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Nozzle at lower port and Core Vessel belt line

Parts imported into Abaqus Parts viewed from CV
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Core vessel model

Core Vessel model

o 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
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Abaqgus model of Nozzle Assembly

Assembly with Four Parts Half
Symmetry

* Most welds and flanges were merged

Merged Assembly

e Four parts
— Quter 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

 Skip welds on curved edges not
modeled ._I

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

Overall Mesh with C3D 10 elements
total 1,682,518 elements for nozzle
parts Mesh around Joint region
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Support blocks and weld to core vessel

Nozzle to Core Vessel weld Upper and lower support blocks are
welded 1o Nozzle plates
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Nozzle to Core Vessel Weld

Nozzle to Core Vessel Weld Fixed weld nodes

* 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
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Block to nozzle welds

Weld tie for upper block Weld tie for lower block

# Edit Constraint

Name: upper_8

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

!Slavesurface: 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

# 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

Lower block weld ties are similar
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Joint between inner nozzle part and outer nozzle part

Inner to outer nozzle part tie by Skip welds merged with outer nozzle
inner 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

§ Moster surface: Part-9-1weld6_4_inside [} § Master surface: Part-3-1weld-4_skip [y
Part-8-Tweld 4.6 inside [ - f Slavesurface: Pat-8-1part 8.skip [3

[ Slave surface:
Discretization method: | Analysis default ™ 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
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Lower Assembly

Half Symmetry model showing

brackets, bolts and studs with a
section of the Core Vessel in blue Side View of assembly
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Typical bolt constraints

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

e P,
% Edit Constraint & Edit Constraint
Name: p1_295-4 | Name: P2_51

Type: Tie Type:  Tie

§ Mastersurface: Part-1-2.51p1_295-4 R M ' Master surface: P91502A295-4-1.p295-4_ p2 [

f Slavesurface:  P91502A295-4-1.p295-4 p1 [ [ Slavesurface:  Part-2-1.p2_51_295-4 e

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
[ Adjust slave surface initial position

A Tie rotational DOFs if applicable

[ Tie rotational DOFs if applicable

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

16 mm Diameter bolt threaded
region fie 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 [ d P P4 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  ~ Discretization method: | Analysis default
[] Exclude shell element thickness . [] Exclude shell element thickness
Position Tolerance s - ; Position Tolerance
. (® Use computed default
O Specify distance:

(®) Use computed default
() 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

Typical for both 16 mm bolts
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Restraint and centering pins

Lower support block centering pins Upper Block centering pins

Axial centering

Axial centering

__
fo |/

|/

[
Vertical support

Side restraint
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Lower support block restraints

Contact between lower

support block and core
vessel ( no friction

& Eit Interaction
Neme: CV_Jower_block

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

P Master surface: Part-1-2CV_LOWER [y

§ Slavesurface:  S03060200-A10100-5-1.lower block CV [y d
Siiding formulation: @ Finite siding O Smal sliding
Discretization method: | Surface to surface v
[ Exclude shell/membrane element thickness
02
G @T ions (path) O
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
teraction dialog Options
(Default)
caet oK Cancel

Contact between lower

support block and axial
centering pin

4 Edit Interaction

Name: lower_block front
Type:  Surface-to-surface contact (Standard)
Step:  Initial
P Mastersuface: m_Surf-5 [}
§ Slavesuface:  CMA-NOZZLE-BRACKET-FEA-STUD-1.stud_lower_block front [y
Sliding formulation: @ Finite sliding O 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 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

Options:

-

Contact between lower

support block and vertical
support pin

% Editinteraction

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

Initial

§ Master surface: m_Surf-4 [y
§ Slave surface:  CMA-NOZZLE-BRACKET-FEA-STUD-1-

-

1 lower_block bottom [y
Sliding formulation: @ Finite sliding O 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 adjustment
O Adjisst only to remove overdlosure
O Specify tolerance for adjustment zone: [0

O Adjust slave nodes in set:

Contact interaction property:  hard_surface M E

Upper block restraints are similar except without vertical pin
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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
h ever () Alw Us pl contact points Selectively Veve Alwa
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 M~

Contact interaction property: | hard_surface

Options: [aterference s

Side support pin not included because symmetry
assumption keeps assembly centered

15



Surface to Surface part contacts

Contact lower bracket to

Contact core vessel to

Contact Core vessel to

outer lower bracket

upper bracket lower bracket

4 Edit Interaction

Neme: Int-6

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

§ Mastersurface: Part-12p152 [y

-

Siding formulation: ® Finit siding O Smallsiding

§ Savesurtace Part-2-1p2pl [y

Discretization method: | Surface to surface
[ Exclude shel/membrane element thickness.
02

C ® th) O
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
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& Edit Interaction

