scale Factor: +1,000e+03 Deformed Var: U Deformauon Scale Factor: +1.000e+03 Deformed \/ar 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

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

Stress 50 MPa scale peak 1292

MPa in pad

S, Mises s, Mises
(Avg: 75%) (Avg: 75%)
+1.296e+09 +2.936¢+08
+5.0006+07 +5.0008+07
+4.5836+07 +4.583e+07
+4.167€+07 +4.1676+0;
+3.7506+07 +3.7506+07
+3.3336+07 +3.333¢+0;
+2.517€+07 +2.317e+07
2.5006+07 +2.5006+07
+2.0836+07 +2.0836+07
1.6676+07 +1.667e+07
+1.2506+07 +1.2506+07
+8.333¢+06 +8.333e+06
+4,167e+05 +4.167¢-+0:
+1.5466+02 +1.5468+02
Max: +1.296e+09 Max: +2.936e+08
Elem: S03060000-CV-NE-QIKR-RZ_ASM-13_1-1-3,15238 Elem: RIW-1.188130
Node: 5169 Node: 6791

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

Shear Pin surface YoPeurface contact

Y ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024
| X S Step-3, vaum pressure X Step: Step-3, Vacuum Pressure

Increment  11: Step Time = 1,000 z Increment  11: Step Time = 1.000

Primary Var: S, Mises Primary Viar: S, Mises

Deformed Var: U Deformation 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

xial cut with 50 MPa scale

: Front Flange peak 243 MPa by [@Top 25 mm bolt peak stress
isplacement factor x1000 2 Y 150 MPa scale peak156 MPa at

isolated node at corner by head

S, Mises S, Mises
(Avg: 75%) (Avg: 75%)
+2.149e+08 +2.430e+08
+5.000e+07 +5.000e+07
-4.583e+0: 84e+07
+4.167e+07 +4.167e+07
+3.750e+07 +3.751e+07
+3.333e+07 +3.335e+0;
+2.917e+07 +2.918e+07
-2,500e+07 +2.502e+07
+2.083e+07 +2.086e+07
1.667e+0 +1.66%9e+07
+1.250e+07 +1.253e+0;
+8.333e+06 +8.368e+06
+4.167e+06 +4.205e+0¢
+1.546e+02 +4.190e+04
Max: +2.149e+08 Max: +2.430e+08 Max: +1.561e+08
Elemn: SHEAR_PIN-2.7630 Elem: R2W-1.29615 Elem: BOLT_25-1.657
Node: 11 Node: 606 Node: 102
Max: +2.430e+08
Shear Pin surface to surface co Shear Pin surface to surface contact Shear Pin surface to surface contact
Y ODB: QIKR_925.0db Al SNt 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/standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024
Step: Step-3, Vacuum Pressure Step: Step-3, Vacuum Pressure 7 Step: Step-3, \/acuum Pressure
j—» X fnrement "L1; Step Time = 1,000 % Increment 11 Step Tme = 1.000 X Increment 1.000
Primary Var: S, Mis Primary Var: S, Miss Primary Var: s
Deformed Var: U Deformat\on Scale Factor: +1.000e+03 Deformed Var: U Deformauon Scale Factor: +1.000e+03 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 - Stress

Front Bottom plate stress 150

Rear Top,Side and Bottom
Front, side and bottom plate
stress peak 184 MPa

Mpa scale - peak at edge and

stress 150 MPa scale pea
MPa at isolated 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 +1:5006+08 +1.500+08
11375401 +1:375¢+08 +1.375¢+08
+1.250e+08 +1.250e-+01 +1.2506+01
+1.125¢+08 +1.125e+08 +1.125¢+08
+1.0006+08 +10006-+0t +1.0006+01
+8.7526+07 +8.7526+07 +8.754+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+07 3.756e+07
+2.503¢+07 +2:5036+07 +2.507¢+07
+1.253+07 +1.2536+0: +1.2586+07
3689+04 +3.689¢+04 +8.520e+04
Max: +1.845¢+08 Max: +1.845e+08 Max: +2.936+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 conta Shear Pin surface to surface contact
Y ODB: QIKR_925.0db Abéqus/$tandard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024 M ODB: QIKR_925.0db  Abaqus/Standard 2020, HF4Y ‘Wed Sep 25 17:48:02 Eastern Daylight Time 2024
X
Step: Step-3, Vacuum Pressure Step: Step-3, vacuum ressure z Ssure
z Increment  11: Slep Time = 1.000 z Increment te Time = 1,000 Step Time = 1.000
Primary Var: S, Mis: primary Var < s Primany var: S, Mises
Deformed var: U Deformation Scale Factor: +1,0006+02 Deforrhedvar: U Deformation Scale Factor: +1.000e-+0 Deformed Var: U Deformation 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

Rear Top Plate 50 Mpa scale Rear Side Plate Stress 50 MPa @Rear Side Place Contact

peak 43 MPa Pressure

SN
S, Mises CPRESS /
(Avg: 75%) +5.0006+07
44583640
BT Yali67e+07 /
2ac 107 437506407
+4.169¢+07 +3.333e+07
+3.753e+07 +2.917e+07
+33386407 +2.500e+07
+2.083e+07
+2.322e407
+1.667¢+07
+2.5066+07
+1:250e+07
+2.091e+07
+8.333¢+06
+1.6756407
+1.2606+40° +4.167¢+06
+8.4406406 0.0006+00
+4.2842+0¢ Max: +4.124e+07
Max: +4.355e+07 +1.280e+05 Elem: $03060000-CV-NE-QIKR-R2_11-1,214725
Elem: REW-1.115635 Max: +5.389¢+07 Node: 543265 ;
Node: Elem: S03060000-CV-NE-QIKR-R2_11-1.263866
Node: 6138 /
Max: +5. ;
/ /
ax: +4.124¢+07
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 v ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eas ime 2024 y  ODBI QIKR_325.0db  Abaqus/Standard 2020.HF4 Wed Sep 25 17:48:02 Eastern Daylight Time 2024
X
Step: Step-3, Vacuum Pressure X Step: Step-3, Vacuum Pressure V Step: Step-3, \/acuum Fressure
Increment "11: Step Time = * 1.000 Inrerent 11 Stép Tme = 1,000 Increment 11 1.000
x Primary Var: S, Mis Primary Ver: 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 Contact
MPa peak 294 MPa Rear Flange with merged welds
150 MPa scale peak 87 MPa

1310605155
Max: +4.061e+07 +5.275+04.

Elem: RIW-1,103562 Max: +8,652¢+07
Node: 6720 Elem: R12W-1,78038
Elem: R9W-1,188130 Node: 120673

Node: 6791

Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface contde
ODB: QIKR_925.0db Abaqus/$tandard 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/standard 2020.HF4 17:48:02 Eastern Daylight Time 2024

Xy
L 2 Step: Step-3, Vacuum Pressure Step: Step-3, Vacuum Pressure X ‘Lz St Step-3, vaum ressure
infement "1 Step Time = 1.000 Increment 11; Step Time = 1,000 ingrement "11° 1.000
Primry Var: S, Mis Primary Var: CPRESS Primary Var: S,
Deformed var: U Deformation Scale Factor: +5.0006+02 Deformed Var: U Deformation Scale Factor: +5.000e+02 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 — 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-i!O?

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

i 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
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Summary

The siresses and displacements in the model appear acceptable

%OAK RIDGE

National Laboratory

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 25 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

SSSSSS
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STATION
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Dual Port Nozzle Abaqus Assembly

Bracket 8 assembly

fee,

Bracket 6 assembly

Nozzle

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor:




DPS5 Proposed design changes to reduce stresses

« Bracket 6 holes enlarged to 24.65 mm 24 mm 316L bolt
Diameter for shank and pins - Shank diameter 24.4649 mm
« Bracket bottom extended 25 mm down - Radii near head 1.2 mm
» Head diameter without grooves -
34.8 mm

 Threads not included in model

Simulated bolt
modeled

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor:



Analysis Step Loads and Boundary Conditions — same as for
DP4 model

Loads Boundary Conditions
Structure 1 ISt 1 bar Seisimic  Seismic Selsmlc 1- Beltline 2-Flange 3-Flange
Step : mass 1g : ) vertical : .
g vertical : pressure side load axial load fixed bottom side
vertical load
1 X X X
2 X X X X
3 X X X X X
4 X X X X X X
5 X X X X X X X
6 X X X X

%OAK RIDGE |t

National Laboratory | STATION



Step2 Gravity with Insert mass

Displacement peak -.05 mm down S Mises peak 430 MPa

u, Uz S, Mises
+%‘%?ge-gg (Awg: 75%)
+ - +4.304e+08
+1.984e-06 +1.0008+07
-3.343e-08 +2.1672+08
-8.670e-06 +8.333e+06
-1.400e-05 +7.5008+06
-1.932e-05 +6.667e+06
-2.463e-03 +5.8338+06
-2.898e-05 +5.000e+06
-3.531e-05 +4.167e+06
-4.063e-05 +3.3336+06
-4.596e-05 +2.5008+06
-5.129e-03 +1.6678+06
Max: +1.2642-05 +8.233e+05
Node: BRACKET_B-1.439506 +1.340e+01
Mar: +4.304e+08
Min: -5.120e-05
Node: CW-15-NOZZLE-4-1,901441 Elem: LOWER_BRACKET-1.31
Mode: 3941

24 mm bolts and pins

24 mm balts and pins

Y ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025 v 0ODB: nozzle_DPS.odb  &bagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025
Step: Step-2, gravity, Insert_|loads Step: Step-2, gravity, Insert_loads
x Increment  &: Step Time = 1.000 X Increment  6: Step Time = 1.000
Primary Yar: U, U2 Primary ¥ar: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+03 Deformed Yar: U Deformation Scale Factor: +1.000=2+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 Results

Lower Bracket bolt peak 430 MPa

S, Mises

(Avg: 75%)
+4.304e+08
+1.720e+08
+1.577e+08
+1.433e+08
+1.200e+08
+1.147e+08
+1.003e+08
+8.600e+07
+7.167e+07
+5.733e+07
+4.300e+07
+2.867e+07
+1.433e+07
+3.285e+01

Max: +4.304e L4

24 mm balts and pins
ODB: nozzle_DPS.0db  Abagus/Standard 2020.HF4  Mon Jan%

Step: Step-2, gravity, Insert_|loads
Increment  &: Step Time = 1.000
z Primary Yar: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Beltline peak 85 MPa

S, Mises

(Awg: 75%)
+8.457e+07
+1.0008+07
+9.167e+06
+8.334e+08
+7.5008+06
+0.667e+08
+5.8348+08
+5.001e+06
+4.168e+08
+3.3358+06
+2.2901e+06
+1.6688+06
+8.3508+05
+1.796e+03

Max: +8.457e+07
Elern: BELTLINE-1,30988
Node: 137542

24 mm bolts and pins
0ODB: nozzle_DPS.odb

Step: Step-2, gravity, InseM_toag
X Increment  6: Step Tim: 1.000

Primary ¥ar: 5, Mises
Deformed Yar: U Deformation Scale Factor: +1.000=2+03




Step 3 Gravity, Insert mass and vacuum loads

S 436 MPa on lower bolt — 10 MPa
U2 min .087 mm down scale

u, Uz S, Mises
+§‘§§gg'gg (4w@: 75%)
+ e-| +4.369e+08
“4.P8le08 +1.0008+07
-1.252e-03 +9.167e+06
2.076e-05 +8.333e+08
2.9018-05 +7.5008+08
37258-05 +6.667e+06
-4540e-05 +5.8338+06
5.3738-05 +5.000e+06
61982-05 +4.167e+06
-7.022e-05 +3.3338+06
-7.8468-05 +2500e+08
-8.670e-05 +1.6678+08
WMax: +1.2208-05 +8.2338409
Node: BRACKET_B-1.439506 +l243eril
Mar: +4.369e+08
Min: -2.670e-05
Node: Cy-15-NOZZLE-4-1,1130485 Elem: LOW/ER_BRACKET-1.316071
Mode: 3941

24 mm balts and pins 24 mm bolts and pins
v ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025 0ODB: nozzle_DPS.odb  Abagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time

z Step: Step-3, gravity,inserts, pressure Step: Step-3, gravity,inserts, pressure
Increment  &: Step Time = 1.000 Increment  6: Step Time = 1.000
X Primary Yar: U, U2 X Primary ¥ar: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+03 Deformed Yar: U Deformation Scale Factor: +1.000=2+03

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 4 Results with seismic side load added

Displacement S peak 442 MPa

U, Magnitude 5, Mises
+E‘Eigg'g§ (4w@: 75%)
+ e-| +4.417e+08
+7.315e-05 +1.0008+07
+6.583e-05 +9.167e+06
+5.852e-05 +8.333e+06
+5.120e-05 +7.500e+06
+4.389e-05 +6.667e+06
+3.657e-05 +5.833e+06
+2.9268-05 +5.000e+06
+2.104e-05 +4.167e+06
+1.463e-05 +3.3336+06
+7.3158-08 +2.500e+06
+0.000e+00 +1.6678+06
Max: +8.7782-05 +8.3348+05
Node: Cy-15-NOZZLE-4-1'1127486 +4771e+01
Mar: +4.417e+08
Elem: LOWER_BRACKET-1.89135
Mode: 3036

24 mm balts and pins
¥ QDB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern Stal

24 mm bolts and pins
0ODB: nozzle_DPS.odb  &bagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time

Step: Step-4, seismic-side added Step: Step-4, seismic-side added

X Increment  11: Step Time = 1.000 Increment  11: Step Time = 1.000
Primary War: U, Magnitude X Primary ¥ar: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+03 Deformed Yar: U Deformation Scale Factor: +1.000=2+03

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 4 Results with seismic side load added

Lower Bracket S peak 442 MPa Bracket 8 S peak 74 MPa

S, Mises S, Mises
(Avg: 75%) (Awg: 75%)
+4.417e+08 +7.372e+07
+4.000e+07 +4.0008+07
+3.667e+07 +3.667e+07
+3.333e+07 +3.333e+07
+32.000e+07 +3.0008+07
+2.667e+07 +2.607e+07
+2.333e+07 +2.3338+07
+2.000e+07 +2.000e+07
+1667e+07 +1.667e+07
+1.333e+07 +1.3338+07
+1.000e+07 +1.000e+07
+6.6678+06 +6.6678+06
+2.333e+06 +3.333e+06
+4.771e+01 +1.269e+02
Max: +4.417e+08 Max: +7.372e+07
Elerm: LOWER_BRACKET-1.85133 Elemn: BRACKET_8-1.9)
MNode: 3036 Node: 778001
24 mm balts and pins 24 mm bolts and pins
ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern v 0ODB: nozzle_DPS.odb  &bagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025
Y
. z . .
Step: Step-4, seismic-side added X Step: Step-4, seismic-side added
Increment  11: Step Time = 1,000 Increment 11 Step Time = 1.000
Primary Yar: 5, Mises Primary ¥ar: 5, Mises
z ¥ Deformed War: U Deformation Scale Factor: +1.000e+03 Deformed Yar: U Deformation Scale Factor: +1.000=2+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE



Step 5 Axial seismic .068G load

Displacement U Assembly S peak 435 MPa

U, Magnitude S, Mises
+g‘£1‘gge-gg (Awg: 75%)
+ - +4.247e+02
+7.666e-05 +4.0008+07
+6.899e-05 +3.6678+07
+o.1328-09 +3.333e+07
+5.366e8-05 +3.0008+07
+4.5992-05 +2.667e407
+3.833e-05 +2.3338+07
+3.0668-05 +2.000e-+07
+2.300e-05 +1.667e+07
I%gggg-gg +1.3338+07
! g +1.000e+07
+0.000e+00 +0.0Q0e+00 +6.6678+06
Max: +971899e-05 +3:333e406
Node: Cv-15-NOZZLE-4-1,168595 +4,5898w01
Max: +4.347e+08
Min: +0.000e+00
. _ Elemn: LOWER_BRACKET-1.316071
MNode: BELTLIMNE-1.2 Hods: 3941
24 mm balts and pins 24 mm bolts and pins
¥ ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025 ¥ 0ODB: nozzle_DPS.odb  &bagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025
z Step: Step-3, axial seismic load z Step: Step-5, axial seismic load
3 Increment  11: Step Time = 1,000 X Increment  11: Step Time = 1,000
Primary War: U, Magnitude Primary ¥ar: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+03 Deformed Yar: U Deformation Scale Factor: +1.000=2+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 5 Results Axial seismic .068G load

