%OAK RIDGE

National Laboratory

Preliminary Analysis

Thomas McManamy
1/22/25

ORNL is managed by UT-Battelle, LLC for the US Department of Energy




SpaceClaim model and changes

Main changes made for Abaqus
model SpaceClaim model
* Nozzle plate and flange parts merged

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

» Lower bracket two center bolts changed
to shear pins with the same diameter
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Dual Port Nozzle Abagus Assembly

Bracket 8 assembly

fee,

Bracket 7
Bracket 6 assembly beltline

Nozzle
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C3D10 Mesh
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Beltline part with partitions added to define contact

zones and merged water manifold plates
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Nozzle

Parts all merged C3D10 Mesh
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Bracket 6 Assembly

C3DI10 Tet mesh
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te mater
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Bolts merged with body in threaded
assigne
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Bracket 7 with body and bolfs

Part with bolts merged in contact
area of heads C3D10 Mesh
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Bracket 8 Assembly

Threaded area of bolts
merged with body
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Top view

Bolt head merged
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Bolt head contact
area merged with
body




20 mm diameter shear pins used in bracket 6

parts
C3D10 mesh

Low modulus
material zone
added to both
to make weak
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urface to Surface Interactions

Bracket 6 right side to Nozzle
Bracket 6 left side to Nozzle bottom bottom

n P

Edit Interaction
L4 & Edit Interaction
Name: B6_nozzle side left MName B nozzle_side_nght
Type:  Surface-to-surface contact (Standard) e

Type  Surface-to-surface contact (Standard)
Step:  Step-4 (Static, General) Step:  Step-4 (Static, General)
| Master surface: nozzle_bottom_side_left # Master susface: Nazzle_bottom_side_right p

fl Slavesurface:  bracket_6_assy-1.side_2

P Savesuface  bracket 6 sssy-1side ]

Sliding formulation: Shiding formulation:

Surface to surface Surface te surface

Slave Adjustment ~ Surface Smoothing  Clearance  Bonding

Slave Adpustment  Susface Smocthing  Clearance  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
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Surface to Surface Interactions — bracket 6 bottom
vertical

Center bolt to nozzle Right bolt to nozzle

Left bolt to nozzle

£ Edit Interaction

Mame: B3 nozle_bottom_right

4 Edit Interaction X & Edit Interaction
Name: B6_nozle_bottom _left Name: B6_nozzle_battom_center Type  Swface 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: Neazle_bettom_right
§ Master surface: Nozzle_bottom _left i # Master surtace: Nozzle_bottom_center z P Slavesudace  bracket 6 ssey-lvertical |
P Slavesurface:  bracket_6_assy-1.vertical_3 # Slavesurface  bracket 6_assy-1vertical 2 Shding formulation:
Sliding formulation: y & Sliding formulation: 1 Surfsce to surface
Surface to surface A i . Surface to surface
02 > I
g 4 J Slave Adjustment  Sufface Smocthing  Clearance  Bonding
Slave Adjustment  Surface Smoothing  Clearance  Bonding Slave Adjusiment  Surface Smoothing  Clearance  Bonding
[
Contact interaction propenty: IntProp-1
Contact interaction property: | IntProp-1 M B Comtact Intyractien pioperty | kefrop: Qptions: Interference fit..
g Options =
Options: [Interference Fit.. plions: interference Fit... Contact controls: | (Defaul)
-
Contact controls: | (Default) M Contact controls: | (Defauh) EA Active in this step.
B Active in this stey
[ Active in this step in this step =
oK
oK Cancel
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Surface to Surface Interactions — bracket 8 top horizontal

center

£ 2 interacnize

L)

Type  Suface-to-surface contact (Standeed)
Step  Soep-4 (Static, Genersl)

£ Edit Interaction
Mama: b8 conter Hame: B8 right
Type  Sefece-to-surdace comtact (Standerd)

Stepe  Seep-d (Static, General)

Type  Suface-to-surface contact (Standard)
§ Master susface: Nozzie frone ot

Step:  Step-4 (Static. General)
§ Yavesurface  bracket 8.1 fmetd

I Mister surtace: Maste front_conter
Sk foemulation

. - # Master surface: Nozzie, frontjright
1 )
 Stavesuface  bracket 8-1front]
Shding formulation:

s
§ Sovestsce  beachel b1 honad

Surface to efece Sheting formation:

Surface bo martecn Surfsceto surface.