Name: p1_p7

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

§ Mastersurface: Part-1-2p157 [y

§ Sovesurtace  Port-T-LpTpl Iy

fof

Siding formulation: @ Finie siding O Small siding

Discretization method:  Surface to surface
[0 Exclude shell/membrane element thickness
02

) O
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 i set:

Contact interaction property: | hard_surface

% Edit Interaction
Name: p7_pd
Type:  Surface-to-surface contact (Standard)
Step:  Initial
§ Master surface: Part-7-1.p7.p4 [y
P Slavesuface:  Part-d-1.pd p7 [y -
Sliding formulation: @ Finite siiding O Small siding
Discretization method: Surfoce to surface
[ Exclude shell/membrane element thickness

" ’ 02 |

¢ @ Two (path) O
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




le Constraints

Typical tie between 20 mm Typical tie between Typical tie for upper block

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

4% Edit Constraint

S Edit Constraint & Edit Constraint
Name: P2_51

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

Type T Type: Tie

§ Master surface: PO1502A205-4-1p295-4 p2 [ of
§ Slvesuface: Part-2-1p2 512854 [y

# Mastersurface: Part-1-251p1.295-4 [3 fof P Mastersurface: Part-2-1.p2stud2 [3
P Slavesurface:  P315024205-4-1p285-4 p1 [y [ Slave suface:  CMA-NOZZLE-BRACKET-FEA-STUD-2-1.stud2-1.p2 [
Discretization method: | Analysis default Discretization method: | Analysis defautt v

Discretization method: | Analysis defauft
[ Exclude shell element thickness [ Exclude shell element thickness

[ Exclude shell element thickness
Position Tolerance Pociicnlocnce Position Tolerance

Use computed default
(® Use computed defaut J &

@ Use computed default
O Specify distance:
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 NOT be ti

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

Tie rotational DOFs if applicable Constraint Ratio < rotational DOFs if applicable

LT, Constraint Ratio
traint Ratio

Jse an,

default

Specif
is default

ify value

oK Cancel
0K Cancel
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Tie Constraints on bolts and pins

Typical 16 mm bolt head tie

to bracket part
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% Edit Constraint

Name: pa 277-1-1
Type Tie

§ Master surface: PS1502A277-1-1.p277-1-1.pd [y ol
P Slavesurfoce:  Part-4-1.p4 277-1-1 [y,

Oiscrezaton methods A dfah

[ Exclude shellelement thickness
Positon Tolerance
® Use computed defaut

O spectydtance [

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

[ Adjust slave surface intil position

e rotational DOFs if applicable:

Constraint Ratio

Use analysis default

SPALLATION
NEUTRON
SOURCE

16 mm bolf fie in threaded
region to bracket part

45 Edit Constraint

Neme: p7_277-1
Type Tie

I Master surface: Part-7-1p7_277-1 [y

§ Slavesudace:  POTS02A277-1-1.p277-1-1p7 [y

Discretization methock | Analysis defoult /|

[ Exelude shell element thickness.

Position Tolerance
® Use computed defoutt

O specydisnce [T

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

[] Adjust slave surface initial position

i rotational DOFs if applicable

Censtraint Ratio

Use analysis default

[

Tie lower block front pin to

bracket in threaded aread

& Edit Constraint

Name: pd_stud]
Type: Tie

§ Master surface: Part-4-1p4 studl [y

#

[l Slave surfaces  CMA-NOZZLE-BRACKET-FEA-STUD-1.5tud_p7 [}

Discretization method: | Analysis default ||

[ Exclude shell element thickness

Position Tolerance
@ Use computed default

O syt e [

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

[ Adjust slave surface initial position

e rotational DOFs if applicable

nstraint Ratio

Use analysis default




Tet Mesh around lower support bracket and typical bolt

Typical bracket and both tfet mesh 20 mm Bolt mesh
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Tet Mesh for bracket parts

Lower Bracket part mesh

Upper Bracket mesh
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Boundary Conditions

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

Edi
Name:
Step:
Region:
csvs:
Ou
HMu2
Ous
O urt
O ur2
Ours
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Boundary Conditions

Boundary condition fixed nodes on Boundary condition fixed nodes on
core vessel rear section weld fo 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
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Lower Nozzle Assembly Model Statistics

Model Summary Tet Mesh Model
» Tet mesh used for all parts

« Mesh refined around welds and bolt
bearing areas

e Total 2,770,170 elements

e 8 surface to surface hard frictionless
intferactions

e 22 tie constraints

HE4 Thu Sep 14 11:22:01 Eastern Daylight Time 2023
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Analysis

* 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

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Pretension bolt loads

6 bolts with preload

Preload applied on bolt cross
sections

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

« 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

al Labor:
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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
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Upper bracket stresses