Lower Bracket peak 435 MPa

S, Mises

(Avg: 75%)
+4.347e+08
+1.720e+08
+1.577e+08
+1.433e+08
+1.200e+08

Max: +4.347e+08

MNode: 2941
Min: +4.588e+01

MNode: 244855

Elem: LOWER_BRACKET-1.316|

Elem: LOWER_BRACKET-1.137,

24 mm balts and pins
QDB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:3

Step: Step-3, axial seismic load

Increment  11: Step Time = 1,000

Primary Yar: 5, Mises

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

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Beltline S peak 85 MPa

S, Mises

(Awg: 75%)
+8.498e+07
+4.0008+07
+3.667e+07
+3.333e+07
+3.0008+07
+2.607e+07
+2.3338+07
+2.000e+07
+1.667e+07
+1.3348+07
+1.000e+07
+6.6698+06
+3.3368+06
+3.350e+03

Max: +8.498e+07
Elern: BELTLINE-1,30988
Node: 137542

24 mm bolts and pins

0ODB: nozzle_DPS.odb &b, astern Standard Time 2025

Step: Step-5, axial seismic loa
Increment 11 Step Time = 1.000
X Primary Var: S

ises
Deformed Yar: U Deformation Scale Factor: +1.000=2+03



Step 6 Results with vertical seismic load

isplacement S peak 466 MPa in lower bracket bolt

U, Magnitude S, Mises
+gg§ge-gg (&wg: 75%)
+ - +4.656e+08
+7.520e-05 +1.0008+07
+6.768e-05 +2.1672+08
+6.016e-05 +8.333e+06
+5.2648-05 +7.5008+06
+4,512e-05 +6:667e+06
+3.700e-05 +5.833=+06
+3.008e-05 +5.0008+06
118568008 B TE
X . Migg+0.000e+00 +3.3338H
+7.520e-06 +2.5008+06
+0°000e+00 +1.6678+06
Max: +9.0248-05 +8.3338+05
Node: C¥-15-NOZZLE-4-1,1132056 +8.193e+00
Mar: +4.656e+08
Min: +0.000e+00
. _ Elemn: LOWER_BRACKET-1.316071
MNode: BELTLIMNE-1.2 Hods: 3941
24 mm balts and pins 24 mm bolts and pins
v ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025 v 0ODB: nozzle_DPS.odb  &bagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025
z Step: Step-6, vertical.068 g load z Step: Step-6, verticall.068 g load
X Increment  11: Step Time = 1,000 X Increment  11: Step Time = 1,000
Primary War: U, Magnitude Primary ¥ar: 5, Mises
Deformed War: U Deformation Scale Factor: +1.000e+03 Deformed Yar: U Deformation Scale Factor: +1.000=2+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 6 Results with vertfical seismic load

Lower Bracket S peak 466 MPa Bolt vertical cut around peak

5, Mises

(Awg: 75%)
+4.656e+08
+1.720e+08
+1577e+08
+1.433e+08
+1.290e+0g8
+1.147e+08
+1.003e+08
+8.600e+07
+7.167e+07
+5.733e+07
+4.300e+07
+2.867e+07
+1.433e+07
+3.526e+01

Max: +4.656e+08
Elermn: LOWER_BRACI
MNode: 3941

Mir: +3.5268+01
Elermn: LOWER_BRACKET-1.8303
Mode: 237949

24 mm bolts and pins
ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31;

Step: Step-6, vertical
Increment

Primary ¥ar: S, Mi
Deformed Yar: U Defor

Step: Step-6, verticall 068 g load
Increment 11: Step Time = 1.000
z Primary War: 5, Mises
Deformed var: U Deformation Scale Factor: +1.000e+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 6 Results with vertical seismic load - linearization

Stress linearization path for bolt peak Peak Mises bending + Membrane 77
near top surface (sl1) MPa at point 1

T—— T INVARTANT RESULTS == --c-oommmoomoooomooo oo
Basic Computations
Curves Bending components in equation for computing

Difess fine name. dp 3 ofl iy membrane plus bending stress invariants are: 511, S22, 533, 512, 513, 523
[ Save XY data [] Save stress line to path

Stress Line

e A A

o= Max. Mid. Min. Tresca Mises
nd point specification: ® Manual () From a path
Start LOWER_BRACKET-1.2041 I Prin. Prin. Prin. Stress Strecs
S End  LOWER BRACKET-1.701696 Membrane
Shape (Average) Stress 4.9588e+87 7.03284e+86 2.192940+86 4.73951e+87  4.517e+87

Model shape: @) Deformed () Undeformed

Number of intervals on stress line: | 40 3/

= Membrane plus
eport
!;mnwk Bending, Point 1 9.11285e+87 2.16851e+87 8.58179e+06 8.26187e+@7) 7.69889=+07

File name: | dp5_sb_s/Tmt ]
il Append tofile Membrane plus
| T = Bending, Point 2 9.99376e+86 -6.8522e+06 -7.54135e+86 1.75351e+87 1.684e+87

Peak Stress,
Point 1 3.68698e+08 1.26717e+88 7.63148e+87 2.92384e+088 2.70725e+08

0.HF4  Mon Jan 20 Peak Stress
»

Point 2 1.85583e+87 7.98255e+86 3.06874e+86 1.54976e+087 1.37325e+87

ctor: +0.000e+00

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




Step 6 Results with vertical seismic load - linearization

Peak Mises membrane + bending 30
Vertical path sl2 172 MPa scale MPa

& Syesslinearizaion 00 xm@ | -------------------------———————————— INVARLAMT RESULIY -------"-"-"-""-""""""»>""¥"¥""¥"""""""":000:00

Basic Computations

Curves

Bending components in equation for computing
membrane plus bending stress invariants are: 511, 522, S33, S12, S13, 523

Stress line name: | dp3_s6.s12

[ Save XY data [] Save stress line to path

Stress Line

N o G \ Max. Mid. Min. Tresca Mises
nd peint specification: anual rom a patl . . .
st lioE BEAGIET 00 Prin. Prin. Prin. Stress Stress
End  LOWER BRACKET-1.670280 Membrane
Shaic {Average) Stress 1.32668e+87 3.83488e+86 -1.1153%e+86 1.43822e+87 1.28214e+07
Model shape: @ Deformed (O Undéur@ad
MNumber of intervals on stress line: | 40 :_ Membr'ane pluS
ﬁwﬁ Bending, Point 1 5.55536e+87 3.21043e+87 2.25867e+87 3.29669e+87 | 2.93876e+87
Wite to file
File name: | dp5_s6_sidrpt

[ Appendto file Membrane plus
Bending, Point 2 -1.65183e+87 -2.85179%e+87 -3.48373e+87 1.831%e+87 1.6117e+87

oK

Cancel

Peak Stress,
Point 1 1.97556e+88 6.87966e+87 4.896088e+07 1.48595e+88 1.35737e+88

Peak Stress,

Point 2 -1.99517e+87 -3.20184e+87 -9.33546e+87 7.34028e+87 6.81781e+87

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




Step 6 Results with vertfical seismic load

Beltline peak S 91 MPa 10 MPa scale  Nozzle peak S 75 MPa 10 MPa scale

24 mm balts and pins
ODB: nozzle_DPS.0db - Abagh andard Time 2025

Step: Step-6, vertical.068 g load
Increment  11: Step Time = 1,000

Primary Yar: 5, Mises

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

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

S, Mises S, Mises
(Avg: 75%) (Awg: 75%)
+9.141e+07 +7.491e+07
+1.000e+07 +1.0008+07
+8.167e+06 +9.167e+06
+8.334e+06 +8.334e+08
+7.501e+06 +7.5018+06
+6.667e+00 +60.608e+08
+5.834e+06 +5.8358+06
+5.001e+06 +5.002e+06
+4.168e+06 +4.169e+08
+3.335e+06 +3.3368+06
+2.502e+06 +2.003e+06
+1.668e+06 +1.6708+06
+8.352e+05 +8.3748+05
+2.065e+03 +4.466e+03
Max: +9.141e+07 Max: +7.491e+07
Elern: BELTLINE-1.30988 Elemn: Cv-15-NOZZLE-4-1.28507,
MNode: 137542 Node: 6328

24 mm bolts and pins
0ODB: nozzle_DPS.odb  &bagus/Standard 2020.HF4  Mon Jan 20 09:31:41 Eastern Standard Time 2025

Step: Step-6, verticall.068 g load

Increment 11 Step Time = 1.000
Primary ¥ar: 5, Mises
Deformed Yar: U Deformation Scale Factor: +1.000=2+03




DP4 and DP5 Lower Bracket and pins comparison @ step3
with common Stress scale max of 172 MPa and displacement
scale factor of 1000

DP4

+
+
+
T
+
+1.
+
+
+
+
=
+
+
b

dard Time

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

National Laboratory




DP4 and DPS5 Lower Bracket and pins vertical
displacement comparison for step3 with common
displacement scale factor of 1000

DP5 %fa?kzltbOItS/ pins and 25 mm extended DP4 20 mm bol’rs/pins

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Summary

« Model DPS with 24 mm bolts and pins and with the bracket
extended 25 mm down showed lower pedak stresses and
significantly reduced displacements

o Stress linearization for DPS had a peak Mises membrane plus
bending of /7 MPa versus 165 MPa for DP4

« Models do not account for actual stress distribution around
threads and displacements with threads, but the axial bolt loads
are low ( ~ 3.52e3 N for one bolt in step 6 )

e All other locations besides the bolts had stresses well below 1.5
Sm Iimit of 172 MPa
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Gamma Gate Area Definition
|

. 1 1 —_— 1 Wi
—— A N | | |
2 o o | | | .

| —

Core Vessel Lid

==

| D—_

_l_-
. Gamma Gate

Removable Shield Block

Stationary Shield Block
% OAK RIDGE |20

National Laboratory | STATION



Gamma Gate at a Glance

0.5-Inch-Thick Stainless-Steel Vessel
30 cm of lead thickness
~850 kg vessel mass

HIGH FLUX
ISOTOPE

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

REACTOR




Nema 34 Stepper Motor

Connecting Rod

Zip Lift Stud

Ball Screw Linear Slide
Plunger Latch : Clevis Linkage

%OAK RIDGE

National Laboratory | STATION




U-Rail Analysis

Material: Stainless Steel 316L
Load: 10 kN applied at center of
the beam

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

A: URAIL STRUCTURAL
Total Deformation
Type: Total Deformation

e Unit. MPa
Unit mm Time: 15
Time: 15 4/1/2025 10:30 AM
4/7/2025 9:40 AM
93.393 Max
— 0.60486 Max 83.016
0.53766 72.639
0.47045 62.262
0.40324 51.885
0.33604 41,508
0.26883 31121
0.20162 —
0.13441 el
0.067207 4.6242e-5 Min
o 0 Min

%OAK RIDGE | %228

National Laboratory | STATION



U-Rail Analysis Summary

* Omay — 73.4 MpQO
* Omax = 0.6 Mm

« U-Rail can support weight of the gamma gate



Gamma Gate Friction

« Gamma Gate Mass = 850 kg

« Normal Force on rail =850 kg * 9.81m/s?2=8338.5 N
o Coefficient of static friction = 0.01 [1]

e Design Factor =12

e Force required to move gamma gate = 0.01 *8338.5 N * 12 = 1000 N

%OAK RIDGE SSSSSS

1 Labor:



Linkage Arm Structural

Material: Stainless Steel 316L
Gage: 3"x2"x.25" rectangular tubing
Load: 1000 N

C: LINKAGE ARM STRUCTURAL C: LINKAGE ARM STRUCTURAL
Total Deformation Equivalent Stress

Type: Total Deformation Type: Equivalent (von-Mises) Stress
Unit: mm Unit: MPa

Time: 15 Time: 15

4/7/2025 9:48 AM 4/7/2025 9:48 AM

2.7881 Max
24783 28.561 Max
fitien 25.395
Priene 22,229
1,5489 19.063
1.2391 15.897
0.92935 12731
0.61957 9.565
0.30978 6.399

0 Min 3.233

0.067039 Min

%OAK RIDGE | %228

National Laboratory | STATION



Linkage Arm Analysis Summary

* Omay — 28.6 MpQO
* Smax = 2.8 mMm

e Linkage can support load required to actuate the gamma gate



Gamma Gate Under Seismic Loads

* Maximum Horizontal Seismic Force F o = 1.65p5l ) W, : ASCE 7-16
Equation 13.3-2 [2]

* Sps= .485 per USGS at STS coordinates
* |,=1.5:ASCE 7-16 section 13.1.3 [2
« W= 9.81m/s?* 850kg = 8338.5 N

* Fomax = 2706 N

e Force per latch pin = 9706 N / 2 = 5000 N




Latch Pin Stress Analysis

* Material: Inconel 718

¢ 20 mm diameter cylinder cross section
« D=20mm

* Omax = Wmax *L*F)/(I)

*  Vmax = radius = 10 mm

o | = ”ZT = 7854 mm*
.+ F=5kN

e L=16.65mm

e« 0,5 = 106 MPa

%OAK RIDGE |[5:32%

National Laboratory | STATION



Latch Pin Deflection Analysis

* Material: Inconel 718
o 20 mm diameter cylinder cross section
e D=20mm

s Pxl3

.« E=200Gpa [3]

m+D*
64

o | = = 7854 mm*

e« P=5kN
e L=16.65mm

*  Omax = 0.005 mm

%OAK RIDGE |[5:32%

National Laboratory | STATION



Latch Pin Analysis Summary

* 0may = 106 Mpa
* Omax = 0.006 mm

e Latch Pin will prevent motion of the gamma gate during @
seismic event
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ASCE 7-16 section 13.1.3

%
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13.1.3 Component Importance Factor. All components shall
be assigned a component Importance Factor as indicated in this
section. The component Importance Factor, /,,, shall be taken as
1.5 if any of the following conditions apply:

1. The component 1s required to function for Iife-safety
purposes after an earthquake, including fire protection
sprinkler systems and

2. The component conveys, supports, or otherwise contains
toxic, highly toxic, or explosive substances where the
quantity of the material exceeds a threshold quantity
established by the Authonty Having Junsdiction and 1s
sufficient to pose a threat to the public if released.

3. The component is in or attached to a Risk Category IV
structure, and it is needed for continued operation of the
facility or its failure could impair the continued operation
of the facility.

4. The component conveys, supports, or otherwise contains
hazardous substances and is attached to a structure or
portion thereof classified by the Authonity Having Juris-
diction as a hazardous occupancy.



The simulation ran in two parts using a coupled Static-Structural setup to simulate
loading removable shields after installation of all permanent shields.

- A - -
1 W = Static Structural W = Static Structural
2 m Geometry " 4 2 @ Engineering Data + y——#2 ﬁ Engineering Data +" 4
Complete TS5 3 E Geometry v 4 3 E Geometry ¥ 4
4 §@ Model v g E4 @ Model v
5 ﬁSemp v 4 5 ﬁSemp F .
6 Solution ¥ 4 6 @3 Solution F o,
7 @ Results v ., 7 @ Results ¥
frictional with PEW and Removable Shields load

—

= Static Structural = Static Structural
Engineering Data g—a2 ﬁ Engineering Data
Geometry 4 3 E Geometry "

Model ———— W4 @ Model v
Setup 5 ﬁ Setup W
Solution 6 "TE Solution W
Results 7 @ Resuts v 4

bonded with PBW and Removable Shields load

%OAK RIDGE | %228
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The ANSYS model required dozens of bolt pretension loads for proper simulation.

D: bonded

Static Structural

Time: 3.5

Items: 10 of 229 indicated
4/8/2025 748 AM

. Standard Earth Gravity: 9806.6 mm/s*
Fixed Support

@ Frictionless Support

|E| green to green 1: Lock

|E| green to green 2: Lock

|E| green to green 3: Lock

@ green to green 4: Lock

|E| green to green 5: Lock

|I| green to green 6: Lock

|I| green to green 7: Lock

2.57e+005
M/ A
M/A

0 6e+03 (mm)

1.5e+03 4.5e+03
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Displacement and tilt were about as expected during the initial analysis without
removable shielding.

Radial Deformation

0.067023 Max

L 0.034704 Min

-0.034704 Min
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Adding the removable shield loads yielded no surprises.

E: with PBW and Removable Shields load
Vertical Deformation

Type: Directional Deformation(Y Axis)

Unit: mm

Slobal coordnate 55t E: wiith PBW and Removable Shields load
Vertical Deformation

4/8/2025 7:20 AM

— 0.0038229 Max

bl -0.01365
-0.031122
-0.048505
-0,066068
-0.08354
-0.10101
-0,11848

-0 13505 -0.15343 Min

— -0.15343 Min

Ge+03 (mm)

I 0000

4.5e+03
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Negligible deformation occurred in the liner below the shielding with max values
occurring where bolts anchors were tensioned.

