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Top Surface Temperature of Shield Block #1 and Outer Ring
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Outer Ring -
(Carbon Steel)

Shield Block #1

Shield Block #1 —

Outer ring is sitting on top of block #1.
The top surface of shield block #1 is
around 36.8°C .
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Shield Block Outer Ring, Carbon Steel

Area = 963822.1604 [mm?]

Q = 927.4887 (W]
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R = 0.0069 [m2 K

Area  |963822.1604mm? W
Perimeter|7688.6004mm

Bottom surfaces at 43.5°C dT = R - qfluz = 6.63988886420426 ]

Area = 963822 mm?
q" = 927.5W/0.96382m? = 962.3 W/m?

AT = R -q“=0.0069*962.3 = 6.6 °C
(Across the contact interface)

—> 36.8+6.6=43.4°C
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Material Property

Carbon steel, 1020, annealed Material Properties
From Ansys (also used for STARCCM+ CFD Analysis)
Carbon steel, AlSI 1020, annealed

Data compiled by Ansys Granta, incorporating various
sources including JAHM and MagWeb.

Density (kg/m?3) 7850
Coefficient of Thermal Expansion (1/K) 1.143E-05
Specific Heat (J/kg-K) 501.8
Thermal Conductivity (W/m-K) 54.1
Young's Modulus (MPa) 2.124E5
Poisson's Ratio 0.29
Bulk Modulus (MPa) 1.6857E5
Shear Modulus (MPa) 82326
Tensile Ultimate Strength (MPa) 393
Tensile Yield Strength (MPa) 293.5

Environment Temperature : 35°C



Shield Block Outer Ring, Heat Source
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Shield Block Outer Ring, Carbon Steel Temperature

Temperature (C)
62.0

I60.1
8.3

56.4
54.6

52.7

50.9

49.0

Y Ma7.2
x}

45.3

43.5

%OAK RIDGE

National Laboratory




Shield Block Outer Ring, Carbon Steel
Structural BCs

B: Static Structural -
Static Structural Bl
Time: 1. s

« BC-A: Point fixed in x, y and z directions
» Reference point

« BC-B: point can only move in x direction
» Fixed iny : Block rests on flat surface
» Fixed in z : symmetric, no rotation

« BC-D: Plane fixed iny
» Block rests on flat surface

« BC-C: Gravity (-y direction)

A Fixed Support_Vertex
Displacement_Vertex
[C| Standard Earth Gravit
(D] Displacement_Plane_
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B: Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s
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Shield Block Outer Ring, Von Mises Siress
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Equivalent Stress
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Thermal + Gravity

L avh

Total Deformation

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

Time: 1s

0.65567 Max
0.58282
0.50996
0.43711
0.36426
0.29141
0.21856
0.1457
0.072852

0 Min

0.00

500.00 1000.00 (mm)

X - Deformation

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

Global Coordinate System
Time: 1s

0.45777 Max
0.39405
0.33034
0.26662
0.20291
0.13919
0.075473
0.011757
-0.051959
-0.11568 Min

0.00

500.00 1000.00 (mm)

Displacement

Deformation scale = 3.6E2

Y - Deformation

B: Static Structural
Directional Deformation_Y
Type: Directional Deformation(Y Axis
Unit: mm

Global Coordinate System
Time: 1s

0.46703 Max
0.4149
0.36276
0.31063
0.25849
0.20636
0.15423
0.10209
0.049957
-0.002177 Min

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

Global Coordinate System
Time: 1s

0.34509 Max
0.30152
0.25795
0.21439
0.17082
0.12725
0.083678
0.040109
-0.0034604
-0.04703 Min

0.00 500.00 1000.00 (mm)

Z - Deformation

0.00 500.00 1000.00 (mm)

*220.00 " 750.00



Updates

1. Add thermal resistance (R = 0.0069 m? — K/W ) between the blocks.T

2. Modify the contact condition from
bounded: Gap not open, no sliding allowed
to

frictional: Gap can open, sliding allowed
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Shield Block Outer Ring, Carbon Steel Temperature

Temperature (C)
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pemal=&raviy shield Block Outer Ring, Von Mises Stress

Thermal resistance; bounded contact

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

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

Unit: MPa Unit: MPa
Time: 1s Time: 1s
219.87 Max 219.87 Max
200 200
150 150
120 120
100 100
50 50
25 25
10 10
1 1
0.0013121 Min 0.00 500.00 1000.00 (mm) 0.0013121 Min