Shave Adjustment  Sudice Smoothing  Clearince  Bonding

Seve Acustment  fudface Smoothing  Cleeance  Banding Slave Adjustment  Surface Smocthing  Clearance  Bonding

Contact interaction propeny: tProp-1 Contact intmeaction property: neProp-1

Optons:  interference Fit_ Cptont inmatevence Ft.

Contact interaction property: IntProp-1

Option=: |Intederence Fit..
Contact cortrols: [Defaky

Contact controls: (Defact]

A Active in this step

Contact controls: (Default)
B 5 active in thin sep

4 Active in this step
oK

oK
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urface to Surface Interactions —bracket 8 top lateral

Left side to nozzle Right side to nozzle

: Edit Interaction

o Edit Interaction i :
- 1~ ~— Name: b8_sidel

MName: bE_sadel Type:  Surface-to-surface contact (Standard)

Type:  Sudace-to-surface contact (Standard)
Step:  Step-d (Static, Genesal) [§ i o . 4 ]

- / A e 1> J Master suface: Nozzle_top_right ol
£ f Slavesuface:  bracket 8-1.sidel

Step:  Step-4 (Static, General)

J Master suface: Nozzie top_left

ISII\-Hunﬁce: bracket_8-1.sidel Sliding formulation:

Sliding formulation:
iding feerr ! Surface to surface

Surface to surface

Slave Adjustment ~ Surface Smoothing Clearance Bonding

Slave Adjustment  Surface Smoothing  Clearance  Bonding

Contact interaction property: | IntProp-1

i i -1 -
Contact interaction propeity: IntProp. Options: ||nterference Fit...

Opticns: -
it Interference Fit. Contact controls: | (Default)

Contact controls:  (Default) [ Active in this step

OK

/
|
B [ Active in this step
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Surface to Surface Interactions — bracket 6 bottom

%OAK RIDGE

National Laboratory

Left side 1o nozzle

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

Step:  Step-4 (Static, General)
| Master surface: nozzle_bottom_side_left o
f Slave surface:  bracket 6 sssy-1.side 2 i

Sliding formulation:

Surface to surface

e 02

Slave Adjustment ~ Surface Smoothing Clearance Bonding

Contact interaction property: | IntProp-1 M E
1 Options: | Interference Fit...
Contact controls: | (Default) 4

[ Active in this step

HIGH FLUX | SPALLATION
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Right side to nozzle

# Edit Interaction

Name: B6_nozzle_side_right

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

fl Master surface: Nozzle_bottom _side_right p

fl Slavesurface:  bracket_6_assy-1.side_1

Sliding formulation:

Surface to surface

0.2

Slave Adjustment ~ Surface Smoothing Clearance Bonding

Contact interaction property: | IntProp-1

1 Options: |Interference Fit...

Contact controls: (Default) Y%
Active in this step

OK

lateral




Plate surface to surface intferaction

Bracket 6 upstream face to beltline  Bracket 8 bottom to beltline

# Edit Interaction

& Edit Interaction
ol i Name: b8_beltline
Type: Surface-to-surface contact (Standard)

Marne: beltiine brackett
Step:  Step-4 (Static, General)

Type:  Surfbce-to-susce contact (Standard)

Stepe  Step-4 [Static, General) § Master surface: beltline-1.beltline_top_bracket o
fof

f Slavesurface:  bracket_8-1.bracket8_beltline

I Master surface: beltline- 1 belting_bottom_bracket "
P Svesurface  bracket & assy-1Upstream face

Sliding formulation:

Sliding formulation: & Surface to surface

Surface to surface

Slave Adjustment ~ Surface Smoothing Clearance  Bonding

Sleve Adpustment  Susface Smocthing  Clearance  Bonding

Contact interaction property: | IntProp-1

Contact interaction property: | IntProp-1 i
Options: |Interference Fit...
Options:  interference Fit...