0.0080859 Max
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A separate analysis was done for the baseplate and deformation maxed where the
M36 bolts were tensioned. No surprises were found.

G: FULL MODEL

Total Deformation 2
Type: Total Deformation
Unit: mm

= 0.016733 Max

uuiasy
0.013049
0.011207
0.0083 1 0.016733 Max
3 fa
0.005! ) =
i ’
0.0019969
.
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The anchor connections were tested with an exaggerated load using
COTS stainless washers and Grade 10 flange nuts in a worst-case
setup.

D: Double @72x5 Offset
Total Deformation
Type: Total Deformation

2/20/2025 9:51 AM

0.19923 Max
0.17709
0.15496
0.13282
0.11068
0.088547
0.06641
0.044274
0.022137
0 Min

- 26.8mm —

95003A204

igh-Strength Class
0 Steel Flange MNut

0.00 30.00 60.00 (mm)

I = s s s i o R = o W W |
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Target Station Shielding Seismic Analysis
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Standards Followed:

$03010000-TDO10000

SECOND TARGET STATION (STS)
PROJECT

Target Systems Seismic Design

Jack Thomison

May 2024

OAK RIDGE

National Laboratory

Of MANAGED BY UT-BATTELLE LLC FOR THE US DEPARTMENT OF ENERGY|
Draft. Not approved for public release.
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Specification for

Structural

Steel Buildings




ASCE 7-16 Equations Used Equation 2.4.5-10

10. 0.6D - 0.7E,

Formulas per STS Design Document 503010000-TDO10000
Name Equation ASCE 7-16 Equation #
Basic Horizontal Seismic Force Fo=(0.4a,SpesW /(R /1)) *(1+22/h)  (13.3-1
Maximum Horizontal Seismic Force Fomar = 1.63psl W, 13.3-2
Minimum Horizontal Seismic Force Fomin = 0.35psl W, 13.3-3
Vertical Seismic Force E, = +/-0.25,W,, 13.3.1.2
Definitions

W, = Component operating weight

a, = Component amplification factor from ASCE 7-16 Table 13.5-1 or 13.6-1

Spz = short period spectral acceleration (a ratio of gravitational acceleration)

*Spe = 485 per USGS at 5TS coordinates

R, = Componet response modification factor from ASCE 7-16 Table 13.5-1 or 13.6-1

Z = Height above base where attached

h = Average roof height, top of level 3 = 10.5m

I, = Componentimportance factor - see ASCE /-16 section 13.1.3 for more info

%OAK RIDGE | 52w (15 = Overstrength factor to be applied for anchorages to concrete or masonry per section ASCE 7-16 section 12.4.3
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The Spreadsheet

E F G H | J K L M N O P Q R

STS Target Station Shielding Seismic Analsyis using ASCE/SEI 7-16, Chapter 13 - Seismic Requirements for Nonstructural Components (Equivalent Static Method)

Definitions | | | |

Formulas per STS Design Document $03010000-TD010000

Name Equation ASCE 7-16 Equation # W, = Component operating weight
zvalue of beam line:
Basic Horizontal Seismic Load Fp = (0.4a,5p W/ (Ry/1)) *(1+22/h)  13.3-1 a, = Component amplification factor from ASCE7-16 Table 13.5-1 or 13.6-1
Maximum Horizontal Seismic Load Fomax = 1.65psl, W, 13.3-2 Sps = Short period spectral acceleration (a ratio of gravitational acceleration) 1.80m

TSS Bulk Shielding Assembly - Gravity Only

TSS Bulk Shielding Assembly w/ Anchoring

P

z (meters) h (meters) I, [o7% IV, 0.7F,/0.53W, Notes

Discounts bulk liner, base plate, and 4x pi

TSS Bulk Shielding Assembly - Gravity Only 0 0 shields

174,600 0.194 0.215 1.164 0.218 87,300 900,000 1 0.485 1.5 0 10.5 1.5 12 0.29

TSS Bulk Shielding Assembly w/ Anchoring 50 1,309,888
0 0
785,933

174,600 0.079 0.082 1.164 0.218
156,177 0.249 0.275 1.164 0.218
156,177

87,300
60,916

900,000 1 0.485 15 0 10.5 1.5 12 0.11
628,000 1 0.485 15 1.48 10.5 15 12 0.36
628.000

Discounts green/yellow shield layer and
Belt Line and Above w/ Anchoring -

Purple and Above - Gravity Only

Purple and Above w/ Anchoring

Red and Above - Gravity Only

Red and Above w/ Anchoring

Blue and Above - Gravity Only

Discounts Belt Line shielding and bels

Discounts Belt Line shielding and bel

Discounts Red shield layer and belos

Blue and Above w/ Anchoring

Reference 503010000-TDO10000 and ASCE/SEI 7-16

“*Weight = 2\57,()QDNFB‘BIr'm‘s2 -- Force from value given for Grade 10.9 M24 Bolt per AISC 360-22 Table J3.1M
***Conservative values - rounded down to nearest 10

RED VALUES REPRESENT MINIMUM

EFFICIENT OF FRICTION NEEDED

TAKES INTO ACCOUNT ASCE 7-16 EQUATION 2.4.5.10 FOR A MORE TAKES INTO ACCOUNT ASCE 7-16 EQUATION 2.4.5.10 FOR A MORE

Class A Coating Minimum Safety Factor 2.5 CONSERVATIVE COEFFICIENT OF FRICTION WITHOUT AN OVERSTRENGTH CONSERVATIVE COEFFICIENT OF FRICTION WITH AN OVERSTRENGTH
Class B Coating Minimum Safety Factor 4.1 FACTOR FACTOR

Class A Coating Safety Factor at Base 3.6

Class B Coating Safety Factor at Base 6.0

M24-Applied ASCE 7-16 2.4.5.10 Calc Tabl

2 Bolt Pretension

SECOND
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BACKUP SLIDES
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Core Vessel 4/2025
Preliminary Structural
Analysis

1. McManamy
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Lower Vessel part and mesh

SECOND
TARGET
STATION
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Beltline Part and mesh

pat | PeWzonewithcut (Mesh
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Upper Cylinder Part and mesh

Lo

SECOND
TARGET
STATION
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Lid and covers part
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Tent Assembly




SpaceClaim Upper Shaft model

All target and shaft vertical
loads go through upper ring
surface

%OAK RIDGE | %228
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Shaft load ring model in Abaqus

Simplified Abaqus model Mesh model with C3D10 elements

Shims simulated by 1 mm added to ring
and leg bottom surfaces — bolts not

included

SECOND
TARGET
STATION
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Upper Shaft and Crown SpaceClaim model and approximation

%
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- §

4
| S)TY
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e
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>
L1 2
¥
77 g
AN |
— \

All the bearings and drive
components above load ring
assumed to be a merged, stiff
structure with the crown piece

— Load Ring interface

— Crown Piece




Top 312 Part which includes crown for segment attachment
with all holes and cooling tubes suppressed

R,
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Shaft model as a solid

14 mm diameter holes added for target pin interfaces

OAK RIDGE |35
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Segment stalk simplified with merged parts and only main
coolant channel and remote handling thinning included

s \
1 _‘,,,‘,‘._.,,.._.‘m--‘. \.
z Y ﬁ‘(
l z
X X
OAK RIDGE [3:3%
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Simplified foot

Foot simplified part Tungsten and tantalum region Mesh with materials

+  W-Ta density 19e3 kg/m?3 <

%OAK RIDGE | %228
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Doghouse part

Density assumed 12.3 e3 kg/m3
Mass 5,000 kg

%OAK RIDGE
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Lower shaft region with cut

o
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ith cut
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Upper reg

Assembly Mesh model examples

Upper region

r
LVANAYAN
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Total 6.9 x 10° C3D10 elements
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Mass of target components - 17,022 kg

Ha== properties:
Volume: 2 .07
Volume centroid: 0.483.2.65,-3 .51e-10
Ma==: 17022 .18
Center of mass: 0.483,2.59,-3.43e-10
Moment of inertia about the center of mass (Izx, Ivy. Izz., I=zy., Ivz. Izx): 37851 .52.1385.02.37851 .45,1.00.3. 24e-04,-3 6%9=-05
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onstraints

Typical foot to stalk tie

Typical target pin tie to shaft flange

% Edit Constraint

MName: F1
Type: Tie

f Main surface: Fl [s M

f| Secondary surface: SB1 [z

Discretization method: | Analysis default |~

fl Main surface: P1 [}
fl Secondary surface: shaft-1.H1 =Y H L |
wl e =l = Ie | |
AT / Ay | M| [ Exclude shell element thickness

. I Position Tolerance

Discretization method: | Analysis default
(® Use computed default

[] Exclude shell element thickness
Position Tolerance /
\ \ l iy Pl O specify distance:

® Use computed default [ [
\ A I Note: Nodes on the secondary surface that are
considered to be outside the position

(O Specify distance:
) tolerance will NOT be tied.

Note: Nodes on the secondary surface that are
considered to be outside the position ] il 1
E | [ Adjust secondary surface initial position

tolerance will NOT be tied.
[] Adjust secondary surface initial position
I Tie rotational DOFs i applicable [ Tie rotational DOFs if applicable

Cancel

SECOND
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Constraints

Typical stalk to top (crown) tie

%
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# Edit Constraint

Mame: T1

Type: Tie

' Main surface: top_312-1-1top1 [3
f Secondary surface: ST1 [}
Discretization method: | Analysis default ;
[ Exclude shell element thic-kness

Position Tolerance

®) Use computed default

(O Specify distance:

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

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

onstraint Ratio

(]

Shaft to top tie

& Edit Constraint

Name: shaft_top

Type: Tie

I Main surface: shaft-1.shaft_top Q

I Secondary surface: top_312-1-1.top_shaft [

Discretization method: :‘mam\"
[ Exclude shell element thickness
Position Tolerance

(®) Use computed default

(O Specify distance: [

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

[] Adjust secondary surface initial position
A Tie rotational DOFs if applicable




Constraints

Top tie to load ring

Name: SHAFT_RING
Type: Tie

Load ring to tent assembly tie

¥ £
Name: ring_bottom

Type: Tie

f Main surface: top_312-1-1.top312_load_rind [} § Main surface: tent_assy-1.tent target [

I Secondary suface: load_ring2-1.top_ring [ ‘ ! - - - l Secondary surface: load_ring2-1.ring_bottom [

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

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

(® Use computed default
() Specify distance:

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

Position Tolerance
(@ Use computed default

(O Specify distance:

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

Adjust di rface inttial iti
[] Adjust secondary surface initial position L] At smrameinry smbeies et e

[A Tie rotational DOFs if applicable

[ Tie rotational DOFs if applicable

Cancel
Cancel

SECOND
TARGET
STATION
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Constraints

Tent assy to lid tie

%
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SECOND
TARGET

& E
Name: lid_tent
Type: Tie

§ Main surface: lid_covers-1.id_tent [}
fI Secondary surface: tent_assy-1tent lid [
Discretization method: | Analysis default
[ Exclude shell element thickness

Position Tolerance

® Use computed default

O Specify distance:

Note: Nodes on the secondary surface that are

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

[ Adjust secondary surface initial position
[A Tie rotational DOFs if applicable

Lid to upper cylinders

Name: lid_upper_vessel
Type:  Tie

# Main surface: lid_covers-1.lid_upper_vessel [3
P Secondary surface: upper_cylinders-1.upper_cylinder_lid [} f
Discretization method: | Analysis default ™

[ Exclude shell element thickness.

Position Tolerance

@) Use computed default

O Specify distance:

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

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

=) ‘ >
Il

Lid to Doghouse

&
w ok

Name: lid_doghouse

Type:  Tie

# Main surface:

Discretization method: | Analysis default

[ Exclude shell element thickness
Position Tolerance
(® Use computed default
(O Specify distance:

tolerance will NOT be tied.

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

oK

lid_covers-1.lid_doghouse [

M~

Note: Nodes on the secondary surface that are
considered to be outside the position

l Secondary surface: TVP_DOGHOUSE_FEB_3_2025-1.doghouse_lid [@

Cancel

pf




Constraints

Upper Cylinders to beltline

[l
L T

i

% OAK RIDGE |22
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Py

=
<

Name: upper_vessel_beltline

Type: Tie

P Main surface: beltline-1.beltline_upper_vessel [

! Secondary surface: upper_cylinders-1.upper_cylinder_beltline [
Discretization method: | Analysis default
[[] Exclude shell element thickness

Position Tolerance

@ Use computed default

(O Specify distance:

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

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

oK Cancel

pos

fo

Beltline to Lower Cylinders

wr bd 3

Name: beltline_lower_vessel

Type: Tie

l Main surface: beltline-1.beltline_lower_vessel [

! Secondary surface: lower_vessel-1.lower_vessel_beltline [
Discretization method: Analysis default v

[ Exclude shell element thickness
Position Tolerance
(® Use computed default
(O Specify distance:

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

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

0K Cancel

s




Step 1 Gravity only

Simulated weight of internal

shieldinag BC Fixed nodes on base

Gravity load

1 Load

Load-2

Pressure :  base

Step-1 (Static, General) : Symmetry/Antisymmetry/Encastre
Load-1 i ion: lower_vessel-1.lower_vessel_shielding [} . Initial

Gravity Pl L o > Region: lower_vessel-1.base_nodes [

sstribution: | Uri I
Step-1 (Static, General) T Distribution: | Uniform fix) . . F Csvs: (Global) [y 1

: (Whole Model) [ Magnitude: | 5.805E+06

(O XSYMM (U1=UR2=UR3=0)
Amplinide | (Ramp) Hh = | | ' O ¥SYMM (U2 = UR1 = UR3 = 0)
(O ZSYMM (U3 = UR1 = UR2 = 0)
Component 1: |0 T ‘ (O XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
(O YASYMM (U1 = U3 = UR2 = 0; Abaqus/Standard only)
Component 3: |0 k ‘ (O ZASYMM (U1 =U2=UR3=0; Abaqus/Standard only)
(O PINNED (U1 =U2=U3=10)

: A ;@n Cancel
Amplitude: (Ramp) _ ! = @ ENCASTRE (U1 =U2=U3=UR1 = UR2= UR3 = 0)

Distribution: | Uniform

Component 2: | -9.8

oK P— oK Cancel
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Step 4 Stress Assembly

Stress peak 448 MPa Stress top region — 172 MPa scale max

Max: +4.485e+08

5, Mises R B H “'?Es _

(Ava: 75%) (Avg: 73 Ei o8
+4.4852+08 +4. 4838+
+1.720e+02 +1.7208+08
+1.577e+08 +1.577a+08
+1.433e+08 +1.4338+08
+1.290e+08 +1.200e+08
+1,147e+00 +1.147e+08
+1.003e+03 3
+8.600e+07 *é‘EHS“"DE
+7.1678+07 +a B+
+5.733e+07 +7.167e+07
+4.300e+07 +5.7332e+07
+2.867e+07 +4.200e+07
+1.433e+07 #2260 Te+07
+8.171e+01 +1.4338+07

Max: +4.485e+08 +8.171e+01

Elem: LOAD_RINGZ2-1.409962 Max: +34.4852+08
Mode: 358 Elem: LOAD_RING2-1.409068
Modi: 358
46 seismic, pressure, temp, gravity
¥ ODB: CW_all.odb  Abagus/Standard 3 : 1 fla=tern Daylight Time 2025
T Step: Step-4, Temperatures added

®—p Xlncrement 1 Step Time = 1.000 Wi
Primary War: S, Mises ) o .
Deformed War: U Deformation Scale Factor: +5.000&+0

448 MPa Stress peak is where a load ring leg
connects to a ring on the side opposite to the load
National Laboratory | STATION direCtion
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Vacuum pressure loads

%
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2= Edit Load

Name: Load-4
Type:  Pressure
Step: Step-2 (Static, General)

Region: pressure [

Distribution: | Uniform
Magnitude: | 100000

Amplitude: | (Ramp)

2= Edit Load

Name: target area pressure
Type:  Pressure

Step:  Step-2 (Static, General)
Region: Surf-82 [

Distribution: | Uniform

Magnitude: | 10100

& Amplitude: |(Ramp)




5 Bar water pressure and CFD temperatures added in Steps 3
and 4

Mame: Load-6

Type:  Pressure

: Step-3 (Static, General)
Region: beltline-1.beltline_water [3

%OAK RIDGE | %228
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Nozzle at lower port and Core Vessel belt line

Parts imported info Abaqus Parts viewed from CV

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et
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Core vessel model

Core Vessel model Abaqus Core Vessel part
* A simplified core vessel part was
constructed from the SpaceClaim model

e Half Symmetry was assumed

* Only the face around one lower port
included for the lower nozzle analysis

e An axial depth of 70 mm was included
and the rear face was fixed for analysis to
simulate a very stiff full assembly

L..