“220.00 | 720.00

B: Static Structural B: Static Structural

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

219.87 Max 219.87 Max

200 200

150 150

120 120

100 100

50 50

25 25

10 10

1
0.0013121 Min

1
0.0013121 Min




Thermal + Gravity

Total Deformation

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

Time:1s

Max

0.82158 Max
0.73029
0.63901
0.54772
0.45643
0.36515
0.27386
0.18257
0.091287

0 Min 0.00 500.00 1000.00 (mm)

*2B0.00 | 720.00

X - Deformation

B: Static Structural
Directional Deformation_X
Type: Directional Deformation(X Axis)
Unit: mm Max
Global Coordinate System
Time: 1s

0.57728 Max
0.49281
0.40835
0.32388
0.23942
0.15495
0.070487
-0.013978
-0.098442 0.00 500.00 1000.00 (mm)

0.18291 Min =800 =00

Displqcemenf Thermal resistance; bounded contact

Y - Deformation

B: Static Structural

Directional Deformation_Y

Type: Directional Deformation(Y Axis
Unit: mm

Global Coordinate System

Time: 1s

0.58479 Max
0.51919
0.45359
0.38799
0.32239
0.2568
0.1912
0.1256

0.059999 0.00  500.00 1000.00 (mm)
-0.0056003 Min

Z - Deformation

B: Static Structural

Directional Deformation_Z

Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System

Time: 1s

0.42414 Max
0.36869
0.31324
0.25778
0.20233
0.14688
0.091429
0.035978
-0.019474 0.00 500.00 1000.00 (mm)

-0.074926 Min —
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Coefficient of Friction for Steel
https://hypertextbook.com/facts/2005/steel.shitml

Coefficients of Friction for Steel

An educational, fair use website
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Bibliographic Entry Result Standardized
(w/surrounding text) Result

Sullivan, James F. Technical Physics.USA: Materials Static Friction Kinetic Friction TR Hy
Wiley, 1988: 204. Steel on Steel 0.7 0.6 07 06
Encarta Encyclopedia 2004. Microsoft Static Friction Kinetic Friction u Y
Corporation. = 5

P Stee'(gr’;)Stee' 0.7 0.6 07 06
CRC Handbook of Physical Quantities. Boca Static Friction Kinetic Friction Hg My
Raton, FL: CRC Press, 1997: 145-156. Steel on Steel 0.74 0.57 074 057
Weber, Robert L.; Manning, Kenneth V.; White, Static Friction Kinetic Friction u U
Marsh W. College Physics-4th Edition. USA: Steel on Steel = =3
McGraw-Hill, 1965: 66 (dry) L UL 015 008
Determining the Coefficient of Friction - Surfaces Static Friction Kinetic Friction

; : ; H, Hy

Succeed in Physical Science. School for Steel on steel
Champions. (dry) 0.6 0.4 0.6 0.4

Friction coefficient of 0.7 is used for this analysis.




pemal=&raviy shield Block Outer Ring, Von Mises Stress

Thermal resistance: frictional contact

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

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

Unit: MPa Unit: MPa
Time: 1s Time: 1s
121.29 Max 121.29 Max
110 110
100 100
80 80
50 50
25 % 25
10 10
5 . I Z 5
1

1
0.0003243 Min

0.00 500.00 0.0003243 Min

1000.00 (mm)

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

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

Unit: MPa Unit: MPa
Time: 1s Time: 1s
121.29 Max 121.29 Max
110 110
100 100
80 80
50 50
28 25
10 10
5 )
1 1
0.0003243 Min 0.0003243 Min
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Thermal + Gravity

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

Time: 1s

0.80301 Max
0.71378
0.62456
0.53534
0.44611

— 0.35689

Ll 0.26767

_ 0.17845
0.089223

0 Min

B: Static Structural
Directional Deformation_X

Type: Directional Deformation(X Axis

Unit: mm
Global Coordinate System
Time: 1s

0.58042 Max
0.49413
0.40784
0.32155
0.23526
0.14897
0.062681
-0.023609
-0.1099
-0.19619 Min

Dis plq ceme n'|' Thermal resistance; frictional contact

Total Deformation

Max

0.00  500.00 1000.00 (mm)

25000 " 750.00

X - Deformation

Max

0.00 500.00 1000.00 (mm)

Y - Deformation

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

Global Coordinate System
Time: 1s

Max

0.58592 Max
0.52077

0.45562

0.39047

0.32531

0.26016

0.19501

0.12986
0.064708
-0.00044356 Min

0.00  500.00 1000.00 (mm)

*2P0.00 " 750.00

Z - Deformation

B: Static Structural

Directional Deformation_Z

Type: Directional Deformation(Z Axis
Unit: mm

Global Coordinate System

Time: 1s

0.34171 Max
0.2879
0.23408
0.18027
0.12646
0.072647
0.018835
-0.034978
-0.08879
-0.1426 Min

Iz

0.00 500.00 1000.00 (mm)
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