Contact controls: | [Default) [ Active in thi
: ctive in this step

8 [ sictive in this step
oK
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Plate surface to surface intferaction

Bracket 7 upstream face to bracket

6

%
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# Edit Interaction

Name: B7_B6

Type: Surface-to-surface contact (Standard)

Step:  Step-4 (Static, General)

| Master surface: bracket_6_assy-1.downstream_face w
f Slavesurface:  bracket_7-1.b7_b6_downstream o

Sliding formulation:

| Surface to surface

Slave Adjustment ~ Surface Smoothing Clearance Bonding

Contact interaction property: | IntProp-1

il Options: [Interference Fit...

Contact controls: | (Default)

Active in this step

oK

Nozzl upstream face to beltline

o Eiit ateraction

Hame: bellne_nozshe
Type  bofan-to-sufacn Contact Citindisd)
Rep Sep-d (St Genaral)

B Master surface belthne- 1 belthre_Morrle
P Savesuface OV 15-NOZZLE-4-1 Hozle_betine
Shicineg formulstion:

Suface to vurtece

Save Adpntment  Sudsce Smocthing  Clesrance  Bonding

Contact interachon property: IntProp-1
Optient: Intedenonce Fi—

Contact controli: (Default)

i ] Actroe o thes step

oK




Shear pin surface to surface interactions

Pin 1 to bracket 6 Pin 1 to beltline

e Edit Interaction

& Edit Interaction

H 1.b8 Name: pin1_S5

s pind_|
Type: Surface-to-surface contact (Standard)

Type:  Surdface-to-surface contact (Standard) St Step-4 (Static, G I}
ep: ep- ic, General

| Master surface: beltline-1.pin1_5S
f Slavesurface:  P915024295_pin2-1-2 beltline

Step:  Step-d (Static, General)
# Master surfsce: beacket_5_assy-1.7n_1 55
P Savesurface  PSISOZAZ9S_pind-1-266
Sliding formulation:

Sliding formulation:

Surface to surface

Surface to surface

Surface 5 hi Clearance  Bonding

Sleve Adustment  Suface Smocthing  Clearance  Bonding

Contact interaction property: | IntProp- Contact interaction property: | IntProp-1
Optons: Intedference Fit.. Options:  Interference Fit...
Contact controls | (Default)
A Bctive in this step

oK oK
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Shear pin surface to surface interactions

Pin 2 to beltline Pin 2 to bracket 6

# Edit Interaction

3 Edit Interaction

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

Mame: pan2_belthne
Typee  Surface-to-susface contact (Standard)
Step:  Step-4 (Static, General)

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
' Slave surface:  P91502A295_pin2-2.b6

Sliding formulation:

Surface to surface

Surface to urface

Adj t ?
Slve Adjustment  Surface Smocthing  Clearance  Bonding Slave Adjustment ~ Surface Smoothing Clearance  Bonding

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

L : =
plions:  interference Fi. Options: | Interference Fit...

oK
oK
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Bracket 6 Tie Constraints

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

% 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

()

P Stave sudsce  bracket 6 sery-lhesd 1 [ P Sevesuface  bracket 6 sssy-lhead 2 [3

Discretization method:  Analysis default = Discretization method: | Anshesis defsult

[ Exchude shell eherment thickness
Pesition Telerance

(®) Use computed default

() Specify distance:

MHote: 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 slave surface initial positicn £ Tie rotational DOFs if applicable

EA Tie rotational DOFs if applicable

HIGH FLUX | SPALLATION
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Bracket 6 Tie Constraints

Bracket 6 bolt 3 head to bracket 7 Brdcke’r 6 bolt 4 head to bracket 7

2= Edit Constraint
. .
Edit Constraint Iy
i ', : Mame= bracketT-hd
:l-umc- tuck‘l:ti‘_hB | | Type Te
ype  Tie i .
X 1 Master surface: bracket_7-1.h4
# Moster surfsce: bracket 7-103 [3 ] f g o
PR keq:& s H | | P Stevesurface:  bracket § assy-lhead 4 [3
equrface  beac _asgy- 1. hea lx | | 2
| ', Discretization method: | Analysis default
Discretization method: | Analbysis default
e O [ Exclude shell element thickness
[ Exclude shell ebernent thickness | ; T T | Pesition Telerance
Postion Tolerance - o =
oy (%) Use computed default
) - : <
S Use ::mpﬂed default - . g () Specify distance
distas ', [ o
S i | K Mote: Modes on the slave surface that are

Mote: Medes on the sleve surface that are @ . 3 considered to be outside the position
| 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 = e T [ Tie retationsl DOFs if spplicable

[ Tie rotational DOFs if applicable
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Shear pin fies to beltline for numerical stability

Lf’r pin “mush” tie to bel’rline Rg’r 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 Q 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
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Bracket 8 bolt tie constraints

Ver’ricoll 1 to belfline _7 Ver’riol Bolt 2 to beltline

# Edit Constraint -
# Edit Constraint

s Name: top_P1
Type:  Tie Name: top_P2
| Mastersurface: beltline-1top_P1 [ M Type: Tie

f Slavesurface: bracket_8-1.p1 ) l Master surface: beltline-1.top_P2 [ M

Discretization method: | Analysis default ' Slave surface:  bracket 8-1.p2 [3

[ 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
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racket 8 bolt tie constraints

Vertical Bolt 4 10 beltline

Vericol Bolt 3 to beltline

# Edit Constraint

s Name: top_P4

&= Edit Constraint
Type: Tie

' Master surface: beltline-1.top_P4 k H

Name: top_P3
fl Slavesurface: bracket 8-1.p4 (3

Type: Tie
Discretization method: | Analysis default

' Master surface: beltline-1top P3 [ M

' Slave surface:  bracket 8-1.p3 [
] 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.

o

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.

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

[[] Adijust slave surface initial position
A Tie rotational DOFs if applicable

Cancel
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Gravity and Pressure Loads

Axial pressure on flange for

1 G vertical gravity 1 bar side external pressure 1 bar axial pressure

4> Edit Load

Name: Load-1
Type:  Gravity
Step:  Step-4 (Static, General)

Region: (Whole Model) [
& Edit Load

Mame: Load-T
Type:  Pressure

Distribution: | Uniform
& Edit Load

Component 1: |0
Name  Load-6

Step:  Step-4 (Static, General)

Type  Pressure
Regior: Pressure flange

Stepe  Step-d (Static, General
Region: Pressure_noztle

Component 2: 9.3

Component 3: 0
Digtribution=  Uniform

Magnitude: BRI

Amplitude: | (Ramp)

Amplitude:  (Ramp)
Distribution:  Uniform

Magnitude [JIEEEER
Amplitude:  (Ramp)

oK

HIGH FLUX | SPALLATION
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Insert Gravity loads as pressures on pad areas

L_ef’r front pad area

= Edit Load

Mame: Lead-3

Type:  Pressure

Step: Step-2 (Static, General)
Region: CV-15-MOZZLE-4-1E2 [

Distribution: | Uniform o fix)

Magnitude: | 6.817E+06

Amplitude: | (Ramp) v F"b

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

Right front pad area

Mame: Load-2

Type:  Pressure

Step: Step-2 (Static, General)