20 mm bolt Mises — 400 MPa bolt
yield maximum scale

5, Misas

Mating upper bracket Mises stress
with 250 MPa yield scale maximum

+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

g, Mises

(Awg: 79%)
+3.594e+08
+2.500e+08
+2.202e+08
+2.083e+08
+1.875e+08
+1.667e+08
+1.45%e+08
+1.250e+08
+1.042e+08
+8.3360e+07
+6.253e+07

frictionless tet model full insert mass +4.170e+07

. 50 +2.087e+07
v ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 145138104

Step: pretension, prestension Max: +3.594e+08
Increment  11: Step Time = 1.000 Elem: PART-2-1.10273
P Node: 197

S11 axial stress

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
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Lower Bracket Pretension Step

Lower Bracket Mises with Bolt Mises stress — 400 MPa
Core Vessel Mises stress

400 MPa scale maximum scale

< ises < ises
(8wg: 75%; (Avg: 75%)
T sier0n asheson
fgimee be=rat
g Hiserse
13serenes bt
S srsese
e farese
e agerse
B e
b e
ez i
e oy
1o e
e B
e e a3 apies
W 177210108 Mar: 260130508 B bR g 15457
Elem: P915024295-5-1,15261 Elem: PO15026277-2-1.5041 Node: 566
Noas: 2071 o
frictionless tet model full insert] frictionless tet model full i frictionless tet model full insert mass
Y 0DB: nozzle_lower.odb  Aba ¥ ODB: nozzle_lower.odb 020HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 v OB nozzle_lower.odb  Abagus/tandard 2020.HF4  Thu Sep
:
1y 2 s proansion, restonsion PX SR pretansion,prescension
e 1L e Tme Y 1000 il et T e e 1.000
Bt & ey B e Bt ey
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
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Vertical deflections due to Pretension

Vertical Displacement Upper Vertical Displacement Lower
Bracket Bracket

U, U2 (CSY5-1)
+5.2316-05
+4.5042-05
+3.7786-05
+3.052e-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

+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

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

Primary Var: U, U2 (C5Y5-1)
Deformed Var: U Defarmatio
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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
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Step 2 — Gravity loads including Insert mass
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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
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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

Name: Load-6
Type:  Pressure
Step:  Step-1 (Static, General)
Region: Part-9-1.roller_back [

o Assume the whole mass is supported on
the two wheels without accounting for
an outer support

Distribution: i Uniform

X

« Wheel contact area estimated at 4 mm x
15 mm

e Pressure = 1830*9.8/(2*(4e-3*15e-3)
=149.5 MPa

Magnitude: ‘1‘5E+08

||

Amplitude: ‘ (Ramp)

oK’ Cancel
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Step 1 Gravity including Insert total mas

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

S, Mises
(Avg: 75%)
+7.710e+08
+2.200e+08
+2.202e+08
+2.083e+08
U, Uz (C5Y5-1) +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
Primary Var: 5, Mises

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

Small area above yield

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE



Step 1 stresses

Bolts stresses similar to

oreloading but bracket S Mises 100 MPa scale Lower support block we

peak ~ 120 MPa

\ : showing low weld stresses
vertical deflections
increased

5, Mises

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

410560404

Max: +2.3792+408

Elem: PART-6-1.211332
Node: 5111

frictionless tet model full insert mass
ODB: nozzle_lower.odb  Abaqus/Standard 2020 astern Daylight Time 2023

Step: Step-1, gravity
St

Increment 4
Primary Var: , Mises
Deformed Var: U Deformation Scale Factor: +3.00

ep Time = 1,000

fStandard 2020.HF4  Thu Sep 14 11:22:01 Easter Daylight Time 2023
Step: Step-1, gravity

Increment 1.000

Primary Var: S, Mises

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

%OAK RIDGE | HicH FLux | sPALLATION

A ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Step 1 Support Blocks

Contact pressure between lower Open Contact area on upper

support block and core vessel SUDD?FT 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 = . [~ e; 19
Node: 30 Nud\‘_-
T
—_— ~
T ~ T
-
-
—
frictionless tet model full insel S5 M B
Thu Sep 14 11:22:01 Y ODB: nozzle_lower.odb  Abagus ard 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

le Factor: +3.000e+02 Deformed War: U Defarmation Seale 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

Displacement magnitude S Mises — 250 MPa Scale

U, Magnitude 5, Misas
+:g?ge-g: (Avg: 75%)
+4.0159e +7.725e+08
+3.654e-04 +2.500e+08
+3.280e-04 +2.202e+08

+2.083e+08

+1.875e+08
+1.667e+08
+1.4582+08

+8.333e+07
+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 )
l fuil insart mass frictionless tet model full insert mass
Wb Abagqus/Standard 2020,HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 Y ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023
ZJ Step: step2
tep Time = 1.000 X Increment 1: Step Time = 1.000

