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Internship Review
(Public Use Version)

Linh Vu — Technical Intern Fall 2022
— Manager (TF Team)

lvu4@u.rochester.edu

Commonwealth Fusion Systems


mailto:lvu4@u.rochester.edu

Overview

- A review of my remote, part-time internship in Fall 2022.

- Learning objectives
- Skills learnt from using Ansys

- Theoretical knowledge about material properties and behaviors
- FEA

« Conclusion
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3D Weld — 15t simplified model ‘\"::g

C: Transient Thermal C: Transient Thermal
Termperature 2 Temperature 205
Type: Termperature Type: Temperature
Unit: " Unit: °C
Tirme: 5.e-002 s Time: 11701 5
120162022 616 40 12/16/2022 6:19 AM

1600 Max 265.79 Max

1372 260,94

1143.9 256.08

915,91 25122

687,57 246.36

459,84 2415

231,51 236,64

37789 23178

-224.25 226,92

-452.28 Min 222.06 Min
C: Transient Thermal C: Transient Thermal
Temperature 76 Temperature 497
Type: Terperature Type: Temperature
Unit: °C Unit: °C
Time: 5051, 5 Time: 26000 s
12/16/2022 6:18 AM 12/16/2022 6:21 &AM

379.97 Max 23.341 Max

354.03 23.337

328.00 23.334

302,14 23.33

276.2 23.327

250.26 23.323

22431 23.32

19837 23.316

172.43 23,313

146.48 Min 23.309 Min
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3D Weld - 2" simplified model

A: Coupled Field Transient
Ternperature 2

Type: Temperature

Unit: °C

Time: 15

12/16/2022 6:38 AM

1600 Max
1424.7
12493
1074
898.67
723.33

548
372,67
197.33

22 Min

A: Coupled Field Transient
Temperature 24

Type: Temperature

Unit: *C

Time: 307 5

12/16/2022 6:39 A

1600 Max
1422.8
1245.5
1068.3
891.05
713.82
536.58
359,34
182.11
4.8707 Min

2/6/2023

N2
YN

A: Coupled Field Transient
Termnperature 53

Type: Temperature

Unit: *C

Tirme: 701 5

12/16/2022 6:40 AM

1600 Max
1432.2
1204.3
1096.5
028.69
760.687
503.04

425.21
257.39
89.56 Min

A: Coupled Field Transient
Ternperature 86

Type: Temperature

Unit: *C

Time: 1152 5

12/16/2022 6:41 AM

1600 Max
1437.2
1274.3
11115
413,61
785.76
622.91
460,06
297,22

134.37 Min
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Cube - Bilinear Isotropic Hardening (Uniaxial Compression on cube)

A: Static Structural
Directional Deformation ¥ 2

Type: Directional Deformation(Y Lxis)
Unit: mim

Global Coordinate Systermn
Time: 1,e-004 5
12/16/2022 6:49 AN

0 Max
E -2.2222e-6
-4,4404¢ -6

— -6.6667e-6
. -8.888%-6

-1.1111e-5
— -1.3333e-5

-1.5556e-5
I -1.7778e-5
-2e-5 Min

Step 1: From 0-2.5s: 0 to -0.5mm
(5% strain compressed)

Step 2: From 2.5-5s: -0.5mm to
Omm (5% strain unloaded)

1.Young’s modulus: 194 GPA
2.Poisson’s ratio: 0.285
3.Yield strength: 750 MPa
4.Hardening modulus: 5 GPa

2/6/2023
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Stress vs strain of Cube

start unloading

unloading

compressing

-3 -2

Strain [%]
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Cube - Perfect Plasticity with

Simple cube

Time
0
tl

t2

t3
t4

2/6/2023

293

293

1000

293
293

0

Use a vertical displacement
to achieve stress: YS(293) >
stress > YS(1000)

Hold vertical displacement
(do you see plastic strain?)

Still holding

Temp [K] Temp [C] Poisson ratio
0.27
0.270

Unload
Perfect Plasticity
Temp [K] Temp [C] Yield Strength  Ultimate Strength Tangent Modulus Young's Modulus
CFs 20 -253 1303 1763 0 6515 300
Ellectalloy 77 -196 1067 1556 0 5335 293
Interpolation 293 20 420 790 0 2100 297
Remove

1005 732
1089 816

Commonwealth Fusion Systems «
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1070
1035

1089
1270

27
20
24

816
997

0.270

0.315
0.325

N2
YN

slope
5.670E-05
interecept
0.253




Yield Strength [MPa]

Cube — Perfect Plasticity with- Z

Loading point. SY(293) > Stress > SY(1000)

450
400 (
350
300
250
200
150
100

50

Yield Strength vs Temperature

Loading stress
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100

200

300

400 500
Temperature [C]
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Temp, Stress vs Time \\\"/4
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Plastic Strain vs Temp
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Cube — BPVC Hardening curve (Non-Plasticity) with- ‘\w:g
\

R e | B | e Xy | 5= 201107 e =000y e | 4= e = T
Temp Temp [C] Yield Strength Ultimate True UTS Step 0.85 Yield -» R K: material s Ep Eys i Ar Az
(K] [MPa] Strength [MPa] [MPa] True UTS [MPa] parameter
293 20 420 790 1122.48 38.27 0.532 0.369 0.351 0.00002 0.002 0.1376 990.12 1621.00
24 414 739" 1027.76 33.79 0.380 0.00002 1481.75
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Cube — BPVC Hardening curve (Non-Plasticity) with-

