ETHERMUHNBEERS AR BB R RO
BT DD SHEE DT ME VD xR DD A g DY)
1) (bR fias s iisebe, KR 030051)

2) CLPEE BN AT & TR TG, FdbRss, KR 030051)

3) CHRPRIFESE B ah A MR T A 5 03 35 4 H i sie =, Hhdb K2, KJE 030051
W E

S A E AL BREL L (SOFC) HISE KT 5EME, AWFFREESL T
& BT RE 2 AR 59580 SOFC A MR eAAS, [F]I) K i SCik i
SR, T LU A (RIS VA ) F5 1R H it 7 2 1tk Re AN ST R AT 9, I
GG ME PN RS0 GV VP AT H A o - FH AR S T TR AU e 5 RE B R TR
P BT G DN 22 € T A U2 (TR NS AN B ! LI E G
B E 2 72 J LRI REAR XIS N R R B FHAR D e J= Xt i UM I E
NI BEARAE 99 TP AR, (RRT RIS M s . IR AL 1) ey 1 . ) 4
. ST ER, WA SOFC BEMSHRIEIE K, S kTN 5
BT, Ry RAKTEZEERN, BG5S A SR8 X I8
RifBEd . ARSI SOFC Mgttt sit32fit 17— & M BR IR

KHIE: BEAREACERR I, S, HIRThREE, RO R
PACS: 82.47.Ed, 81.40.Jj, 62.20.mt
& EFARBFIES GHES: 12102399,12202407) Al 7545 SEREHE 7). @bk
51 202403021221111, 202503021211122) %t Bl 5.
H [F) 55 DTRE
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1 5 8§

b6 O T Vit e RCRE YR R SR AW T, AR S MR R (Solid Oxide
Fuel Cell, SOFC) 1EN—Mmia 4 B A Re iR Fe #pe B 52 212 KiF . SOFC 7] H
B IRBLI A 2 Re e R, Ll KL IR a0k 70 %, e AR B HLUK A5
S REIR AR 22—, {H SOFC £ 600~1000 °C s LAERR It ok T

ERRFR AN T, mIRE S A B o B F il RSO F S 8L T 2, R SR

Y

AR, [KItE, %) SOFC G54 I FEVE FIRIE 78 A 12 S B DR AP
AT MR SOFC MM /7, $RaELas T aErt, BFF N M 7 24
ST R —J M, BN GBS AT Z B S AR R S A, BRI
) T K S D I 288 2 70 AT - Xie SFUONGBAMR DIREZ  (Anode Functional Layer,
AFL) R NHETZ, SEMEER NiO ARBUS SR ASH BB R Boda i, M
MM/ SOFC MIHVRECR 7). Xue SV B AN A 1) PHAR 2H 53 43 A1 o0 08 78 T g
56 P SE R T FEL LIS 340 A BRI, H P 2K R 8040 St ARG D 0 e A %7 77152
K5, Wang SN AR M L2 Fh o5 2B SR8 10 1 Th RE B B S 1T X geAst
NZZNF, Hh & 7R SR, AW 7 R IR A T
Oy RAT . Yan S5USIR ] = 4EHUE = @R @A ZFLBR % SOFC Hif,
TR BIARRURL HERR L el S ma Al o7 S N R BEAT AR T, 4 SRR W B P FLI 25
I RERE O SRR PR R, R P AL DR v [ e a2 7%« Anandakumar
SGUUNLE T A AFL ) SOFC 5518 SOFC 7E 800 °C FM Ji5rAi, 4%
KA AFL 1) SOFC ey 2 MR BH B i) e K E Ry, K A8 FH
I3, BRI GRS NS ORI AE R, BaE Rt A R A, O
& SOFC HyRL~A1ERE . Konno SFIPIEFHI S HE SOFC AR B SUIR FLAR 5
2, RUESE I Y = ARG AR, T B 7 iEAad i Sr AR ARG, WA Th 32
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JERHEC PR AR B 59 %o Xie ZEUOVRIFHRIES ) RAEBK SO SOFC FtH R,
JEEET R IR EHE S T AR R B A A T RO . DTSl R, ST NS
THI RE A 7 A0 e AR 5 B AR 2 TR (¥ ST 45 6 9, JF B IHSRE 58U &5
YA . Xing ZVER B A (Digital Light Processing, DLP) =4
FTENH ARSI 4 T E SCHE MW SO HAR IR, JE4 %R SOFC H s EAT PERR IR .
WEFE A AR, WS R o 25 K FE EAS G- AR S5 1) Re g W35 4R T i it e e, A
800 °C NI FEEHE R 32 %o Liu SIS T —HFofi A% SOFC 45#, JIf
W I G AL G P AR B AT T X BRI . S5 SRR, SR 45 R Al % i e it A 350
eGSR A, £ 0.6 V IAFE N g KIREEILT] 4497.8 W/m?, LT
WA HIIE 8.6 %o ZiE LIk, ThEEHHEE M A woit IR g /e — e b
B SOFC HyFAHUAE RE B FE AL 2 1 RE