Primary Var: U, Magnitude Primary War: 5, Mises
Deformed Var: U Deformation Scale Factor: +2.000e+02 Deformed War: U Defarmation Seale Factor: +1.000e+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 stresses

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

COPEN CPRESS
+1.193e-06 +8.777e+07
+1.089e-06 +1.000e+07
+9.8548-07 +9.167e+06
+8.815e-07 +8.333e+06
+7.776e-07 +7.500e+06
+6.7378-07 +6.6678+06 I
+5.689e-07 +5.833e+06
+4.6608-07 +5.000e+06 i
+3.621e-07 +4.167e+06 |
+2.582e-07 +3.333e+06
+1.5448-07 +2.500e+06 !
+3,050e-05 +1.667e+06
-5.337e-08 +8.233e+05 !
+0.000e+00
Max: +1,193e-06 f
Max: +1,193e-06 . '
Elem: $03060200-410100-5-1-1,302009 Max: +8.777e407 |
Node: 513204 PR E\e;n: 530;0502004:101007571.253795
s - ode:
| |
|
1 1
1
'
| |
| i
|
|
frictionless tet madel full insert mass - frictionless tet model full insert mass
Y 0ODB: nozzle_lower.odb  Abaqus/Standard 2020 HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023 Y ODB: nozzle_lower.odb  Abagus/Standard 2020.HF4  Thu Sep 14 11:22:01 Eastern Daylight Time 2023
‘.I Step: step2 I Step: step2
z Increment 1: Step Time = 1.000 z Increment 1: Step Time = 1.000
Primary Var: COPEN Primary War: CPRESS
Deformed War: U Deformation Scale Factor: +2.000e+02 Deformed War: U Defarmation Seale Factor: +2.000e+02

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 aft start of fies simulating threads

e Upper support bracket does not contact core vessel after
oading

 Nearly all nozzle stresses are well below yield for normal
operation

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Upper Nozzle and brackets

Section of the core vessel for the
next upper port selected,

“trimmed” and moved to align with
nozzle model

Half symmetry model of upper port

%OAK RIDGE | et FLux ’ AAAAAAAAAA

AR LG | isoTope | NEUTRON
National Laboratory | REACTOR | SOURCE




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

s
ety

HIGH FLUX | SPALLATION
NEUTRON
SOURCE

ISOTOPE

National Laboratory | REACTOR

OAK RIDGE

%




Upper nozzle Prestress step

Vertical Displacement 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%

Bolf 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 and outer parts
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




Upper Nozzle Step |

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+

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

l 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

COPEN
+2.651e-05
+2.427e-03
+2.2048-05

+1.311e-05
+1.085e-05
+3.6452-06 P
+6.4122-06 .
+4.1796-06 .
+1,3462-06 [ ~
-2.868e-07

Max: +2.651e-05 |
Elem: $02060200-410100-5-1-1.297207
MNode: S03786

i
i
|
1

upper bracket with tensile hD\& 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

CPRESS

CPRESS
+4.598e+08
+5.000e+07
+4.583e+07

+2.9172+07
+2.500e+07
+2.083e+07
+1.667e+07
+1.250e+07
+8.333e+06
+4.167e+06
+0.000e+00

Max: +4.5982+08
Elemn: 503060200-410100-5-1.24
MNode: 30

upper hracket with tensile bolt loa i
0ODB: nozzle_upper_brackets.odh  &hads

| Step: Step-1, gravity

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

Deformed Var: U Defarmation Scale Faet

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: 79%) ko

(Avg: 75%) +7.681e+08 |
+3.688e+08 +4.000=+08
+2.500e+08 +3.669=+08
+2.292e+08 " . +3.338e+08
+2.083e+08 +3.007e+08 . i
+1.875e+08 +2.676e+08 —ﬁ-“
+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 Node: 216
Mode: 2381

upper bracket with tensile bolt loads :
Y QODB: nozzle_upper_brackets.odb  Abagqus/Stan 4

5

upper bracket with tensile bolt loads 1 15:16:04 Eastern Daylight Time 2023

Y QDB: nozzle_upper_brackets.odb  Abagus/Standard

04 Eastern Daylight Time 2023

Step: step2
Step: step2 ) 7 Increment G: Step Time = 1.000 "
£ Increment 6 Step Time = 1,000 Primary War: 5, Mises @3

Primary War: 5, Mises Deformed War: U Deformation Scale Factor: +1.000e+0

Deformed Var: U Deformation Scale Factor: +1.000e

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

e Upper support bracket does not contact core vessel after
oading

 Nearly all nozzle stresses are well below yield for normal
operation

% OAK RIDGE | sy | ssor
National Laboratory

REACTOR | SOURCE
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