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor:




Support blocks and weld to core vessel

Nozzle to Core Vessel weld Upper and lower support blocks are
welded to Nozzle plates

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Nozzle to Core Vessel Weld

Nozzle 1o Core Vessel Weld Fixed weld nodes
e The inner edge of the nozzle was welded
to the core vessel

* The stiffness of the core vessel was
simulated by fixing the nodes on the core
vessel weld surface and the weld was
merged with the nozzle plates in Abaqus

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE
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Block to nozzle welds

Weld tie for upper block

%
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HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

# Edit Constraint

Name: upper_8

Type: Tie
I Master surface: S03060200-A10100-5-1-1.upper_block8 [

!SIavesurface: Part-8-1.part8_upper_block [

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

Lower block weld ties are similar

Weld tie for lower block

# Edit Constraint

Name: lower_ 8

Type: Tie
§ Master surface: S03060200-A10100-5-1.lower_block 8 [*3

’Slavesurfaca Part-8-1.part8_lower_block [‘@

~

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

pof




Joint between inner nozzle part and outer nozzle part

Inner to outer nozzle part fie by inner  Skip welds merged with outer nozzle
weld surface part and tied to inner nozzle part

% Edit Constraint S Edit Constraint

Name: inner_4-6 Name: skip_4 6

Type Tie Type  Tie

§ Mastersurface: Part-9-1weld6 4 inside [} § Master surface: Part-3-1weld-4_skip [

[ Slavesurface:  Part-8-1weld 4 6 inside [ § Slavesurface:  Part-8-1part 8 skip [}

Discretization method: | Analysis default v Discretization method: | Analysis default

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

®) Use computed default ® Use computed default

O Specify distance: Q) Specify distance:

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

tolerance will NOT be tied. 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 Cancel

HIGH FLUX | SPALLATION
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Lower Assembly

Half Symmetry model showing
brackets, bolts and studs with @
section of the Core Vessel in blue Side View of assembly

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor:




Typical bolt constraints

Typical bolt constraint with tie on Typical constraint between bolt
mating surfaces within vessel to head and bearing surface
simulate threaded connection

% Edit Constraint & Edit Constraint
| Name: P2_51

Name: p1_295-4
Type: Tie

Type:  Tie

M ' Master surface: P91502A295-4-1.p295-4_ p2 [
f Slavesurface: Part-2-1p2 512054 [p

f§ Mastersurface: Part-1-2.51p1.295-4 [
| Slave surface:  P91502A295-4-1.p295-4_p1 [}

p-f

Discretization method: | Analysis default v Discretization method: | Analysis default

[ Exclude shell element thickness =
[] Exclude shell element thickness
Position Tolerance
®u uted default Position Tolerance
S€ computes aul
O Specify distance: (®) Use computed default
Note: Nodes on the slave surface that are O Specify distance:
considered to be outside the position Note: Nodes on the slave surface that are

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

[ Adjust slave surface initial position

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

A Tie rotational DOFs if applicable

Tie constraints typical for the 4 20mm Diameter bolts into the core vessel

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




16 mm Diameter bolt constraints

16 mm Diameter bolt threaded
region tie Bearing region tie for 16mm bolt

# Edit Constraint
Name: p4 277-1-1
Name: p7_.277-1 T T
€: e
Type: Tie L
Master surface: P91502A277-1-1,p277-1-1
§ Master surface: Part-7-1.p7_277-1 3 ' 3 R M
flofl f Slavesuface: Part-4-1.p4 277-1-1 [y
f Slavesurface:  P91502A277-1-1.p277-1-1_p7 [}

% Edit Constraint

L

Discretization method: | Analysis default

92
] Exclude shell element thickness

Discretization method: | Analysis default
= —— Position Tolerance

[ Exclude shell element thickness
Position Tolerance = e
(®) Use computed default o (®) Use computed default
O Specify distance: O Specify distance:
\ Note: Nodes on the slave surface that are
considered to be outside the position

Note: Nodes on the slave surface that are
tolerance will NOT be tied.

considered to be outside the position

tolerance will NOT be tied. I ’
I~ [J Adjust slave surface initial position

[ Tie rotational DOFs if applicable

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

Cancel

Cancel

Typical for both 16 mm bolts

HIGH FLUX | SPALLATION
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Restraint and centering pins

Lower support block centering pins Upper Block centering pins

Axial centering

Axial centering

__
fo |/

|/

Side restraint

i
Vertical support

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%QAK RIDGE

ional Laboratory

REACTOR | SOURCE




Lower support block restraints

Contact between lower suppor

Contact between lower support
block and vertical support pin

block and core vessel ( no
friction

Contact between lower support
block and axial centering pin

% Edit Interaction

Neme: CV_lower_block 4 Edit Interaction N

% Editinteraction

Type:  Surface-to-surface contact (Standard) Name: lower_block front

Type:  Surface-to-surface contact (Standard)

Name: lower_block_bottom

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

§ Master surface: Part-1-2CV_LOWER [y Step: Initial

Step:  Initial

P Slave surface:  S03060200-A10100-5-1lower_block CV [y § Master surface: m_Surf-5 [y

[

Siding formulation: @ Fiite siding O Smalllidin Master surfaces m_Surt-4
9 ommkitors @ Pl N[O SRR RRE) § Slave surface:  CMA-NOZZLE-BRACKET-FEA-STUD-.stud_lower_block front [y ’ R

s

Discretization method: Surface to surface . P Slavesurface:  CMA-NOZZLE-BRACKET-FEA-STUD-1-2-1.5tud-1-2-1_lower_block bottom [}

Sliding formulation: @ Finite sliding O Small liding
2 e I o Sliding formulation: @ Finite sliding O Small sliding

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

02 Discretization method: |Surface to surface !
[ Exclude shell/membrane element thickness
[0 Exclude shell/membrane element thickness
< ®Two (path) O = 02
Slave Adjustment | Surface Smoothing  Clearance = Bonding
@ No adjustment Contact tracking: @ Two configurations (path) O Single configuration (state) Contact g ® Two (path) O Single (state)

O Adjust only to remove overclosure Slave Adjustment  Surface Smoothing Clearance  Bonding Slave Adjustment  Surface Smoothing  Clearance ~ Bonding

O Specify tolerance for adjustment zone: [0
= @ No adjustment @ No adjustment
O Adjust slave nodes in set:

O Adjust only to remove overclosure O Adjust only to remove overclosure

O Specify tolerance for adjustment zone: 0 O Specify tolerance for adjustment zone: [0

O Adjust slave nodes in set: O Adjust slave nodes in set:

Contact interaction property: | hard_surface M e
teraction dialog Options:
(Default)
Contact interaction property: | hard_surface v B8 Contact interaction property: | hard_surface S -
. oK Cancel Options:

Upper block restraints are similar except without vertical pin

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
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¥O0akRIDGE  Joper Support block restraints

National Laboratory

Upper block with front pin

Contact upper block to core vessel

45 Edit Interaction x 2= Edit Interaction
Mame: Int-1 Mame: upper_block_front
Type:  Surface-to-surface contact (Standard) Type:  Surface-to-surface contact (Standard)
Step:  Initial Step:  Initial
' Master surface: Part-1-2.CV_UPPER Q M ' Master surface: m_Surf-6 k
[l Slave surface:  S03060200-A10100-5-1-1.upper_block TV [ f| Slavesurface:  CMA-NOZZLE-BRACKET-FEA-STUD-2-1.5tud2-1_upper_block_front [ !
Sliding formulation: (@) Finite sliding (O Small sliding Sliding formulation: @) Finite sliding (O Small sliding
Discretization method: | Surface to surface | Discretization method: | Surface to suface
[ Exclude shell/membrane element thickness [ Exclude shell/membrane element thickness
ce: (2
Contact tracking: () Two configurations (path) (O Single configuration (state) Contact tracking: ®) Two configurations (path) O Single cenfiguration (state)
Slave Adjustment  Surface Smoothing  Clearance  Bonding Slave Adjustment  Surface Smoothing  Clearance  Bonding
(®) No adjustment @® Mo adjustment
(O Adjust only to remove overclosure (O Adjust only to remove overclosure
(O Specify tolerance for adjustment zone: |0 (O Specify tolerance for adjustment zone: | 0
() Adjust slave nodes in set: () Adjust slave nades in set:
v B Contact interaction property: | hard_surface ™

Contact interaction property: | hard_surface

Options: Arerference

Side support pin not included because symmetry
assumption keeps assembly centered

174



Surface to Surface part contacts

Contact Core vessel to upper

bracket

% Editinteraction

Neme: Int-6

Surface-to-surface contact (Standard)

Initial

§ Mastersurface: Part-1-2p192 [y

fof

Siding formulation: ® Finit siding O Smallsiding

§ Svesutsce  Par2ppl Iy

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

02

Contacttracking: @ Two configurations (path) O Single configuraton (sate)
Slave Adjustment  Surface Smocthing  Clearance Bonding

® No adjustment

O Adjust only o remove overclosure

O Speciy tolerance for acjustment zone: [0

O Adjust slave nodes n set:

Contact interaction property: | hard_surface

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Contact core vessel to lower
bracket

& Edit Interaction
Neme: pl_p7
Type:  Sufface-to-surface contact (tandard)
Step:  Iniial
§ Master surface: Part-1-2p1p7 [y
§ Slavesurface:  Part-7-1p7.p1 [y +
Sliding formulation: @ Finite sliding O Small sliding
Discretization method:  Surface to surface v

[ Exclude shel/membrane element thickness

02

< ® h) O sing

Slave Adjustment  Surface Smoothing  Clearance Bonding

@® No adjustment

© Adjust only to remove overclosure
O Specify tolerance for adjustment zone: 0

O Adjuststave nodes in et

Contact interaction property: | hard_surface

Contact lower bracket to outer

lower bracket

% Edit Interaction

Name: p7_pd

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

§ Mastersurface: Part-7-1.p7.p4 [y

P Slavesuface:  Part-d-1.pd p7 [y -
Slding formulation: @ Finite siding O Small sliding
Discretization method: Surfoce to surface

[ Exclude shell/membrane element thickness

02

Contact tracking: @ Two ath) O Singl
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: | hard_surface M




ie Constraints

Typical tie between 20 mm bolt Typical tie for upper block

head and bearing surface on Typical tie between simulated centering pin to bracket part in
bracket part bolt thread area to core vessel [threaded region

4% Edit Constraint

&
S Edit Constraint & Edit Co

Name: P2_51
Name: p1_295-4 Neme: p2_stud-2
Type: Tie

Type T

Type T

’ Master surface: P915024205-4-1,p205-4.p2 [y

# Mastersurface: Part-1-251p1.295-4 [3
§ Slavesurface  Part-2-1p2 512954 [y

B Mastersurface: Part-2-1p2stud2 [3

P Slovesuace  PI1S02A205-4-1.p205-4 p1 [ [ Slave suface:  CMA-NOZZLE-BRACKET-FEA-STUD-2-1.stud2-1.p2 [
Discretization method:  Analysis default Discretization method: | Analysis defaut |+ Discretization method: | Analysis defauft
[ Exclude shell element thickness [ Exclude shell element thickness [ Exclude shell element thickness
Pasition Tolerance P

U ited default
(® Use computed default ® Use computed defaul
O Specify distance:

Position Tolerance
@ Use computed default
O Specify distance: O Specify distance:
Note: Nodes on the slave surface that are
Note: Nodes en the slave surface that are «considered to be outside the position
considered to be outside the position tolerance will NOTbe tied.
tolerance will NOT be tied.

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

[ Adjust slave surface initial position

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

e rotational DOFs f applicable
ie rotational DOFs if applicable i .

oK Cancel

Cancel

HIGH FLUX | SPALLATION
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Tie Constraints on bolts and pins

Typical 16 mm bolt head tie to 16 mm bolt tie in threaded Tie lower block front pin to

bracket part region to bracket part bracket in threaded area

a
-

45 Edit Constraint

Name: pd_stud]
Type: Tie

Name: pa 277-1-1
Type Tie

Name: p7_277-1

Type Tie

§ Master surface: Part-4-1p4 studl [y
P Master surface: P91502A277-1-1p277-1-1.p4 [y fof I Master surface: Part-7-1p7_277-1 [y '

™ fl Slavesurface:  CMA-NOZZLE-BRACKET-FEA-STUD-15tud p7 [
0 Slavesurface:  Part-4-1.p4 277-1-1 [y §) Slave surface:  P915024277-1-1.p277-1-1.p7 [3

Discretization method: | Analysis default v
Discretization method: | Analysis defautt 1/ Discretization methock | Analysis default 1/

[ Exclude shell element thickness [ Exclude shell element thickness

[ Exelude shell element thickness.

Position Tolerance. 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

Position Tolerance

® Use computed default

O Specity distance:

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

® Use computed defautt
O Specify distance:

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

[ Adjust slave surface initial position
Tie rotational DOFs if applicable R e i [ Adjust slave surface inftial position

Tie rotational DOFs if applicabl;
e rotational DOFs i applicable e rotational DOFs if applicable

oK Cancel

oK Cancel
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Tet Mesh around lower support bracket and typical bolt

Typical bracket and both tfet mesh 20 mm Bolt mesh
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Lower Bracket part mesh

SPALLATION
NEUTRON
SOURCE

HIGH FLUX
ISOTOPE
REACTOR

OAK RIDGE
National Laboratory

Upper Bracket mesh

Tet Mesh for bracket parts

%




Boundary Conditions

Boundary Condifion on outer flange
— only vertical restraint on botftom /. symmetry constraint in local
surface coordinate system

Name:
Step:
Region:
csvs:
Ou
Huw
Ous
O urt
O ur2
Jurs

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
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National Laboratory
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Boundary Conditions

Boundary condition fixed nodes on Boundary condition fixed nodes on

core vessel rear section weld o core vessel
o

» The stiffness of the core vessel was simulated
by fixing the nodes on the core vessel weld
surface and the weld was merged with the
nozzle plates in Abaqus

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE

SPALLATION
NEUTRON
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Lower Nozzle Assembly Model Statistics

Model Summary
e Tet mesh used for all parts

e Mesh refined around welds and bolt
bearing areas

e Total 2,770,170 elements

e 8 surface to surface hard frictionless
inferactions

e 22 tie constraints

OAK RIDGE

HIGH FLUX
- ISOTOPE
National Laboratory

SPALLATION
NEUTRON
SOURCE

REACTOR

Tet Mesh Model
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Beltline Part

Beltline mesh with 89,403 C3D10
Beltline part elements

6 mm weld
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27 mm Diameter NSRRI
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Front part

Front beam guide Part | C3D8R Mesh with 22494 elements
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Mesh with C3D10 elements
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Front flange ( R2W)
QAKRIDCE

Front Flange
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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
Bearing area
with side wall Weld area

HIGH FLUX
ISOTOPE

SPALLATION
NEUTRON

%OAK RIDGE

National Laboratory
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Front side Wall (R5)

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

Il

L
S5
Pavas

el
VA

<)
<7

Threaded holes
changed to

straight12 mm
diameter holes
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Intermediate Flange

Flange ( R7/W) with merged fillet and
skip welds C3D10 Mesh model

LLLLLLLLLLLLLLLLLL
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Top rear plate ( R8W) with merged groove weld

Top plate
C3D10 Mesh model

\ Side plate interface area

Groove weld

LLLLLLLLLLLLLLLLLL
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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

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
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National Laboratory
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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

2

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
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Array of 84 bolts in model

QA2
I VA
me.ru.m, )

SPALLATION
NEUTRON
SOURCE

HIGH FLUX
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Bolts
12 mm diameter bolt
F0AK RIDGE



Inserts for QIKR Nozzle

/5411bs (3420.6kg) 9228lbs (4185.6kg)

z :}J'

LOADS DURING OPERATION
(INSERT + OPTICS)

)

Wheel loads from Interface dwg ) j b | A
« 2110 kg front wheels ) o J N
« 1713 kg rear wheels

Lo 2110 ¢
i x W
=1 ] =1 J

Lo 2110 ¢ .