Region: CV-15-NOZZLE-4-1.E1 [
Distribution: | Uniform I

Magnitude: | 6.817E+06

Amplitude: | (Ramp) d Pb

oK Cancel




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 Region: CV-15-MOZZLE-4-1.F1

Distribution: | Uniform Duinbution:  Pndarm

Magnitude: | JRERSI Magnitude

Amplitude: | (Ramp) U Amplitude:

Cancel

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
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Seismic .231 g side loads for insert and structure

5 Edit Load

% Edit Load
Name: Load-8
Name:  Load-9
Type:  Pressure
Type  Pressure
Step:  Step-d (Static, General) % EditLoad

Step:  Step-4 (Static, General)
Region: CV-15-NOZZLE-4-15IDE_BACK [
Region: CV-15-NOZZLE-4-1.5IDE_FRONT [y Name:  Load-10

Type  Gravity

Distribution: | Uniform Mo Distribution: | Uniform o fx
Stept  Step-4 (Static, General)

Magnitude: | 2.87E+06
Magnitude: | 1.729E+06 agniiLce i Region: (Whole Madel) [3

Amplitude: | (Ramp) M e

Amplitude: | (Ramp) M e

" & Distribution: | Uniform
Component 1: | -1.906
Component 2|0

Component 3: |-D.4576

Amplitude: | (Ramp)

Cancel

HIGH FLUX | SPALLATION
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Axial loads from .231 G seismic load in nozzle axial
direction (STEP 5)

Axial load from insert .231 g seismic
Qs pressure on upstream flange Axial load on structure from .231 g
face seismic in axial direction

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Gravity loads modified to include 0.068 G vertical seismic
oad

Structure Front insert load ( typ) Rear insert load ( typ)

5 Edit Load

Name: Load-2
5 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-15-NOZZLE-4-1.F1

Load-1
Type:  Gravity * Magnitude:
Amplitude: | (Ramp) Distribution: Uniform

Step:  Step-6 (Static, General)

Region: (Whole Model) [3 * Magnitude: |

* Medified in this step

Amplitude: | (Ramp)

Distribution: | Uniform
QK
Component 1: |0
i * Modified in this step

" Component 2: | -10.47
Component 3 | 0 oK
Amplitude: | (Ramp)

* Medified in this step

oK Cancel

HIGH FLUX | SPALLATION
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Beltline fixed

4% Edit Boundary Condition
Name:  BC-1

Type:
Step:  Initial

Symmetry/Antisymmetry/Encastre

Region: beltline-1.beltline fixed [

CsYs: (Global) [y A

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

QO YSYMM (U2 = URT = UR3 = 0)

(O ZSYMM (U3 = URT = 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)
O PINNED (U1 = U2=U3=0)

(@ ENCASTRE (U1 = U2 = U3 = UR1 = 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 [

CSYS: (Glebal) [ A
Out

Mu2

Ous

CJur1

[J uR2

CJurs

Note: The displacement value will be

maintained in subsequent steps.

oK Cancel

Flange right side
displacement

i

Name: BC-3

Type:  Displacement/Rotation
Step:  Step-4 (Static, General)
Region: flange_right side [

CSYS: Datum csys-2 [y L
Method: Specify Constraints ™
Distribution: | Uniform o fx)

Mut |0

Ouz

[Juz:

CJ UR1: radians
[J ur2: radians
[J uR3: radians
Amplitude: | (Ramp) ~ F‘b

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

OK Cancel




Analysis Step Loads and Boundary Conditions

Loads Boundary Conditions
SEILE | st 1 bar Seisimic  Seismic Selsmlc 1- Beltline 2- Flange 3 - Flange
Step 19 mass 1 g ) ) vertical : .
: : pressure side load axial load fixed bofttom side
vertical  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
é X X X X

