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Fig. 1. Schematic diagram of the geometric model of planar
SOFC with pre-crack.
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Table 1.  Material properties of SOFC electrodes
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E/GPa 1073 K 58.1 148.6 48.3

5 298 K 0.36 0.31 0.33
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Fig. 2. The comparison between the numerical result and theoretical analytical solution of stress intensity factor with the inclina-
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tion angle : (a) The infinite plate geometric model and boundary conditions; (b) stress-intensity factor contrast curve.
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Fig. 3. Numerical simulation diagram of inclined crack propagation path: (a) Geometric model and boundary conditions of a square

plate; (b) numerical simulation diagram of crack propagation.
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Table 2.  Stress intensity factor and cracking angle at the left crack tip after crack propagation.

Sy Ki/(MPa- v/m ) Ky/(MPa- v/m) 0/(°)
ATAZERPD Ak WRE/ % AIAGERP AR RBE/N AR AR RE/%

VIR 1.7394 1.7380 0.08 1.000 1.002 0.20 ~0.7528 ~0.7530 0.03

1 2.1129 2.1131 0.02 —0.6982 —0.6985 0.04 0.5442 0.5445 0.05

2 4.2294 4.2294 0 0.7843 0.7845 0.03 —0.5365 —0.5365 0

3 4.2843 4.2845 0.07 -0.6983 -0.6988 0.07 0.4596 0.4601 0.10

4 4.2254 4.2254 0 0.7370 0.7374 0.05 —0.4498 —0.4498 0

5 4.2779 4.2784 0.01 —0.5585 —0.5590 0.09 0.3123 0.3123 0

6 4.2528 4.2533 0.01 0.4764 0.4768 0.08 —0.2526 —0.2527 0.04
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X AT RES B IR R E R A LR, A

2Ly R B AR AN 43 AT 445 SR 5 STk [29,30] T
FRLER—E. FTLL, ST E A FR e R v LA T
N7 758 DR S RS R 7).

WA, el AT BT U/ PR AT 0 R St bR A A
ik, (R PRI AL, H TR AR GER R,
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Table 3. Stress intensity factor and crack angle of right end crack tip after crack propagation.
- K/ (MPa: v/ ) Kot/ (MPa- /) 6/()
’ MLAEERPT  ARSCaR BR2E/% WIAZERET O ARSCEER R2E/% WIASURET ARSCEER 3R2E/%
vtk 1.7803 1.7805 0.01 0.9857 0.9857 0 -0.7393 -0.7393 0
1 2.1168 2.1168 0 0.7279 0.7282 0.04 0.5593 0.5588 0.08
2 2.4731 2.4736 0.02 0.7963 0.7963 0 —0.5344 -0.5340 0.07
3 2.6760 2.6757 0.01 0.8094 0.8099 0.06 0.5110 0.5110 0
4 2.9802 2.9805 0.01 0.8856 0.8856 0 —0.5044 0.5048 0.08
5 3.3000 3.3000 0 0.9070 0.9073 0.03 0.4759 0.4759 0
6 3.6713 3.6709 0.01 0.9229 0.9233 0.04 0.4441 0.4435 0.13

S, max. principal

(F¥: 75%)
175.524
159.577
143.629
127.682
111.735
95.788
79.840
63.893
47.946
31.998
16.051
0.104
—15.843

S, max. principal

(F¥: 75%)
198.093
181.072
164.052
147.031
130.011
112.990
95.970
78.949
61.929
44.908
27.888
10.867
—6.153

B4 AR TTARRE

T SOFC FHM P4y Jig 5 B 0 1 2 I8 (2-T05 1 AL 1T )

Yy e

R RS

S, max. principal

(FH: 75%)
186.758
169.844
152.930
136.016
119.102
102.189
85.275
68.361
51.447
34.533
17.620
0.706
—16.208

S, max. principal

(F¥: 75%)
209.547
191.047
172.546
154.045
135.544
117.044
98.543
80.042
61.541
43.041
24.540
6.039
—12.462

(a) 923 K; (b) 973 K; (c) 1023 K; (d) 1073 K

Fig. 4. Stress nephogram of SOFC anode pre-crack propagation at different operating temperatures (Z-direction view): (a) 923 K;

(b) 973 K; (c) 1023 K; (d) 1073 K.
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fift SR Ak B N 1 B K Z9h 210 MPa, T H, fif 57 1 7
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Fig. 5. The change of the crack length and maximum crack
width with the SOFC operating temperature after anode

pre-crack propagation.
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Fig. 6. The variation of crack deflection angle after anode
pre-crack propagation with SOFC operating temperature.
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Table 4. The thermal expansion coefficient of anode in

different schemes.
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(¢) 12.50x10 6 K 1; (d) 13.00x10 6 K !