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

N s o w
|D‘ 1o ‘4 u|=4‘ 504030200MBU-8800-AI0M1 | -

%OAK RIDGE

National Laboratory
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Wheel to plate contact analysis

 An ideadlized analysis of the wheel to plate contact was made

e The intent was to 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

o A quarter symmetry model of the wheel was made and the load
applied by increasing the material density fo give 4 of the total
load

e Linear elastic material properties for steel or inconel were used

¥ OAK RIDGE | SSSSSS
National Laboratory

TARGET
STATION



Insert SpaceClaim model

%OAK RIDGE

National Labor



Wheel geometry with crown surface

i

Lubrication Port /

21.00mm —=— f=—
T
i ]

M20 x 1.5mm

’—— 24.000mm

0.80mm

' Roller Profile: Crowned

o

With Seal: Yes P [ IR TS

[MCMASTER-CARR. .20 5. 14707633

11D o s com Threaded Black-Oxide
© 2024 MeMaster-Car Sui Ca
el i A Steel Track Raller

| ivlormton in Des drinekg b proweed T rederee ool

Major Diameter

0

Minor Diameter

1000mm

Fillet Radius

500mm

Area

3053.4385mm*

Perimeter

293.9622mm

%OAK RIDGE |[5:32%

National Laboratory | STATION




Wheel cross section and curvature on contact face

Crown radius = 500 mm

%OAK RIDGE SSSSSS
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Wheel Abaqus model

ldealized V4 symmetry wheel model

Low modulus “mush”
addition for numerical
stability (.01 GPa)

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE

SPALLATION
NEUTRON

REACTOR | SOURCE

C3D10 mesh with 0.1 mm size in
contfact area




Bottom center to edge elevation change 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.

%OAK RIDGE | %228

National Laboratory | STATION



10 mm thick Inconel block

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

LLLLLLLLLLLLLLLLLL
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316L plate

50 mm thick 316L block C3D8 Hex mesh

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
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I ¥0akRIDGE  Assembly model

Assembly Assembly mesh by contact zone QCurvature gap across width
.

Ny
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Boundary Conditions

Top surface nodes of “mush’ fixed to
Bottom fixed nodes 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

HIGH FLUX | SPALLATION
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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

CsYs: (Global) [p L

@ 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 symmeftry

# 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

HIGH FLUX | SPALLATION
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I ¥0akRIDGE  Assembly model loads and materials

a wheel mass 529 kg Material input

=% MATERIALS
*Material, name=55316L
*Density

cgee.,

*Elastic

2e+11, ©.292

4= Edit Load

Name: Load-1

e Gty *Material, name=mush
Step:  Step-1 (Static, General) " »

Region: (Whole Model) [3 HDEHS:LtF

Distribution: | Uniform 1 =3

Component 1: 0 *Elastic

Component 2: -9.8

Ze+b, B.3
*Material, name=steel_wheel

Component 3: 0

Amplitude: (Ramp)

o5 *Density
1.855e+88,
*Elastic
Volum troid: 0.214 2E+11 3 a L] 3
Mass: 528.77
Center of mass: 0.214,-0.391,2.83 B
inertia about the center of mass (Izx, Iyy, Izz, Ixy, Iyz, Izx): 0.0395,0.0260,0.0260,8.692-05,0.00736,8.69e-05 L
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Assembly Von Mises Stress with 1250 MPa scale

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

S, Mises

(Bwg: 75%)
+2.643e+09
+1.250e+09
+1.146e+09
+1.042e+09
+9.375e+08
+8.333e+08
+7.292e+08

+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!

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




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

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




nconel plate

1250 Scale 50x dis

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

Max: +2,643¢]
Elem: BLOCK]
Wode: 17

placements

Step: Step-1, gravity whes
Increment  17: Step Time =
Primary Var: 5

Deformed Var: U Deformation Scale

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

Block Contact pressure —peak 2286
MPa

CPRESS
+2.2868+09

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

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

A
Step: Step-1, gravity wheel plate
Increment  17: Step Time = 1.000
Primary 1 CPRESS
z X  Deformed 1l Deformation Scale Factol



Inconel plate contact surface

Pressure with mesh shown Block Contact stafus
Mfssaszzxaa i

CETATUS

E Bonded

+1.903e+09

i

+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 |

BRI YA,
SRRSO

MNode: 11658
500
FAY)
PR
’:iﬁ'gl;‘
T
>
finer 316 mesh
Gep 3% 4 0ODB: Cyl_plate_03.0db  Abagqus/Standard
- . ¥
Y I 7 |2
Step: Step-1, g § 2 Step: Step-1, gravity wheel plate
z Increment 17 T ' Increment  17: Step Time = 1,000
Primary Yar: CPRE Primary ¥ar: CETATUS
Deformed War: U 3 G, z X Deformed Var: U Deformation Scale Factor: +5.000e+01
X ‘

Contact area roughly .5mm x 6mm or Tmm
x 12 mm for full model

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




Wheel contact pressure and stress

Wheel S 1250 MPa scale mesh with
to infterio

Wheel Contact pressure cut

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

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Assembly stress with 170 MPa scale

Von Mises stress 170 MPa scale

S, Mises

(Bwg: 75%)
+2.643e+09
+1.700e+08
+1.558e+08
+1.417e+08
+1.275e+08
+1,133e+08
+9.917e+07

+5.667e+07
+4.251e+07
+2.834e+07
+1.418e+07
+1.173e+04
Max: +2.6432+09
Elem: BLOCK-1.135853
Node: 17

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

Step: Step-1, gravity wheel plate

Increment  17: Step Time = 1.000
z x  Primary Var: 5, Mises

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

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

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
Elem: BOTTTOM_PLATE-1.11981
Mode: 7

finer 316 mesh

0ODB: Cyl_plate_Q3.0db Al aylight Time 2024

Step: Step-1, gravity wheel
Increment 17 Step Time
Primary War: S



Comparison to ideal cylinder on plate

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

e Crown on Abagus 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

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE

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

o A reasonable approximation of the contact area is an axial
length of 1 mm and a horizontal width of 12 mm

¥ OAK RIDGE | SSSSSS
National Laboratory

TARGET
STATION



Assembly Mesh Model

Cearad

- 3,462,970 . | :
elements f o
« C3D10 tet | |
elements except

for front in green
C3D8R elements

PAYAVAVAVAVAVAVAVAVAVAVA

VAVAYATAAYAVAVAYA
SNAVAVAVAVAVAVAVAVAVANAN Y, N Soava
‘ VAVAVAVAVAVAVAVAVAVAV1‘5"%‘%'%’%‘

%OAK RIDGE | %228

National Laboratory | STATION

T




I ¥OAKRIDGE 19 mMm pbolt Constraints -168

217

_ Typical bolt head tie Typical threaded zone tie

e Each of 84 12 mm bolts was 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 unique
name

e Each plate surface give unique
name

* No pre-load assumed

“‘" R
L4 )

f Slavesurface s Surf-12 [}

4% Edit Constraint

Name: B1H
Type:  Tie

f Master surface: R3W-1.H1 s

pof

Discretization method: | Analysis default

IR ] Exclude shell element thickness

Position Tolerance

S (@ 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

# Edit Constraint

Name: B1T
Type: Tie

| Master surface: S03060000-CV-NE-QIKR-R2.5-1.T1 [

fof

! Slave surface: s Surf-22 [
Discretization method: | Analysis default
o [] Exclude shell element thickness

}  Position Tolerance
(® Use computed default

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

Cancel



Front flange top bolt tie constraints - bottom constraints

similar
Upper bolt head to flange tie

Name: Bolt25TH
Type: Tie

l Master surface: RZW-1.B25T_head [

pof

f Slavesurface: sSurf-188 [3
Discretization method: | Analysis default v
8 (] 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

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

Threaded area tie to beltline

<= Edit Constraint

Name: beltline_B25T

Type: Tie

I Master surface: beltlineW-1.beltline_B25T _threads [}
!SIavesuﬂace_- bolt_25-1.bolt25_thread Q

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

#-




Shear Pin Surface to Surface Interactions — top shown -

bottom similar

Shear Pin to Front Flange

# Edit Interaction
g Name: Shear_pin_R2W_T

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

§ Master suface: m_Surf-193 [y

p-f

Sliding formulation: @ Finite sliding (O Small sliding

’Slavesurfa::: R2W-1.Shear top [3

Discretization method: | Surface to surface
[ 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
P Mastersuface: beltlineW-1.beltline_shear Top [}
f Slavesuface: s_Surf-192 [y 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

%OAK RIDGE |5
Nat STATI

ional Laboratory | STATION



Front Flange (R5W) and Beltline welds

Front Flange to Part |

Edit Constraint
Name: RZW_P1
o Type: Tie
§ Master surface: RZW-1RZWR1 [y
! Slave surface: ~ 503060000-CV-NE-QIKR-R2_1-1.P1_R2W [
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.

2 [ Adjust slave surface initial position

Tie rotational DOFs if applicable

Cancel

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

Beltline to Part 1

# Edit Constraint

Name: beltline_P1

Type: Tie
§ 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  ~
[ 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
g [ Tie rotational DOFs if applicable

Cancel



¥OakRoGeE  Front Flange ( R2W) welds

National Laboratory

Front Flange to front top plate Front Flange to front side plate lr;)trg rlange to

# Edit Constraint

P, : Y
Edit Constraint : f
4 S Edit Constraint Name: R2W_R4AW_bottom

Type: Tie

Name: R2ZW_R3W_top Name: R2W_R3_side
Type: Tie . = : ) £
- ' Type: Tie : § Master surface: R2ZW-1.R2ZW_R4W_bottom Y

3 -1. W =
§ Meseraudace (4 LRSS SN S 00 ] M P Moastersurface: RZW-1.R2ZW_RSW_weld [} ’ ’ R f Slavesurface:  RAW-1.R4W_R2W bottom [}
8l rface:  R3W-1.R3IW_R2W_t 3 ]
P Slavesurface R2W _top [ _ i P Slavesurface:  S03060000-CV-NE-QIKR-R2_5-1.R5_R2W side [} ] : I Discretization method: | Analysis default |
Sy Discretization method: | Analysis default % p i i §
§ - ocretzaton mete nalysis defau W Discretization method: | Analysis default ol B [ ] Exclude shell element thickness

[ Exclude shell element thickness =y ) o
3 0 [ Exclude shell element thickness L Position Tolerance

Position Tolerance
Position Tolerance ® Use computed default

(® Use computed default 2B \
O Specify dist @ Use computed default O Specify distance:
pecify distance: \

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

(O Specify distance: Note: Nodes on the slave surface that are
considered to be outside the position
Note: Nodgs on the slave su‘rface that are tolerance will NOT be fied.
considered to be outside the position

tolerance will NOT be tied. : e oo
[J Adjust slave surface initial position \ [ Adjust slave surface initial position
[ Tie rotational DOFs if applicable

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

[] Tie rotational DOFs if applicable

Cancel
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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 [:g

!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

rface: RIW-1.R3W_R
f Master surface: R3 3W_R5_groove [ Position Tolerance

® Use computed default
(O Specify distance:

!Slave surface:  S03060000-CV-NE-QIKR-R2_5-1.R5_R3W_groove [
Discretization method:  Analysis default  ~

[ 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

A Tie rotational DOFs if applicable

Cancel

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




¥0akRinGeE  |ntermediate flange (R7W) welds

Intfermediate

Intermediate flange to
plate

| % Edit Constraint €% Edit Constraint

| < Eedit Constraint

Name: R7W_R3W_inside Name: RTW_R4W_inside

Name: R7W_R5_weld_inside

Type: Tie Type: Tie
L Type: Tie | ==
. 2 B Master surface: R7W-1.R7W_R4W_bottom ¢
l Master surface: RTW-1.R7W_R3W top [} M . ! E § Master surface: RTW-1.R7TW_R5_weld_inside %) M = q ~ : " R M
i z i - . Slave surface:  R4W-1.R4W_R7W_bottom
§ Slavesuface: R3W-1R3W_R7W inside [3 ‘ § Slave surface:  S03060000-CV-NE-QIKR-R2_5-1.R5_RTW _inside_weld [} R
Discretization method: | Analysis default v - Discretization method: | Analysis defak 10 Discretization method: | Analysis default  ~
: ] § [ Exclude shell element thickness
[ Exclude shell element thickness [ Exclude shell element thickness
- | Position Tolerance
Position Tolerance Pasition Tolerance
(® Use computed default
(@) Use computed default (® Use computed default
kot o (O Specify distance:
ecify distance: ecify distance:
pecly g Note: Nodes on the slave surface that are
Note: Nodes on the slave surface that are Note: Nodes on the slave surface that are considered to be outside the position
considered to be outside the position considered to be outside the position tolerance will NOT be tied.
tolerance will NOT be tied. tolerance will NOT be tied. 1

[] Adjust slave surface initial position

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

[ Tie rotational DOFs if applicable

[] Adjust slave surface initial position

[ Tie rotational DOFs if applicable

Cancel

Cancel
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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
!Slavesurface: R3W-1.R3W_R7W_skip1 %

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

pf

Cancel

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

Typical skip weld tie to top or
bottom plate

4# Edit Constraint

P} Name: RTW_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 rotational DOFs if applicable

Typical Skip weld tie to front
S CRVE

d; 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

g

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

I Master surface: RSW-1.RSW_R11_groove k

P

! Slave surface:  503060000-CV-ME-QIKR-R2_11-1.R11W_RSW_groove Q

Discretization methad: | Analysis default

[ Exclude shell element thickness
5 Edit Constraint Position Tolerance

(® Use computed default
Mame: R8W_R11_groove

(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 atio

(®) 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

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




Rear Flange Weld tie constraints

Rear Flange to bottom plate

Rear Flange to top plate inside J@Rear Flange to side plate

¢ Edit Constraint

MName: R12ZW_R28W _inside
Type: Tie

’ Master surface: R12W-1.R12W_R8W_inside [:a
! Slave surface:  R8W-1.R8W_R12W_inside [@
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

Cancel

¢ Edit Constraint

Mame: R12W_R11
Tie

Type:

I Master surface: R12ZW-1.R12W_R11_inside R?
! 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

% Edit Constraint

MName: R12W_R%W_inside
Type:  Tie

f Master surface: R12W-1.R12W_ROW_insice [
! Slave surface:  R9W-1.RIW_R12W_inside_weld
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




Skip weld tie constraints with rear flange - total 14

Centerline skip weld ical top or bottom skip weld @@Typical side wall skip weld

Y b
Edit Constraint " .
5 Edit Constrain 5 Edit Constraint

¢ Edit Constraint
Nare: R12W_R8W_skip1

Name: R12ZW_RBW_skip2

Type: Tie Mame: R12ZW_R11_skip5

Type:  Tie

Type:  Tie
l Master surface: R12W-1.R12ZW_R8W_skip1 k

I Master surface: R12W-1.R12ZW_R8W_skip2 k

fI Slave surfsce:  RBWW-1.REW_R12W_sklipl [3 | Master surface: R1ZW-1.R12W_R11_skip3 [

!SIavesurface: REW-1.REW_R12W _slkip2 Q H

Discretization method: | Analysis default  ~ fI Slavesurface:  S03060000-CV-NE-QIKR-RZ_11-1.R11_skip5 3

[[] Exclude shell element thickness Discretization methodk | Analysis defaul: [ Discretization method: | Analysis default [~

Position Tolerance [ Exclude shell element thickness [ Exclude shell element thickness
(®) Use computed default B Position Tolerance i

(O Specify distance: - (®) Use computed default

Note: Modes on the slave surface that are (O Specify distance:
dered to be outside th iti
tc;::‘anir:wi;ipfo?:,:ti:d " Note: Nodes on the slave surface that are
considered to be outside the position
1 Adjust slave surface initial position tolerance will NOT be tied.