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
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REACTOR | SOURCE




Step 1 Gravity

ment
Brimary Var: S, M
Deformed Var: U Deformation Scale Factor: +5.0008+02

In
Primary Var: U, Magnitude
Deformed Var: U Deformation Seale Factor: +5.000e+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 Insert loads added

10 MPa scale max k 324 MPa

+
Elem; Bf
[ 41

cal seismic loads added Revised seismic side loads, ind vertical seismic loads added
2020 HF4  Wed Jan 08 15:58: ODE: nozzle_DP3a.odb Al andard 2020 HF4  Wed Jan 08 15:58:17 Eastern Standard Time 2025

L Step: Step-2, gravity, Insert_load:
&: Step Ti Increment 6 Step 0
U, Magnitude - Brimary Var: s, Mises .
U " Deformation Scale Factor: +5.0008+02 Deformed Var: U Deformation Scale Factor: +5.0002+02

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 3 gravity inserts and pressure

S max 328 MPa in bracket
bolt Bracket bolt stresses

i
Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +5.0002+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 4 gravity, inserts, vacuum and seismic side load

Peak 335 MPa in bracket 6
bolts Bracket 6 bolts

ed seismic side loads, axial rtical seismic loads added

R and vertic
Revised seismic side Ioads, axial and vertical seismic loads added ODB; nozzle_DP3a.odb  Abaqus/Standard 2020HF4 Wed Jan 08 15:56:17 Eastern Standard Time 2025
ODE: nozzle_DP3a.odb  Abaqus/Standard 2020.HF4 Wed Jan 08 15:58:17 Eastern Standard Time 2025

Step; Step-4, seismic-side added
Increment 11: Step Time = 1,000

rimary Var: S, Mi
Primary Var: U, Magnitude Deformed Var: U Deformation Scale Factor: +5.
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

Brackets 6 and 8 172 MPa
S peak 326 MPa in bracket scale maximum 326 Mpa
6 bolt 10 MPa scale max

Revised seismic mic loads added
DB nozzle_DP 42020 HF4 W

Step: Step-5, axial seismic o "
Increment ' 11: Step Time = 1. t peniciozd
Primary e

1.000
, Magnitude
Defarmed Var:' U~ Deformation Scale Factor: +5.000e+02

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




National Laboratory

¥0akRinGe  Bolt high stress and refined mesh used in next subbmission

25 mm mesh around

Bracket 6 with bolts 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

*

+
+
b
b
e
+
+
e
+
+
+
+
e
b

HF4  Thulan o 44 B ndard Time F4 Thulan

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 2 Bolt stresses

Bolt cross section just downstream
Bolt peak stress Step 2 621 MPa of tie to beltline

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




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 1o surface

Stress component plots along path

[x1EQ]
T

0.10F

Stress

0.05F

1
0.000

OAK RIDGE

National Laboratory

'
0.002

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

'
0.004

L
0.006
True distance along path

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_SL1-522-Membrane
_DP_S6_5L1-522-Membrane plus Bending
_DP_56_5L1-533

—— _DP_S56_SL1-533-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:

Membrane
{Average) Stress

Membrane plus
Bending, Point 1

Membrane plus
Bending, Point 2

Peak Stress,
Point 1

Peak Stress,
Point 2

S11, S22, 533, S12, S13, 523

Max. Mid. Min.
Prin. Prin. Prin.