SR, AR 2 AR b T S — U SO I A5 0] LA 5 P R AR R B i
/DRI 5 8 AFL S5O MR AR . R, CA B SUh
ik 2 R BB, SO LS E RS A AN BN IR, & AE
— AR PR T I SRR L RN R . A SCTE R B SRR b
BE—DTT, WIWLUUTE AFL SR EC R (5 m U, Ik Sk
1T BT
2 EEIRAEAY
2.1 FARIIHEAY

SOFC 7Eil# BRI R rh 5 B4 il el . AR A H S SRR 7
HTREM . BAETT. Bk Se AFL ZJA R FBZIK I RE AN S5 I REAFAE 22 57, 24
T EH iR A B R IR AT, SRR A A A B (R R IR R R
FEAE BRI N 7 o TERAGRPE S AT o, SUNAR T 43 D i AR 5 AN AR
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A, B0l
e=&+&" (1)
X T A ST R 2N AR IC ), A Oy 3 AR B N AR R B N . 1%
RARHEE RO T SOFC N F17H IRT @A . o F % ] [ P LR st A R
IR AR BT 5| R I P AR T R A
e"=a(T)(T-T,)1 )
Hob, o) AR RS, T SRR, T, WS HREREN R, X
sk, 12K, MR ZER R BRI R B KET, AR B
AATGAMARRIY K. T, FHUE I H 5 R R & a8 RO A 6
RN R LA OC R, TR IR AT 1 F R 9 5 7 3 B ] o 0]
o=D(T)(z-£") (3)
He, o NRATKE, DT) NMEERIEER . 5EF % mREM R, W
MR s MR E(T) ANARAEE w(T) P, WEFURW], SOFC % ZH it BH £
T AR B b A R R A EU ) EL AT B S T P M s 45 3K ol (4
] g2 S UM ) T ok ELPY
9 5 B LU B AR T (R T AL P R — 4k e AR RGBT .
EMPFEREERL R AR s, MRRNAR T, BRI
o=E(s-¢")=-EaAT (4)
Horr, AT IR E . FELRGEAT—E R, B PEREOC . IR R B0
T ZEBROR, T A R HRONE B 3
22 RAY R
fE SOFC Z)Z245kyrh, HAR-Fo MR G 2 HORBCR )4 P U X 3, 7t
THI Mt J2 AN L S0 o 8 5 7T A0 9 v OB A28 A PR MG A D 2R 1] o 0 T3 S8 S T
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RO, ERRLA A A (Virtual Crack Closure Technique, VCCT) &7 {E £k
VTR ) A b, & A T RGO e Y R AU L.

Wl 1 R NREY AR REE, HhE 1) MRS R, REKE
N a, RECREmAET BN Fe AVERTT Fys 1(b) NREUG R ERATY
Je —MNUNKTE da JEHPRA, BRI EIE KN a+ Aa. VCCT HEEAR
oy, ROhE 1) §RIIE 1(b) Fresaes, 5 THE 1(b) FoBi AR
R HEF RS R 1) IREPTFHZERSN ) X 48 ), From
LURE AT (Mode ) AV FF RS (Mode 1T) PIFH AR 5 =4 i 1,

7% RE ST A (Mode T AL, RSN T B 1T B RERRECR 1] RoR

3,
G, = ! F Av
" 2BAa ®)
1
G, = F Au 6
I 2BAa x ( )

Hrh, By RGN RIS RBNER T, Fe AR AT Av A du 535 958
RS, BrRSUE BY f B A R AR AL AR AP AN 282 s da ARG

Je G &, B MRERE, T C4ERR, %A B=1.