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.
Tie rotstional DOFs if applicable [ Adjust slave surface initizl position

Tie rotational DOFs if applicable

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

Cancel SPECHy vallte

Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
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Inconel pad tie 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: W3_RIW

MName: W1_ROW

Type: Tie

' Master surface: W1_RSW k

f) Slave surface:  ROW-TROW.W1 [

Type:  Tie
' Master surface: W3_R9W [ M
f Slavesurface: ROW-T.RIW WS [}

o

Discretization method: | Analysis default

Discretization method: | Analysis default v
[ Exclude shell element thickness

[ Exclude shell element thickness
Position Tolerance

® Use computed 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 initizl position [ Adjust slave surface initil position
Tie rotational DOFs if applicable

Tie rotational DOFs if applicable

Cancel

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




Shear pin tie constraint

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

« For numerical stability a very low
modulus (.01 GPa) extrusion was
added to the rear and tied to the beltline

 No significant effect on stress or
displacement

%OAK RIDGE | %228

National Laboratory | STATION




Interactions

e All Hard Frictionless

o Allows separation

%OAK RIDGE SSSSSS

1 Labor:



nteractions around front flange

Beltline and Front Flange

& Edit Interaction
Name: belline RZW
Type  Surface-to-surface contact (Standard)

Step:  Initial

fl Master surface: beltlineW-1.beltline R2W [
fI Slave surface:  R2W-1.R2W beftline [y a
Sliding formulation: @ Finite sliding O Small sliding
Discretization method: | Surface to surface |

[ Exclude shell/membrane element thickness

@T (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

(O Adjust slave nodes in set:

Contact interaction property: | Introp-1

Options: [[EETEEICERT

ontrols: | (Default)

ok

Cancel

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

Front top plate bottom inside to

front flange

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

Type:
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 to surface |
[ Exclude shell/membrane element thickness

02

Contact tracking: ®) T (path) O Single (state)

Slave Adjustment  Surface Smoothing  Clearance  Bonding
@® Mo 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:

oK Cancel

Front bottom plate top inside to
front flange

3¢ EditInteraction

Name: RZW_R4W_inside

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

J Master surface: R2W-1.RZW_RAW inside [}
[ Slavesurface:  RAW-1.R4W RIW inside [} 4
Sliding formulation: @ Finite sliding () Small sliding
Discretization method: |Surface to suface

[ Exclude shell/membrane element thickness

Contact tracking: @ Two configurations (path) (O Single configuration (state)
Slave Adjustment  Surface Smoothing  Clearance  Bonding
@® Mo adjustment
(O Adjust only to remove overclosure
() Specify tolerance for adjustment zone: 0

O Adjust slave nodes in set:

Contact interaction property: | IntProp-1

Options:

trols: | (Default)

Cancel




Front Side Wall interactions

Front top plate to front side all

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

Step:  Initial

i Mastersurface: RIW-1R3W_RSSS [

| 0 Siavesurface:  S03060000-CV-NE-QIKR-R2_5-1R5 top [ -
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 fo fronf side wall

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

Step:  Initial

Wl § Master surface: RAW-1.RAWRS S5 [3 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




Intermediate flange interactions

Intermediate flange to rear top

plate

4 Edit Interaction

MName: RTW_R8W,_inside
Type:  Surface-to-surface contact (Standard)

Step:  Initial

fI Master surface: RTW-1.R7W_RBW_Top_inside  [3

-

!S\avesurface: REW-1.REW_RTW inside [3

Sliding formulation: @ Finite sliding (O Small sliding

Discretization method: | Surface to surface v

[ Exclude shell/membrane element thickness

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 o=
Options:
(Default)
oK Cancel

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

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 [}

o

!S\avesurfa:e‘ S03060000-CV-NE-QIKR-R2_11-1.R11_RTW_inside [

Sliding formulation: @) Finite sliding O Small sliding

Discretization method: Surface to surface |

[ Exclude shell/membrane element thickness

(path) O Single (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 M OB

Options: [|-iee -

(Default)

oK Cancel

Intermediate flange to rear

bottom 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 [

pf

f Slavesuface:  ROW-1.ROW_RTW_bottom_inside [

Sliding formulation: @ Finite sliding O Small sliding

Discretization method: | Surface to surface v

[ 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 B
Options:
(Default)
oK Cancel




Rear side wall (R11) interactions

Rear top plate to rear side wall

OAK RIDGE |1sH iux

National Laboratory | REACTOR

SPALLATION
NEUTRON
SOURCE

4% Edit Interaction
MName: R8W_R11_85
Type:  Surface-to-surface contact (Standard)

Step:  Initial

J Master surface: RBW-1R8W R11SS [

f Slavesurface:  S03060000-CV-NE-QIKR-R2_11-1.R1TW_RBW_SS [ -
Sliding formulation: @) Finite sliding () Small sliding

Discretization method: | Surface to surface

[ Exclude shell/membrane element thickness
02

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

® No adjustrment
O Adjust enly to remove overclosure

(O Specify tolerance for adjustment zene: 0

(O Adjust slave nodes in set:

Contact interaction property: | IntProp-1
Options:

(Default)

4= Edit Interaction
Name: RSW_R11_S5
Type:  Surface-to-surface contact (Standard)

Step:  Initial

| Master surface: ROW-1.ROW R11SS [
!S\avasurfa(s: $03060000-CV-NE-QIKR-R2_11-1.R11W_ROW S5 k M
Sliding formulation: @ Finite sliding (O Small sliding

Discretization methed: | Surface to surface |

[ Exclude shell/membrane element thickness

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

(O Specify tolerance for adjustment zone: 0

O Adjust slave nodes in set

Contact interaction property: | IntProp-1

Options: [

(Default)

Cancel




Boundary Conditions

Rear flange bottom nodes

Beltline side nodes fixed restrained vertically X symmetry boundary condition

e 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 CSYS: (Glabal) [3 L _ 4 Edit Boundary Condition

o - Name: BC-3
ep: nitia Du] Type:  Symmetry/Antisymmetry/Encastre

Region: beltlineW-1.beltlineW_fixed [3

Step:  Initial

uz2 ) Region: XSVM [y
Cuz csvs: (Global) b A
Jur =0

o WR3=0)
CJurz UR2=0)
W . URT = 0; Abaqus/Standard only)
UR2 = 0; Abaqus/Standard only)
UR3 = 0; Abzqus/Standard only)
)
2= URT = UR2 = UR3 = 0)

CSYS: (Globaly [3 L

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

(O ¥SYMM (U2 = URT = UR3 = 0)

(0 Z5¥MM (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)
) PINNED (U1 = U2 = U3 = 0)

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

Cancel

Note: The displacement value will be
maintained in subsequent steps.

oK Cancel
oK Cancel
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Displacements with only gravity and no inserts

X) minimum -.0Tmm ) minimum -0.025 mm Z) minimum -.03 mm

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

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

X Step: Step-1, gravity X Step: Step-1, gravity Step: Step-1, gravity
7z Inarement | G StepTime = 1.000 2 Increment i StepTme = 1.000 z Incrament & Step Time = 1.000
rimary Var: U, UL Primary Var: u Primary Var:
Be e ar 07 Deformaion Scale Factor: +1.000e403 Dot it § beformation 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




Assembly Gravity only no inserts peak S 87 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, +
+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

%OAK RIDGE |t

National Laboratory | STATION



Assembly Displacement with gravity including insert loads

X) minimum -0.006mm

) minimum -0.1 mm

Z) minimum -0.07T mm

u, Ut

-5.6746-06
Max: +3.530e-06
Node: R2W-1.601
Min: -5.674e-06
Node: S03060000-CV-N

Min: -5.8745-06

Shear Pin surface to surface contat
Y ODB! QIKR_925.0db Abaqus/S(andard 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

-9.027¢-05
-9.850e-05

Max: +4.623e-06
Node; BELTLINEW-1.104
Min; -9,890e-05

Node: S03060000-C-Ng

Min: -9.890e-05 "~

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 preseurcs
7 Increment Time = 1.000
Primary \Var: u

Behad et 07 Deformation Scale Factor: +1.0006403

Max: +2.829¢-05
Node: R12W-1.59684

Min: -1.030e-05

Node: SHEAR_PIN-2.14

Shear Pin surface to surface contat
Y ODB: QIKR_925.0db Abaqus/Slandard 2020HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024
X Step: Step-2, insert Cpreseures
7 Increment 1.000

Primary Var:
BERmad it § beformation Scale Factor: +1.000e+03




Assembly Stresses with gravity and insert loads

Peak without Inconel pads 242 MBeltline Peak157 MPa by

eak 1297 MPa in Inconel Pad [iMPa in front flange by bottom hottom shear pin hole

s, Mises s, Mises
(Avg: 759%) (Avg: 75%)
+1,2976+0 +2.4206+08
+1.189+03 +2.21Be+0:
1:081e+0: +2.0176+08
+9.725+08 +1815e-+0:
+8.644¢+08 +16136+08
+7.564¢+08 +1.4126-+01
+6.483¢+08 +1.2106+08
+5.403€+08 +1.008e+08
+4.322+08 +8.0666+07
3.242¢+0 +6.0506+07
+2.161e+08 +4.0336+07
+1.081e+ +2.0176+07
+2.019+02 +2.019e+02 +3.406+03
Max: +1.297e+09 Max: +2.420e+08 Max: +1.571e+08
Elem: R2W-1.29815 Elem: BELTLINEW-1.166
Node: 606 Node: 202
Min: +2.019e+02 Min: +2.019e+02
Elem: SHEAR_PIN-1.10g] Elem: SHEAR_PIN-1.1087
Node: 8863 Node: 8863
Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface contact
Y 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 X Siep: step2, nsert pressures X Step: Step-2, nsert pressures
7 Ingement “11: StepTme = 1.000 7 Increment Time = 1.000 7 Increment 000 71e+08
Primary Var: S, Mis: primary Var < s Primary Var: By
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+03

HIGH FLUX | SPALLATION
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Assembly Stresses with gravity and insert loads

25 mm Bolts and Shear Pin
stresses peak 214 MPa in

Part 1 beam line guide peak

Beltline peak stress location bottom shear pin

s, Mises
(Avg: 75%)
+1.362¢+07
+1.249e+07

s, Mises
(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

=
S AT

>

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 e Gk S5 ot Abase/Standard 2020 HF4  Wed Sep 25 17:48:02 Eastern Daylght Time 2024
Step: Step-2, in| 7 &n ; Steps Step-2, insert pressures Z Step: step-2, Jsert pressures
Increment 11 Increment Tme = 1.000 Increment Time = 1.000

Primary Var: S, Primary \Var. < s Primary Var: s
Deformed Var: Deforrhedvar: U Deformation Scale Factor: +1.0006-+03 Dot ot "B formation Scale Factor: +1.000e+03

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
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Assembly Stresses with gravity and insert loads

Bottom Shear Pin peak 213

MPa with mesh shown Front Flange with merged weldsjFront Flange Peak stress
peak 242 MPa by bottom shear j@location within 4.25 mm ring

and < 100 MPa outside ring

pin hole

ssssssssssssss

NENNNEEESEE

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, Y 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 and

bottom plates — 50 MPa scale - Front bottom plate peak at side j@intermediate Flange wit

edge and corner of skip weld tiej@merged welds — peak 88 MPa

+1.1666+04
Max: +8.764¢+07
Elem: R7W-1.304984
Node: 466050

Max: +1.845e+08
Elem: R4W-1.231613
Node:

Elem: R4W-1,231613
Node: 136

Max: +1.595e+08

Shear Pin surface to surface contact Shear Pin surface to surface contact Shear Pin surface to surface contac|
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 Y ODB: QIKR_325.0db  Abaqus/Stal

Step: Step-2, insert pressures Step: Step-3, Vacuum Pressure. X ‘l. Z  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 Var: 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: +5.000e+02

17:48:02 Eastern Daylight Time 2024

HIGH FLUX | SPALLATION
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Assembly Stresses with gravity and insert loads

Rear Top, Side and Bottom
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

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

Inconel pad Stress Peak 1251
MPa ( 50x displacement)

/4 symmetry contact model
Inconel peak was 2643 MPa
using elastic model with no
yielding



Stresses with gravity and insert loads

Rear Flange with merged welds j@Peak 12 mm Bolt stress 42.6 Highest Stressed bolt — pea

Ty
o “
dE g NN ETERTTITT,

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

+5.6186+04
Max: +4.256e+07
Elem: P92290A630-2-LIN-30-1,3459
Node: 10389

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

Hin

11
MEXjé;!w!?llllllllllllllllllllllllllll

Shear Pin surface to surface conta Shear Pin surface to surface contact Shear Pin surface to surface contact
v ODB: QIKR_925.0db Abaqus/s(andard 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 ODB: QIKR_925.0db  Abaqus/Standard 2020.HF4  Wed Sep 25 17:48:02 Eastern Daylight Time 2024
X z X
Step: Step-2, Insert pressures X Step: Step-2, insert pressures Step: Step-2, nsert Cpreseures
Increment " 11: Step Time = 1.000 Increment Time = 1.000 Incremen

000

<

Primary Var: S, primary Var s o Primary Jer s
Bt Var: U Beformation Scale Factor: 45.000e+01 Deforrhedvar: U Deformation Scale Factor: +5.000e-+01 Dot ot "B formation Scale Factor: 45.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE
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SpaceClaim model and changes

Main changes made for Abaqus
model

 Nozzle plate and flange parts merged

e Bolt thread areas deleted, and holes
enlarged to match bolt diameters

e Lower bracket two center bolts changed
to shear pins with the same diameter

SpaceClaim model

¥.0AK RIDGE s ‘ AAAAAAAAAA
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Beltline part with partitions added to define contact zones and

merged water manifold plates

C3D10 Mesh

Beltline Part
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SOURCE
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National Laboratory
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Nozzle

Parts all merged C3D10 Mesh

HIGH FLUX
ISOTOPE
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Bracket 6 Assembly
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Bracket 7 with body and bolts

Part with bolts merged in contact
area of heads C3D10 Mesh

HIGH FLUX
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REACTOR
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Bracket 8 Assembly

Threaded area of bolts merged
with body

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

Bolt head merged
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20 mm diameter shear pins used in bracket 6

parts
C3D10 mesh

Low modulus
material zone
added to both to
make weak ties
SPALLATION to beltline

SOURCE

HIGH FLUX
ISOTOPE
REACTOR
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& Edit Interaction

Name: B6_nozzle side left
Type: Surface-to-surface contact (Standard)
Step:  Step-4 (Static, General)

| Master surface: nozzle_bottom_side_left

fl Slavesurface:  bracket_6_assy-1.side_2

Sliding formulation:

Surface to surface

Slave Adjustment  Surface Smoothing  Clearance

urface to Surface Interactions

Bracket 6 left side to Nozzle bottom

Bonding

4 Edit Interaction

Mame B6_nozle_side_right

Type  Surface-to-surface contact (Standard)
Step:  Step-4 (Static, General)

# Master susface: Nozzle_bottom_side_right
P Savesuface  bracket 6 sssy-1side ]
Shiding formulation:

Surface to surface

Sleve Adjustment  Surface Smocthing  Clearance

Bracket 6 right side to Nozzle bottom

Bonding

Contact interaction property: | IntProp-1
Contact interaction property: | IntProp-1 Options: Interference Fit...
Options: | Interference Fit... Contact contrets: | (Default)
Contact controls: | (Default) £ Active in this step
[ Active in this step oK
0K

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Surface to Surface Interactions — bracket 6 bottom
vertical

Left bolt to nozzle

Center bolt to nozzle Right bolt to nozzle

% Edit Interaction
-

£ Edit Interaction & cait Interaction Mame: Bl B
Name: B6_nozle_bottom _left

Name: B6_nozzie_bottom_center Type  Sudace-to-sudace contact (Standard)
Type:  Surface-to-surface contact (Standard) Type:  Surface-to-surface contact (Standard) Step:  Step-4 (Static, General)
Step:  Step-4 (Static, General) Step:  Step-4 (Static, General)

§ Master suface: Nezzle_bettom_right
§ Master surface: Nozzle_bottom _left ‘ § Master surface: Nozle_bottom,_center P Slavesuface  bracket 6 sssy-vertical 1
f Slavesurface:  bracket_6_assy-1.vertical 3 I # Slavesurface  bracket 6_assy-1vertical 2 L > Shding formulation:

Sliding formulation: = & Siiding formulation: S = s T ahars

Surface to surface 2 L s Surface to surface

Slave Adjustment  Sufface Smoothing  Clearance  Bonding
Slave Adjustment  Surface Smoothing Clearance  Bonding \ ~ y \ Slave Adjusiment  Surface Smoothing  Clearance  Bonding

Contact intesaction property: IntProp-1
Coniactintevacion propeiny | Prope 1 U8 Contact interaction propesty: IntProp-1 Qptions: interference it

O 3 i
Options: [Interference Fit... ptions: | interference Fit... Contact controls: | (Default)

e (Defautt) oe i this
Contact controls: | (Default) M Contact controls: | (Default EA Active in this step.