Temp Stress sigma_t

[C] [MPa]
20 357"
20 395,27

2/6/2023

-2.92
-2.36

E1

6.05E-04
1.27E-03

Ez

1.35E-02
1.80E-02

gammal

6.03E-04
1.26E-03
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gammaz2

3.88E-05
1.58E-04

Ep: plastic
strain

7.76E-05
8.50E-04




Cube — BPVC Hardening curve (Non-Plasticity) with

Plastic stress-strain at 20C

1200.00
1000.00
800.00
600.00
Plastic stress-strain at 816C

400.00 600.00
200.00

500.00
0.00

0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.450 400.00

—@— TStress 20C [MPa] —@— Engineering stress 20C [MPa]
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200.00

100.00

0.00
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Cube — BPVC Hardening curve (Non-Plasticity) with-
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100

Stress, Temp vs Time

200

—@— Temp [°C]

300
Time [s]

—@— VStress [MPa]

400 500
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Plastic Strain vs Time
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Cube — BPVC Hardening curve (Non-Plasticity) wit

VStress vs PStrain
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2D Weld —- Mockup model- Sz
2\

1mm thickness
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2D Weld - Mockup model

A: Coupled Field Transient
Temperature 215
Type: Temperature

A: Coupled Field Transient
Temperature 111
Type: Temperature

A: Coupled Field Transient
Temperature 3

Type: Temperature Unit: *C Unit: °C
Unit: °C Time: 64.01 5 Time: 130,02 5
Tirne: 2 5 12/16/2022 7:45 AM 12/16/2022 7:47 &M
12/16/2022 7:41 AM 1371.6 Max 1371.4 Max
1300 1300
1371.7 Max 11403 11403
1300 ' 930.5
980.5 :
11403 820,75 820.75
230.5 661 661
820,75 501,25 501.25
o s o
501.25 181,75 '
3415 22 Min 22
181.75 2
22

A: Coupled Field Transient

A: Coupled Field Transient
Ternperature 282

A: Coupled Field Transient
Temperature 151

Ternperature 43 "
Type: Temperature Type:_Temperature Eﬁ:._‘l(’v:emperature
Unit: °C .Il'l.lmte gﬁ 035 5 Time: 162.01 5
Time: 32,15 12{15{2[522 746 AM 12/16/2022 7:48 &M
12/16/2022 7:44 &AM ’
1370 Max

1371.7 Max :33;;6 Max 1300

1300 1140.3

5 =

980.5 820.75 661

820,75 661 501.25

661 501.25 3415

501.25 2415 181.75

5 1681.75

22

181.75
22

22.001
22

2 4 6
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2D Weld —- Mockup model-

A: Coupled Field Transient
Equivalent Plastic Strain 57
Type: Equivalent Plastic Strain -
Unit: mm/frmm
Tire: 33.01 5
12/16/2022 7:55 &AM

A: Coupled Field Transient
Equivalent Plastic Strain 3
Type: Equivalent Plastic Strain -
Unit: mm/fmm
Time: 25
12/16/2022 7:53 AM

0.012634 Max 0.024045 Max
0.01123 0.021373
0.0098264 0.018702
0.0084227 0.01603
0.0070189 0.013358
0.0056151 0.010687
0.0042113 0.008013

0.0053433
0.0028076 P
0.0014038 :

0 Min 0 Min

A: Coupled Field Transient
Equivalent Plastic Strain 160
Type: Equivalent Plastic Strain
Unit: mm/mm
Time: 97.01 5
12/16/2022 7:56 AM

0.026837 Max
0.023855
0.020874
0.017892
0.01491
0.011928
0.008%458
0.0059639
0.0029819

0 Min

2/6/2023

A: Coupled Field Transient
Equivalent Plastic Strain 123
Type: Equivalent Plastic Strain
Unit: ram/mm
Tirne: 65,058 5
12/16/2022 7:55 AM

0.026458 Max
0.023519
0.020579
0.017639
0.014699
0.011759
0.0088195
0.0058796
0.0029398

0 Min

A: Coupled Field Transient
Equivalent Plastic Strain 226
Type: Equivalent Plastic Strai
Unit: mm/mm
Tirne: 131.01 5
12/16/2022 7:56 &AM

0.027476 Max
0.024423
0.02137
0.018317
0.015264
0.012212
0.0091587
0.0061058
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A: Coupled Field Transient
Equivalent Plastic Strain 284
Type: Equivalent Plastic Strai
Unit: mm/fmm
Tirme: 163.01 5
12/16/2022 7:57 AM

0.02759 Max
0.024524
0.021459
0.018393
0.015328
0.012262
0.0091965
0.006131
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\{//
2D Weld - Mockup model = =z
7))\
Getting started with Ansys —) Element Birth & Death
Coupled field transient Multiple layers of convection,
(Fully-coupled thermal- — Spurious Oscillations due to small At~ PEAp2
mechanical analysis) time increments T o6k
Static structural analysis, | Temperature dependent material properties,
Bilinear Isotropic Hardening Perfect Plasticity vs Non-Plasticity Hardening curve
Radiation

(Sheet body, Coupled-field Transient)

2/6/2023 Commonwealth Fusion Systems « Confidential and Proprietary « Not for Distribution 16



Yy
Conclusion AN

- My personal thoughts
- Learning opportunities
- Time contribution
* Interest

- My next steps
- Developing interests

my manager
TF Team

— my buddy
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