Mises
Stress

Tresca
Stress

4.58465e+87  2.397e+87 1.6814be+87 2.82319e+87 2.5421e+87

9.16743e+87 5.09364e+07 3.66877e+@7 5.49866e+87 |4.94273e+97

§.14987e+06

-3.06693e+86  -1.27184e+87 2.08675e+87 1.80887e+07
1.1265%=+88 3.78211e+87 2.34531e+87 8.92855e+87 8.325492+87

1.6453%e+87 8.2149%e+86 7.14416e+86 9.38965e+06 &.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

Namberof ntvals onsrss ine: | 0185 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

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 |1.543359+BB
[ 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‘ESSJ
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
Basic | Computations 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

+
+
+
+
+
-
I
-
+
+
+

HF4  ThuJan C

Peak membrane + bending
80 MPa from stress
linearization around peak

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

National Laboratory




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

« 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 arec

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 about 21
MPQ

* Design changes such as enlarging the lower bracket increasing
the distance from the lower bracket edge to the bolt centerline

sodhRuld reduce the bolt loads

OOOOOOOOOOOOO



DP5 Proposed design changes 1o reduce stresses

* Bracket é holes enlarged to 24.65 mm

] L 24 mm 3161 bolt
Diameter for shank and pins

 Shank diameter 24.4649 mm

 Bracket bottom extended 25 mm down « Radiinear head 1.2 mm

« Head diameter without
grooves — 34.8 mm
 Threads not included in model

Simulated bolt
modeled

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

F,O0AK RIDGE | igu5" ’ AAAAAAAAAA
Nat



DP4 model with

lOUS
changes to bolt and pin diameters and 25 mm extension

lar to prev

Imil

Lower bracket model s

d and contact

ine

href
area with lower bracket defined

iIne mes

Belfl

Bracket bolts use .25 mm mesh

around tie contact to beltline
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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 Q

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

Discretization method: | Analysis default |
[1 Exclude shell element thickness
Position Telerance

(®) Use computed default

() Specify distance:

MNote: Modes 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:

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 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 with beltline (typ)

4% Edit Interaction

Name: pinl_5§
Type  Surface-to-surface contact (Standard)
Step:  Initial

f Mastersurface: beltline-1.pin1 55 [}

f Slavesurface:  P91502A295_pin2-1-lin-2-1.beltline [ a
Sliding formulation: @) Finite sliding () 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 enly to remove overclosure

(O 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

Shear pin surface to surface
contact with lower bracket (typ)

2= Edit Interaction

Neme: pini_b6
Type:  Surface-to-surface contact (Standard)

Step:  Initial

JJ Mastersurface: lower bracket-1.pin1 55 [3

fI Slavesurface:  P915024295 pin2-1-lin-2-106 [} #4
Sliding formulation: @ Finite sliding O Small sliding
Discretization method: | 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 only to remove overclosure

(O Specify tolerance for adjustment zone: | 0

(O Adjust slave nodes in set:

Contact interaction property: | IntProp-1

Options:

(Default)

Cancel




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 Rf 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
HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE
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Analysis Step Loads and Boundary Condifions — same as
for DP4 model

Loads Boundary Conditions
Structure Insert 1 bar Seisimic  Seismic Selsmlc 1- Beltline 2- Flange 3 - Flange
Step 19 mass 1 g ) ) vertical : .
) . pressure side load axial load fixed bofttfom side
vertical  vertical load
] 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

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE




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 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%) (&wg: 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
ODB: nozzle_DPS.odb  Abagus/Standard 2020 HF4  Mon Jan 20 09:31:41 Eastern

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-4, seismic-side added

Increment  11: Step Time = 1,000

Primary Yar: 5, Mises

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

F4
¢ X Step: Step-4, seismic-side added
Increment  11: Step Time = 1,000
ise

Primary War: S S
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
Elem: LOWER_BRACKET-1.316|
MNode: 2941

Min: +4.588e+01
Elem: LOWER_BRACKET-1.137,
MNode: 244855

24 mm balts and pins
v 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 vertfical seismic load