£ Active in this stey
[ Active in this step :

oK
oK Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




urface to Surface Interactions — bracket 8 top horizontal

center

Y ——

N bl beft

Type  Sudface-to-surfsce contect (Standaed)
Step  Soep-4 (Static, Genersl)

£ Edit Interacticn
Mame: b2_right
Type  Surace-to-surdnce comtact (Standand)
Stepe  Seep-d (Static, General)

B Master urtace: Nozsle front_left

Type  Suface-to-srface contact (Standard)
Step:  Step-4 (Static. General)
§ Yavesurface  bracket 8.1 fmetd

§ Master surface: Mozsie feont_center - ! | Mastes suface: Nozzle_front)right
R I # Shvesudace  bracke 8-1.front1

Slding formulation:

o
P e iutace  beschel 81500l
Sutace to wurtece

Slating fesmlstion

Surfece bo martnin Surfsceto surface

Sudace Smosthing  Clanince  Bonding

Sy Acrtmere Sulace Smoothing  Claaeance  Bandng Slave Adjustment  Surface Smocthing  Clearance  Bonding

Contact interaction propenty: letProp-1 Centact intmiaction propedly. inePrep-1 Contact intesaction property: | IntProp-1
Cptons intederence Fit Optont: mntumance Fit Options: |Interference Fit.
Contact cemtrols: Dl J Contact controks: | Delmakt) Contact contials: (Default)
A Active in this step R sy [ Active in this step

= o

oK

- NEUTRON
National Laboratory | REACTOR | SOURCE

3, OAK RIDGE |t | sesaon




Surface to Surface Interactions —bbracket 8 top lateral

Left side to nozzle Right side to nozzle

: Edit Interaction

Name: b8_sidel

o Edit Interaction
Type:  Surface-to-surface contact (Standard)

Mame: bE_side?
Type:  Sudace-to-surface contact (Standard)
Step:  Step-4 (Static, General]

Step:  Step-4 (Static, General)

J Master suface: Nozzle_top_right

B Master surfsce: Mozzie top left P Slavesuface:  bracket 8-1.sidel

B Slave suface  bracket 8-135ide2
Sliding formulation:

Sliding formulation:

Surface to surface

Surface to surface

Slave Adjustment ~ Surface Smoothing Clearance Bonding

Slave Adjustment  Surface Smoothing  Clearance  Bonding

Contact interaction property: | IntProp-1

ll Options: |Interference Fit..

Contact interaction propeity: IntProp-1
Optiens: |Interference Fit...

Contact controls: (Default)

3 Contact controls:  (Default) [ Active in this step

B [ Active in this st
E i oK

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




Surface to Surface Interactions — bracket 6 bottom lateral

Right side to nozzle

Left side to nozzle

# Edit Interaction

Name: B6_nozzle side left
Bl ype  Surface-to-surface contact (Standard)

Name: B6_nozzle_side_right
Type:  Surface-to-surface contact (Standard)

| Step:  Step-4 (Static, General) Step:  Step-4 (Static, General)

| Master surface: nozzle_bottom_side_left e | f Master surface: Nozzle_bottom _side_right p
fl Slavesurface:  bracket_6_assy-1.side 2 fl Slavesurface:  bracket_6_assy-1.side_1

Sliding formulation: Sliding formulation:

Surface to surface Surface to surface

0.2 0.2

Slave Adjustment  Surface Smoothing Clearance Bonding Slave Adjustment  Surface Smoothing Clearance Bonding

0 0
Contact interaction property: | IntProp-1 M E Contact interaction property: | IntProp-1 it E
ll Options: [Interference Fit... | Options: |Interference Fit...
Contact controls: | (Default) 4 Contact controls: (Default) ~

[ Active in this step Active in this step

OK

OK

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




Plate surface to surface interaction

%

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

S Edit Interaction

Mame beltline brackett

Type:  Surfbce-to-susce contact (Standard)

Stepe  Step-4 (Static, General)

I Master surface: beltline- 1 belting_bottom_bracket

P Svesurface  bracket & assy-1Upstream face

Sliding formulation:
Surface to surface

Sleve Adpustment  Susface Smocthing  Clearance  Bonding

Contact interaction propertys | IntProp-1
Options:  interference Fit...

| Contact conftrols: | (Default)

# Edit Interaction

Name: b8 beltline
Type:  Surface-to-surface contact (Standard)

Step:  Step-4 (Static, General)

§ Master surface: beltline-1.beltline_top_bracket
fl Slavesurface:  bracket_8-1bracket?_beltline
Sliding fermulation:

Surface to surface

Slave Adjustment ~ Surface Smoothing  Clearance

Contact interaction property: | IntProp-1

Options: |Interference Fit...

3 [ Active in this step

oK

o

Bonding




Plate surface to surface intferaction

Bracket 7 upstream face to bracket
6 Nozzle upsiream face to belfline

&5 Edit Interaction o Edil lateraction

Name belthie nozzhe
Type  Swfice-to-tufaoe contact (Standaed)
Bep Mo (S Gerar)

Name: B7_B6
Type:  Surface-to-surface contact (Standard)

Step:  Step-4 (Static, General)
B Master surface belthne- 1 belthre_Morrle

P Savesuface OV 15-NOZZLE-4-1 Hozle_betine
Shicineg formulstion:

| Master surface: bracket_6_assy-1.downstream_face 4o
o

f Slavesurface:  bracket_7-1.b7_b6_downstream

Sliding formulation:
Surface to surface [ R — —

Slave Adjustment ~ Surface Smoothing Clearance Bonding Slave Adprtment  Surdsce Smocthing  Clearance  Bonding

Contact interachon property: IntProp-1

Contact interaction property: | IntProp-1

E Options: | |nterference Fit... Optient: Intedenonce Fi—

Contact controls: | (Default) Contact controbs: (Default)

i ] Actroe o thes step

oK

Active in this step

oK

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




Shear pin surface to surface inferactions

Pin 1 to bracket 6 Pin 1 to beltline

e Edit Interaction

Name: pin1_S5

5 Edit Interaction

Name pini_b

Type: Surface-to-surface contact (Standard)
Step:  Step-4 (Static, General)

Type  Surface-to-surface contact (Standard)

| Master surface: beltline-1.pin1_5S
f Slavesurface:  P91502A295 pin2-1-2.beltline

Step:  Step-4 (Static, General)
# Master surfsce: beacket_5_assy-1.7n_1 55
P Svesuface:  PS1S02A295_pind-1-2b6
Sliding formulation:

Sliding formulation:

Surface to surface

Surface to surface

it Surface S hing Clearance Bonding

Sleve Adustment  Suface Smocthing  Clearance  Bonding

Contact interaction property: | IntProp-1

Contact interaction property: | kntProp-1
Options: Interference Fit...

Optsons:  Intedference Fit..
§ [ Active in this step

oK

oK

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




Shear pin surface to surface interactions

Pin 2 to beltline o Pin 2 to bracket 6

# Edit Interaction

3 Edit Interaction

Name: pin2_b6
Type:  Surface-to-surface contact (Standard)

Hame: pand_belthne

Typee  Surface-to-susface contact (Standard)
Step Step-d [Static, Genesal)

i Master surface: beltiine-1.pin2_55

B Steve suface  PO1SI2A20S pind-2belting
Sliding formulstione

Step:  Step-4 (Static, General)

| Master surface: bracket_6_assy-1.Pin_2_S5 e,
' Slave surface:  P91502A295_pin2-2.b6

Sliding formulation:

Surface to surface

Surface to urface

Ad t i
Sleve Adjustmant  Surface Smoothing  Clearsnce  Bonding Slave Adjustment  Surface Smoothing Clearance Bonding

Contact interaction property: | IntProp-1
Ll e Contact interaction property: | IntProp-1

Options: | Interference Fit...

il Contact controls: | (Default)

Options: | interference Fit...

3 [4] Active in this step

oK
oK

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Bracket 6 Tie Constraints

Bracket 6 bolt 1 head to bracket 7 Bracket 6 bolt 2 head to bracket /

% Edit Constraint & Edit Constraint

Mame bracketT_hi Marme: bracketT h2

Type T Type T

# Master surface: beacket 7-1.h1 [y § Master surface bracket T-1h2 [3

#-

()

f Slsvesudfsce  bescket 6 sssy-lhesd 1 [3 P Sevesuface  bracket 6 sssy-lhead 2 [3

Discretization method:  Analysis default = Discretization method: | Anshesis defsult
[ Exchude shell ehement thickness

Pesition Telerance
(®) Use computed default
() Specify distance:

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

[ Exclude shell element thickness
Position Tolerance
(®) Use computed default

O Specify distance:

MNote: Modes on the slave surface that are
considered to be outside the position
talerance will HOT be tied.

[ Adjust stave surface initial position

irf 1}
[ Adjust stave surface initial position B Tie retational DOFs if applicable

EA Tie rotational DOFs if applicable

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




Bracket 6 Tie Constraints

Bracket 6 bolt 3 head 1o bracket / Bracket 6 bolt 4 head to bracket /

2= Edit Constraint

.

% Edit Constraint
Name bracket?-hd

Name: bracketT_h3 Type Te

Type  Tie
# Master surface bracket 7-1.h4 [3

-

Master suface: bescket_T-1h3 [
’ = R P Stevesurface:  bracket § assy-lhead 4 [3

fof

P Slvesurface  bracket 6 wszy-lhead 3 [
Discretization method: | Analysis default

Discretization method: | Analbysis default
[ Exclude shell element thickness
Posstion Toberance

(®) Use computed default

[ Exclude shell elernent thickness
Postion Tolerance

{®) Use computed default

1) Specify distance:

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

() Specify distance
Mote: Modes on the slave surface that are
considered to be outside the pesition
tolerance will NOT be tied.
[ Adjust slave surface initial position
A Tie retstionsl DOFs # spplicable

) Adjust siave surface initial position
[ Tie rotational DOFs if applicable

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




Shear pin ties to beltline for numerical stability

Left pin “mush™ fie fo beliline Right pin “mush’ tie to beltline

¢ Edit Constraint

45 Edit Constraint Name: pin_right_mush
Type:  Tie

Name: pin_left_mush

Type:  Tie I Master surface: beltline-1.beltline_pin_right_mush [3

P Master surface: beltline-1.beltline_pin_left_mush X3 - ’ Slave surface:  P913024295 pin2-1-2.pin2-1_beltling mesh [
J ! Slave surface:  P913024295_pinZ-2.pin2_mush_beltline [3 P Discretizstion method: | Analysis default

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

(@) Use computed default

[ Exclude shell element thickness
Position Tolerance

g Use computed default O Specify distance:

Specify distance:

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

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 initizl position
Tie rotational DOFs if applicable

Tie rotational DOFs if applicable

Cancel

“mush” modulus = 2 MPa

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




Bracket 8 bolt tie constraints

Vertical Bolt 1 fo beliline ____Verfical Bolt 2 to belfline

# Edit Constraint -
# Edit Constraint

s Name: top_P1
Name: top_P2

Type: Tie
Type: Tie

' Master surface: beltline-1top P1 [ M
fl Master surface: beltline-1.top_P2 I3 M

f Slavesurface: bracket 8-1.p1 [
fl Slavesurface: bracket 8-1p2 [

Discretization method: | Analysis default |

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

Position Tolerance
(® Use computed default [ Exclude shell element thickness
O Specify distance:

Note: Nedes 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:

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
[ Adjust slave surface initial position

[~ Tie rotational DOFs if applicable

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




Bracket 8 bolt tie constraints

# Edit Constraint
Edit Constraint
w I S -~ s Name: top_P4
| L/ ANNOR / Type:  Tie
' Master surface: beltline-1.top_P4 k H

Name: top_P3
Type: Tie

fl Slavesurface: bracket 8-1.p4 (3
Discretization method: | Analysis default

' Master surface: beltline-1top P3 [ M

' Slave suface:  bracket_8-1.p3 [}
] Exclude shell element thickness

¥
Position Tolerance

Discretization method: | Analysis default
I i - { @ Use computed default

[] Exclude shell element thickness
- £ (O Specify distance:

Position Tolerance <
(® Use computed default T = :
_ - =1 S - i M Note: Modes on the slave surface that are
I * 3 | considered to be outside the position
= tolerance will NOT be tied.

(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

[[] Adijust slave surface initial position
A Tie rotational DOFs if applicable

Cancel

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




Gravity and Pressure Loads

Axial pressure on flange for 1
1 G vertical gravity 1 bar side external pressure bar axial pressure

4> Edit Load

Name: Load-1

Type:  Gravity

Step:  Step-4 (Static, General)
Region: (Whole Model) [

& Edit Load

Name: Load-7

& Edit Load

Distribution:  Uniform
Type:  Pressure

Step:  Step-4 (Static, General)
Region: Pressure flange

Component 1: |0
Name  Load-6

Type  Pressure

Stepe  Step-d (Static, General

Reguon: Pressure_noztle

Component 2: 9.3

Component 3: 0
Digtribution=  Uniform

Magnitude:

Amplitude: | (Ramp)

Amplitude:  (Ramp)
Distribution: | Uniform

Magnitude:

Amplitude:  (Ramp)
oK

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




Insert Gravity loads as pressures on pad areas

Left front pad area Right front pad area

= Edit Load

Mame: Load-3
Type:  Pressure -
wr Edit Load

Step: Step-2 (Static, General)
Region: CV-15-MOZZLE-4-1.E2 Q

Mame: Load-2

Type:  Pressure

Step: Step-2 (Static, General)
Region: CV-15-NOZZLE-4-1.E1 [

Distribution: | Uniform o fix)

Magnitude: | 6.817E+06
Distribution: | Uniform v fix)
Amplitude: | (Ramp) v F’b
Magnitude: | 6.817E+06

Amplitude: | (Ramp) d Pb

oK Cancel

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




Insert Gravity load as pressure

£ Edit Load X .}
Name: Load-5 Marme  Load-4

Type:  Pressure Type:  Pressure

Step:  Step-4 (Static, General) Stepe ep-4 (Static, General)

Region: CV-15-NOZZLE-4-1.F2 Regeon: CW-15-MOZILE-4-1.F1

Distribution: | Uniform Duinbution:  Pndarm
Magnitude: |JRENS3 Magnitude 1 =07

Amplitude: | (Ramp) \J Amplitude:  (Ramg)

Cancel

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

- National Laboratory | REACTOR | SOURCE




Seismic .231 g side loads for insert and structure

\ |

% Edit Load
Mame:  Load-3

5 Edit Load

N Load-9
e Type:  Pressure

Trpe  Pressure Step:  Step-d (Static, General)
ep: Step-4 (Static, Genera ry
Step:  Step-4 (Static, General) P P 2 EditLoad
Region: CV-15-NOZZLE-4-1SIDE_BACK [} Neme:  Lasd-10
ome: Load-

Region: CV-13-NOZZLE-4-1.5IDE_ FRONT [3
Distribution: | Uniform Y Type  Gravity

Step:  Step-4 (Static, General)
Magnitude: | 2.87E+06
Magnitude: | 1.720E+06 agnituce: - Region: (Whole Model) [3
Py Amplitude: | (Ramp) M R

Distribution: | Uniform Nt

Amplitude: | (Ramp) M
i & Distribution: | Uniform
Component 1: | -1.906
Component 2|0
Compenent 3: | -04576
Amplitude: | (Ramp)

Cancel
0K

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




Axial loads from .231 G seismic load in nozzle axial direction
(STEP 5)

Axial load from insert .231 g seismic Axial load on structure from .231 g
as pressure on upstream flange face  seismic in axial direction

LLLLLLLLLLLLLLLLLL
¥ 0AK RIDGE | iguf et
at;

ional Laboratory | REACTOR | SOURCE




Gravity loads modified to include 0.068 G vertical seismic load

Front insert load ( typ) Rear insert load ( typ)

5 Edit Load
Mame: Load-2
% Edit Load

Type:  Pressure
Step: Step-6 (Static, General) Name: Load-4
Region: CV-15-MOZZLE-4-1.E1

Type:  Pressure
Distribution: | Uniform Step:  Step-6 (Static, General)
Region: CV-13-NOZZLE-4-1.F1

* Magnitude:
Distribution:  Uniform

Amplitude: | (Ramp)
* Magnitude:

* Medified in this step
Amplitude: | (Ramp)

3F EditLoad

Name:  Load-1

Type:  Gravity

Step:  Step-6 (Static, General)
Region: (Whole Model) [3

oK

Distribution: | Uniform

Component 1: |0
. * Modified in this step
Component 2: |-10.47
Component 3 | 0 oK
Amplitude: | (Ramp)
* Medified in this step
OK Cancel

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




Beltline fixed

4% Edit Boundary Condition
BC-1
Symmetry/Antisymmetry/Encastre

Name:
Type:
Step: Initial

Region: beltline-1.beltline fixed [}

csys: (Global) [y A
O XSYMM (U1 = UR2= UR3 = 0)

O YSYMM (U2 = UR1 = UR3 = 0)

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

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

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

OK

Cancel

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

Boundary Conditions

Flange Bottom displacement

<% Edit Boundary Condition

Name:  BC-2

Type:  Displacement/Rotation
Step:  Initial

Region: flange_bottom [3

CSVS: (Global) [y L
Out

v2

Ous

CJur1

[Jur2

CJurs

Note: The displacement value will be
maintained in subsequent steps.

oK Cancel

Flange right side displacement

Displacement/Rotation

Step-4 (Static, General)
Region: flange_right side [

CSYS: Datum csys-2 [p L

Method: Specify Constraints h
Distribution: | Uniform M
ut: 0

vz

Ouz

CJ UR1: radians
[J ur2: radians
[J uR3: radians
Amplitude: | (Ramp) . F\7

Note: The displacement value will be
maintained in subsequent steps.