Fig. 7. Stress nephogram of SOFC anode pre-crack propagation under different thermal expansion coefficients (Z-direction view):
(a) 12.00x 107 K; (b) 12.41x10 K; (¢) 12.50x 107 K; (d) 13.00x 10 K1,
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Fig. 8. The change of crack length and the maximum crack
width with the thermal expansion coefficient of anode after

the anode pre-crack propagation.
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Fig. 9. Variation of crack deflection angle with thermal ex-
pansion coefficient of anode after anode pre-crack propaga-

tion.
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Fig. 10. Schematic diagram of pre-crack inclination angle (Z-direction Vlev&)A (a) 0°; (b) 5% (c) 15°% (d) 30°%; (e) 45°% (f) 75°.

238201-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 23 (2024) 238201

S, max. principal

(F¥: 75%)
209.547
191.047
172.546
154.045
135.544
117.044
98.543
80.042
61.541
43.041
24.540
6.039
—12.462

S, max. principal

(F¥): 75%)
209.490
191.524
173.557
155.590
137.624
119.657
101.690
83.723
65.757
47.790
29.823
11.857
—6.110

Ry Jeeiy

B e

S, max. principal S, max. principal

(F: 75%) (CFH: 75%)
209.600 209.463
191.661 191.502
173.722 173.542
155.784 155.581
137.845 137.620
119.906 119.659
101.967 101.698
84.028 83.737
66.089 65.776
48.151 47.815
30.212 29.854
12.273 11.894
—5.666 —6.067

S, max. principal S, max. principal

(F: 75%) (CFH: 75%)
245.869 246.037
223.103 222.478
200.337 198.919
177.571 175.360
154.804 151.801
132.038 128.242
109.272 104.683
86.506 81.124
63.740 57.565
40.974 34.006
18.207 10.447
—4.559 —13.112
—27.325 —36.671

B 11 OR[FETESUT R E T SOFC BRIy R BN 1 =K (Z-F AE)  (a) 0% (b) 5°% (c) 15% (d) 30°% (e) 45°% (f) 75°

Fig. 11. Stress nephogram of SOFC anode pre-crack propagation under different pre-crack inclination angles (Z-direction view):

(a) 0% (b) 5% (c) 15% (d) 30°%; (e) 45°; (f) 75°.
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Fig. 12. Variation of crack length and maximum crack
width after anode pre-crack propagation with the inclina-

tion angle of the pre-crack.
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Fig. 13. Variation of crack deflection angle with pre-crack

inclination angle after anode pre-crack propagation.
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Fig. 14. Stress nephogram of SOFC anode pre-crack propagation at different pre-crack locations (Z-direction view): (a) h, =

0.30 mm; (b) h, = 0.35 mm; (¢) b, = 0.40 mm; (d) h, = 0.45 mm.
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Fig. 15. Variation of crack length and maximum crack
width with the pre-crack position after anode pre-crack

propagation.
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Fig. 16. Variation of crack deflection angle with pre-crack

position after anode pre-crack propagation.
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Abstract

The mechanical performance of solid oxide fuel cell is one of the main factors limiting its commercialization
process. In order to reduce the degree of crack propagation in the cooling process and improve the stability and
durability of the cell, the finite element analysis is conducted on a three-dimensional model of solid oxide fuel
cell containing pre-crack. Utilizing the extended finite element method (XFEM) and fracture theory, and
considering the stress distribution, length and maximum width after crack propagation and deflection angle of
crack as criteria, this paper investigates the influence of various parameters, including working temperature,
material properties, pre-crack angle, and pre-crack location, on pre-crack propagation behavior and proposes a
solution based on material optimization and structural optimization to improve the stability of the cell. A pre-
crack is set at the left boundary of the anode to analyze the influence of different operating conditions on the
propagation of anode cracks in the cell. The correctness of finite element simulation is verified by comparing the
simulation results with theoretical results of crack stress intensity factors in the same model. From the
comprehensive analysis of the thermal stress of the cell, the crack length and maximum width after pre-crack
propagation, and the two deflection angles of crack propagation, it can be seen that within the selected
parameters, in order to ensure the stability of the cell and inhibit the degree of crack propagation, the operating
temperature of the cell should not be lower than 1023 K, and the thermal expansion coefficient of anode should
be less than 12.50x10 % K. In addition, when the pre-crack angle is 45° or 0.45 mm away from the bottom of
anode, the maximum width after crack propagation is the smallest, and the propagation path is the most
predictable. In this case, the cell is affected by the smallest crack range and the highest stability. This research
provides a guidance for suppressing crack propagation in solid oxide fuel cell, improving the lifetime and
promoting the commercialization process of fuel cell.

Keywords: solid oxide fuel cell, pre-crack, crack propagation, thermal stress
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