S peak 466 MPa in lower bracket
Displacement bolf

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
+5.26: 5 +7.5008+06
+4,512e-05 +6:667e+06
+3.700e-05 +5.833=+06
+3.008e-05 +5.0008+06
+2.256e-05 +4.167e+08
+1.5042-05 . +3.333e+06
+7.520e-06 +2.5008+06
+0°000e+00 +1.6678+06
Max: +9.0248-05 +8.3338+05
Node: CY-15-NOZZLE-4-1.1132056 +8.193e+00
Max: +4.656e+08
Min: +0.000e+00
. _ Elemn: LOWER_BRACKET-1.316071
Node: BELTLIME-1.2 i
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 Mises bending + Membrane
peak near top surface (sl1) /7 MPa at point 1

e—— Sl INVARTANT RESULTS - - mmmm oo mmmo oo

Basic Computations
Curves ) Bending components in equation for computing
Stressliesmames dpSefisi 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
T End  LOWER BRACKET-1.701696 Membrane
Shape (Average) Stress 4.9588e+87 7.03284e+86 2.19294e0+86 4.73951e+87  4.517e+87
Model shape: @ Deformed () Undeformed
Number of intervals on stress line:| 40 %
= - Membrane plus
eport
\:tmmme Bending, Point 1 9.11285%e+87 2.16851e+87 8.50179%e+86 8.26187e+8 7.6988%+87
File name: | dp5_sb_s/Tmt

] Append to file ' Membrane plus
e ] e Bending, Point 2 9.99376e+86 -6.0522e+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 ManJan 20

Peak Stress,
Point 2 1.85583e+87 7.90255e+86 3.06074e+86 1.54976e+087 1.37325e+07

ctor: +0.000e+00

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




Step 6 Results with vertical seismic load - linearization

Vertical path sl2 172 MPa scale

4% Stress Linearization

Basic  Computations
Curves
Stress line name: | dp3_s6_sl2
[ Save XY data [] Save stress line to path
Stress Line
End point specification: @ Manual O From a path

Start LOWER_BRACKET-1.3940
End LOWER_BRACKET-1.670280

Shape
Model shape: @ Deformed () Undeformed

Number of intervals on stress line: | 40 %

Report

Wite to file
File name: | dp5_s6_sidrpt
Appendto file

oK Apply Cancel

ort +0.000e+00

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

Peak Mises membrane + bending
30 MPa

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

Max. Mid. Min. Tresca Mises

Prin. Prin. Prin. Stress Stress
Membrane

{Average) Stress 1.32668e+87 3.83488e+86 -1.1153%e+86 1.43822e+87 1.28214e+07

Membrane plus

Bending, Point 1 5.55536e+87 3.21043e+87 2.25867e+87 3.29669%9e+87 l2.938769+87

Membrane plus
Bending, Point 2 -1.65183e+87 -2.8517%e+87 -3.48373e+87 1.8319e+87 1.6117e+07

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




Step 6 Results with vertfical seismic load

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

S, Mises S, Mises
(Avg: 75%) (&wg: 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 balts and pins 24 mm bolts and pins
v ODB: nozzle_DPS.odb  AbagH andard Time 2025 v 0DB: nozzle_DPS.odb  Abaqus/Standard 2020.HF4  Man Jan 20 09:31:41 Eastern Standard Time 2025
z . X
Step: Step-6, vertical.068 g load Step: Step-6, verticall.068 g load
X Increment  11: Step Time = 1,000 7 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

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

DPS DP4

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

dard Time

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

National Laboratory




DP4 and DP5 Lower Bracket and pins vertical
displacement comparison for step3 with common
displacement scale factor of 1000

DP5 24 mm bolts/ pins and 25 mm DP4 20 mm bolts/pins
extended bracket

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE




Summary

« Model DP5 with 24 mm bolts and pins and with the bracket
extended 25 mm down showed lower pedak stresses and
significantly reduced displacements

e Stress linearization for DP5 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 bolf
loads are low ( ~ 3.52e3 N for one bolt in step 6 )

e All other locations besides the bolts had stresses will below 1.5
Sm limit of 172 MPa

% OAK RIDGE | sy | ssor
National Laboratory

REACTOR | SOURCE
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