OK Cancel




Analysis Step Loads and Boundary Conditions

Loads Boundary Conditions
Structure 1 ISt 1 bar Seisimic  Seismic Selsmlc 1- Beltline 2-Flange 3-Flange
Step : mass 1g : ) vertical : .
g vertical : pressure side load axial load fixed bottom side
vertical load
1 X X X
2 X X X X
3 X X X X X
4 X X X X X X
5 X X X X X X X
6 X X X X

%OAK RIDGE |t

National Laboratory | STATION



Step 1 Gravity

Bracket Detail

Min: +0,00)

Ioads, axial and vertical s
b Ab dard 2020.HF4 15:58:17 Eastern Standard Time 2025

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 Insert loads added

S 10 MPa scale max S peak 324 MPa

o
Elem; Bf
K 4

vartical seismic loads added Revised seismic side loads, axial and vertical seismic loads added
dard 2020.HF4  Wed Jai . ODE: nozzle_DP3a.odb  Abaqus/Standard 2020.HF4 Wed Jan 08 15:58:17 Eastern Standard Time 2025

Stapos I Step: Step-2, grayity, Insert_loads
Inrement " 5: St Increment  6: Step Time = 1,000
rimary Var

rmed

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 gravity inserts and pressure

S max 328 MPa in bracket racket bolt stresses

Revised sei axial and vertical seismic loads add
ODB: nozzle_DP: bagus/Standard 2020.HF4  Wed Jai

Step: Stey
Increment:
Primary Var
Deformed

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 4 gravity, inserts, vacuum and seismic side load

Peak 335 MPa in brac

racket 6 bolts

Revised ssismic side Ioads, axial and vertical seismic loads added
ODE: nozzle_DP3a.odb  Abaqus/Standard 2020.HF4 Wed Jan 08 15:58:17 Eastern Standard Time 2025

Increment
Primary Var: 5,
Defarmed Vai

Step: Step-4, seismic-
1L Step T

Primary Var: U, Magnitude
Deformed Var: U~ Deformation Scale Factor: +5.0008+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 5 gravity, inserts, vacuum and axial seismic load

S peak 326 MPa in bracket 6 Brackets 6 and 8 172 MPa
bolt 10 MPa scale max scale maximum 326 Mpa peak

Revised seismic side Ipads, axial and vertical seismic loads added - .
‘ODB: ne >_DP3a.odb  Abaqu: ndard 2020 HF4 Wed Jan 08 15: 7 Eastern Standard Time 2025 baqu: 17 Eastern Standard Time 2025

Step: Step-5, axial seis 1
Increment 11 Stap Ti ¥ JsslEniciosd
Primary Var: U, Magritude
Deformed Var: U Deformatio

1.000

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




¥OakRIbGE  Bolt high stress and refined mesh used in hext submission

stress

Internal mesh
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Bolt and Pin Stresses

Bolt and Pin stress Step 4 643 MPa Bolt and Pin stress Step 6 672 MPa
peak 50 MPa scale peak 115 MPa scale
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Step 2 Bolt stresses

Bolt cross section just downstream of
Bolt peak stress Step 2 621 MPa tie to beltline

a
+
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i
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+
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Step 2 bolt cross section loads

Load on cross section primarily in
axial direction 6.6e3 N Stress linearization path

4= Stress Linearization

Basic  Computations
Curves
Stress line name: | DP_S6_SL1
[ Save XV data [] Save stress line to path
Stress Line
End point specification: ® Manual O From a path
Start BRACKET_6 ASSV-1.1104646
End  BRACKET_6_ASSV-1.1268255
Shape
Model shape: @ Deformed (O Undeformed
Mumber of intervals on stress line: | 405
Report
Write to file
File name: | DP_S6_SLTrpt
Append to file

HF4  Tiutan 144 o Cancel

OAK RIDGE | HicH FLux | sPALLATION

A ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Step 2 Stress linearization path 1 ~normal to surface

Stress component plots along path

[x1EQ]
T

0.10

Stress

0.05

OAK RIDGE

National Laboratory

1
0.000

' L L
0.002 0.004 0.006
True distance along path

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
REACTOR | SOURCE

I L
0.008 0.010

_DP_56_5L1-511
_DP_S6_SL1-S11-Membrane
_DP_S6_SL1-S511-Membrane plus Bending
_DP_56_5L1-502
_DP_S6_5L1-522-Membrane
_DP_S6_5L1-522-Membrane plus Bending
_DP_56_5L1-533
_DP_S6_5L1-533-Membrane
_DP_S6_5L1-533-Membrane plus Bending

Mises Membrane + Bending well
below 172 MPa limit

P T T

Bending components in equation for computing

membrane plus bending stress invariants are: S11, 522, 533, 512, S13, S23

Max. Mid. Min. Tresca Mises
Prin. Prin. Prin. Stress Stress

Membrane
(Average) Stress 4.58465e+07 2.397e+87 1.68146e+87 2.82319%e+87 2.5421e+87

Membrane plus
Bending, Point 1 9.167432+87 5.09364e+B87 3.668772+87 5.498662+87 §4.94273e+07

Membrane plus
Bending, Point 2 8§.14987e+86 -3.86693e+86 -1.27184e+B7 2.88675e+87 1.808887e+07

Peak Stress,
Point 1 1.1265%=+88 3.78211e+87 2.34531e+87 8.92855e+87 8.325492+87

Peak Stress,
Point 2 1.6453%e+87 §8.2149e+86 7.14416e+86 9.32096%9e+86 8.82318e+06



Step 2 Stress linearization path 2 ~parallel to surface

Membrane plus Bending peak 154
Path 2 MPa

45 Stress Linearization (Not Responding)
Basic  Computations Bending components in equation for computing

Curves membrane plus bending stress invariants are: 511, S22, 533, 512, S13, 523
Stress line name: | DP_S2_SL2

[ Save XY data [] Save stress line te path . . N
ave XY data [] Seve stress ine to pa Max. Mid. Min. Tresca Mises

Prin. Prin. Prin. Stress Stress

Stress Line

End point specification: @ Manual O From a path
Start BRACKET_6_ASSY-15417 Membrane
End  BRACKET6_ASSY-1633151 i (Average) Stress 1.87329e+88 1.66243e+87 2.17056e+86 1.85659e+088 9.92244e0+87

Shape

Model shape: @ Deformed (O Undeformed Membrane plUS

Numberofnteralson stressine: | Atz Bending, Point 1 1.76387e+08 4.29358e+87 B8.11872e+86 1.6818%e+08 1.53765e+08
Report

[7] Write to file

File name: | DP_52 5l 2.rpt Membrane plus
Appsnmg‘g Bending, Point 2 4.18686e+87 -6.1845%e+86 -9.7978le+B6 5.16664e+87 4.99579e+07

o

Peak Stress,
Point 1 3.19487e+88 1.93548e+88 5.34196e+B87 2.65987e+88 2.44303e+08

Peak Stress,
Point 2 3.37888e+07 1.25284e+07 2.87543e+86 3.089134e+87 2.73936e+87

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




Linearized Stress for Mises Membrane + Bending just below
172 MPa limit for Step 6 with vertical seismic load

Stress linearization path Membrane + Bending 165 MPa

------------------------------------- INVARIANT RESULTS -----oommmmmmmmmcmomomoooo

4% Stress Linearization (Mot Responding)

Basic | Computations Bending components in equation for computing
Curves membrane plus bending stress invariants are: $11, S22, 533, S12, 513, S23

Stress line name: | DP_S6_SL3

[ Save XY data [] Save stress line to path . . .
Max. Mid. Min. Tresca Mises

Stress Line

End point specification: ® Manual ) From a path Prin. Prin. Prin. Stress Stress

Start BRACKET 6 ASSY-1.5417 Membrane
End  BRACKET 6 ASSY-1.763306

(Average) Stress 1.15786e+88 1.85194e+87 3.89464e+86 1.12612e+88 1.85746e+08

Shape
Model shape: (@ Deformed () Undeformed

Number of intervals on stress line: | 40 % Membr‘ane p:LUS
- Bending, Point 1| 1.913082e+88 [1.72327e+87 1.15477e+87 1.79754e+08 I1.54335e+93
[ Write to file
File name: | DP_S6 SL3.rpt Membrane plus
BAppendorile Bending, Point 2 4.28968e+87 -8.12843e+96 -1.82103e+87 5.31071e+87 5.20974e+87
Cancel
Peak 5tress,
Point 1 3.37837e+08 1.11243e+08 6.24541e+87 2.753832+08 2.5452e+08
°0.HF4  Thu Jan 09 20:11:44 Eastern Standard Time 2025 Peak Str‘ESS »
Point 2 3.61125e+07 1.35838e+87 4.11398e+06 3.19985e+07 2.84704e+87

ODB: E:/CV 2823 2024/Nozzle dual port/nozzle DP4.odb
Step: Step-6
Frame: Increment 11: Step Time = 1.228

inearized 5tresses for stress line 'DP_S6_5SL3°
Start point, Point 1 - (-8.2916299700737, -8.14198374314785, -1.71695816516876)

End point, Point 2 - (-9.292371213436127, -6.142926887589232, -1_7225593328476)
%OAK RIDGE HIGH FLUX | SPALLATION Number of interwvals - 48
National Laboratory | REACTOR | SOURCE




Step 6 Stress linearization Path 2

Stress SL4 path Mises mebrane + bending 99.6 MPa

————————————————————————————————————— INVARIANT RESULTS -------ommmmmm e
5 Stress Linearization
B Bending components in equation for computing
Curves membrane plus bending stress invariants are: 511, S22, 533, 512, 513, 523
Stress line name: | DP_S6_SL4
[] Save XV data [] Save stress line to path Max. Mid. Min. Tresca Mises
Stress Line Prin. Prin. Prin. Stress Stress
End point specification: @ Manual () From a path Membrane
Start BRACKET_6_ASSY-1.3417
Exd | ERACKET 6L ASSY-1 1311070 (Average) Stress 9.20399e+87 4.9585e+87 3.62583e+87 5.57816e+87 5.84559e+87
Shape
Model shape: ® Deformed (O Undeformed Membrane plus
Nurmber of intervals on stress lines | 2002 Bending, Point 1 1.76165e+88 8.66837e+87 6.88391e+87 1.87326e+88) 9.96099%e+07
Report
& Wit to file Membrane plus
File name: | 0P_5"_SL4rpt Bending, Point 2 2.45693e+B7 3.62892e+86 -4.11999e+86 2.86893e+87 2.57062e+07
[ Append to file
- — Peak Stress,
Point 1 3.0069e+88 8.9398e+87 3.98405e+87 2.60849e+08 2.3994e+88
Peak Stress,
Point 2 3.84861e+07 1.44351e+87 1.28711e+87 2.56151e+87  2.487e+07
Statically Equivalent Linear Stress Distribution across a Section,
written on Tue Jan 14 13:33:34 2825

Linearized S5tresses for stress line "DP_56 504°
Start point, Point 1 - (-8.2916299786737, -0.14196374314785, -1.71695816516876)

End point, Point 2 - (-8.2914492487968741, -8.14552815258563, -1.71598842114258)
%OAK RIDGE | HigH FLux | SPALLATION Number of intervals - 48
National Laboratory | REACTOR | SOURCE




Beltline and shear pin stresses

Shear Pin peak stress 170 MPa Step 6 peak stress 201 MPa

+
+
+
+
+
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-
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+
+
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Peak membrane + bending 80
MPa from stress linearization
around peak

HIGH FLUX
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REACTOR
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SOURCE
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Option to reduce lower bolt stress

Option to add margin

e The vertical gravity and seismic loads near
the beltline are carried by the vertical pins
In the lower bracket

* The moment created around the beltline
from these pins is resisted by the bolt
tension with bending and lower bracket
edge in compression against the beltline

e Extending the bracket lower edge should
reduce the loads on the bolts

e Using 25 mm bolts in the lower bracket
would also help

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE

Lower Bracket Stress 50 MPa scale

Displacement x 500



Summary- model DP4

e The peak stresses were on the lower bracket bolts from vertical

loads and resulting bending moment

 The peak of 167 MPa in Step 6 was very localized just
downstream of where the bolt entered the beltline thread area

o Stress linearization Mises peak membrane plus bending was 165

MPa close but below the 1.5 Sm limit of 172.5 MPa

e The bolt load on the 20 mm diameter bolts was approximately

6.5 kN which would give an average axial stress of @

» Design changes such as enlarging the lower bracke

oout 21 MPa

FINnCreasing

the distance from the lower bracket edge to the bo
should reduce the bolf loads

¥ OAK RIDGE | SSSSSS
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Lower bracket model similar to previous DP4 model with
changes to bolt and pin diameters and 25 mm extens

Bracket bolts use .25 mm mesh
around tie contact to beltline




Revised Tie constraints with 24.65 mm diameter bolts/pins

Lower bolt tie to beltline ( typ) Shear pin soft tie to beltline ( typ)

¢ Edit Constraint

¢ Edit Constraint
Mame: pin_right_mush
Type: Tie
' Master surface: beltline-1.beltline_pin_right_mush k M

P915024A295_pin2-1-lin-2-1.pin2_mush_beltline [@

Name: bottom_B1
Type: Tie
’ Master surface: beltline-1.bracketf_bolt_right k

! Slave surface:

fl Slavesurface:  lower_bracket-1.horizantall [
Discretization method: | Analysis default v

Discretization method: | Analysis default |
[ Exclude shell element thickness
PositionTalranee [1 Exclude shell element thickness
@ Use computed default Position Tolerance
(®) Use computed default
() Specify distance:

(O Specify distance:
MNote: Modes on the slave surface that are
considered to be outside the position

Note: Nodes on the slave surface that are
tolerance will NOT be tied.

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

Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Revised pin Interactions

Shear pin surface to surface contact Shear pin surface to surface contact
with beltline (typ) with lower bracket (typ)

4% Edit Interaction X .
3 EditInteraction

Name: pinl_5§
Name: pinl_b6

Type  Surface-to-surface contact (Standard) Typer surt e DN

Step:  Initial

Step:  Initial

JJ Mastersurface: lower bracket-1.pin1 55 [3 M
fI Slavesurface:  P915024295 pin2-1-lin-2-106 [}
Sliding formulation: @ Finite sliding O Small sliding

f Mastersurface: beltline-1.pin1 55 [} “‘!
f Slavesurface:  P91502A295_pin2-1-lin-2-1.beltline [

Sliding formulation: @) Finite sliding () Small sliding

Discretization method: | Surface to surface |
Discretization method: Surfaceto suface |

[ Exclude shell/membrane element thickness

[ Exclude shell/membrane element thickness
ce: (02

ce: |02

Contact tracking: (® Two configurations (path) () Single configuration (state) 3 A I B
Contact tracking: @) Two configurations (path) (O Single configuration (state)

Slave Adjustment  Surface Smeothing  Clearance  Bonding Siave pdement |Sarocs o a Bond
ave Adjustment  Surface Smoothing  Clearance  Bonding

(® No adjustment

(® No adjustment
(O Adjust only to remove overclosure

(O Adjust enly to remove overclosure

(O Specify tolerance for adjustment zone: | 0
(O Specify tolerance for adjustment zone: | 0

(O Adjust slave nodes in set:
(O Adjust slave nodes in set:

Contact interaction property: | IntProp-1 V=]
Contact interaction property: | IntPrap-1

Options:

Options:
(Default)

(Default)

oK Cancel
Cancel

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
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Revised surface to surface contact lower bracket to beltline

# Edit Interaction

Mame: belthine_bracketb
Type:  Surface-to-surface contact (Standard)

Step:  Initial

I Master surface: beltline-1.beltlint_bottom_bracket [E

! Slave surface:  lower_bracket-1.upstream _face R? H
Sliding formulation: (®) Finite sliding (O Small sliding

Discretization method: | Surface to surface

[1 Exclude shell/membrane element thickness

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 adjustrnent zone: |0

() Adjust slave nodes in set:

Contact interaction property: | IntProp-1
Options: |[nterference Fit
Contact controls: [(Diefault)

oK Cancel

%OAK RIDGE | %228
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