(a) / (b)
1




K 1 Ray REEREE (a) 289 R (b) R EE
Fig.1. Schematic of the crack propagation process: (a) before crack propagation;

(b) after crack propagation

Krueger f5H, £V [ /75110 N SRR o, WA BERE TR A< A2 12

GT = G1 + G11 + G111 (7
Y OUTR, WHEA:
Gy =0 (8)

YT YR IR AU, RS AASHEN 2 Benzeggagh-—Kenane (BK)

HEN . ZEN W] Benzeggagh 1 Kenane #2i, F Tk VI RAEHEES TR

T FA) e S T 228 RE BE A AS B AR B A . L — 4T 5 Cm] 15 4 100,
G n
Gc = GIC + (GIIC - GIC)[G +”G j (9)

Hrr, G, HREGHE TGRSR RRRCE, n AMEILE S LR
SAEEFEBR (Energy Release Rate, ERR) Jiffi 2
G, =G,+G,>G, (10)

i, RICAFRTRSCREY .
3 SOFC Z5tiERl
3.1 JUfr/ A Al

Kl 2 Fos U H T SOFC JysaPERerEl, TR L R S AE Bl o
o AROREREZ AU T T LT 548, DU 28 E i AR i F AR IR B 2 808
B, HiLAFM NSRS AMTE x TP A%, RN Q0L Nl y 7
Al AL RS, BEADL AR FRRRSE IR 1400 °C PRIRE =R 25 °C, LAVPAGAS R S5 %
FLI ) 2 P R R 5

FEARSLHI M, WIAR-FACE SOFC BARLUNFAMN S #%M SOFC , HifHK.
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B . BHARALA, HJEE58 0.8 mm, 0.1 mm A1 0.4 mmP%?7, 41 2 (a)
Fir. B 2 (c) iR NIEE SOFC MIZknaEl, OOk B i P e
NWBON, WEARIEATIESH 4 , UMETEEMFMESSH L, BAE
DRAUE BH AR AN S0~ 25 J5 BEANAR (RT3 AR SL T 42 TR AVC G HL R R 8.
2(b) 5K 2(d) Aisr NFA AFL ) SOFC M4t~z k. AFL 17

JEEEA 5N 0.65 mm A1 0.15 mmo.

(a))’ 6mm (b)}' 6mm
Cathode (LSM) 0.4mm Cathode (LSM) 0.4mm
Electrolyte (YSZ) 0. lmm Electrolyte (YSZ) 0. Imm
AFL (NiO-YSZ) 0.15mm
Anode (NIO-YSZ) 0.8mm Anode (NiO-YSZ) 0,650
O X X
(c) y 6mm (d)), 6mm
Cathode (LSM) Cathode (LSM)
0.4mm
B AN Y A 7::0.1111111/\/\/\
0.Imm{ | 0.1lmm
Electrolyte (YSZ) 0.15mm
Electrolyte (YSZ) AFL (NiO-YSZ)
Anode (NIO-YSZ) 8. B
Anode (NIO-YSZ)

O x O X

2 SOFC JUm4itniZE (a) PR SOFC; (b) 747 AFL [ P
SOFC ;(c) & SOFC; (d) A AFL KB SOFC
Fig.2. Schematic diagrams of SOFC geometries (a) planar SOFC; (b) planar SOFC
with AFL; (c) corrugated SOFC;(d) corrugated SOFC with AFL.
3.2 HFRoH
SOFC 1 [FIH 5 FAR B A4 RE 3 il e FHAR R ¥ 80 (LSM) AN ML RO AR 2 AL
(YSZ). BARAELRHIE R AT NiO-YSZ E-&4kL, Hrh NiO WA H0N
80 %11, AFL t1 NiO Al YSZ %W Kl HMEEIEh Nio 5

YSZ WM BRI ZHUIL BRI Bt g « FEASCH, AFL AR E PR 5 i i
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AT RHR R R R . FERER Y, Fra R s A FVER R
® 1Al T SOFC FHBMEHEEIR . T/RRE TR EEMESE, B

SRR R VAR L AR R B HAPRMEREAE ST e iR L [X 18] A Bl IR P AR L 2 46

A A [30-32]
# 1 SOFC %4 Sm Rkl 3032
Table 1. Material properties of the constituent materials of SOFC.
MR M R (°C) NiO-YSZ AFL YSZ LSM
20 72.6 134.45 196.3 68.71
AR (GPa)
800 55 101.8 148.6 52.01
20 0.36 0.33 0.31 0.33
AT
800 0.36 0.33 0.31 0.33
20 12.41 11.205 10 9.8
HIIK REL (100 °C)
800 12.6 11.55 10.5 11.8

APRAE TSGR, A SCR A 41 TSR B o 0 A HEAT A% RI 4, T8
B3 DU AR W A SR I0. CPEAL. 5 iR B MU 2 SR /N, HON #7946
HHOR ST 2R S0 AR O RBURR X A, A X 1) 70 I o) R AR ot [X ek AT S N s, BT
JOFEL 0.02 mm, HARXIEHITRTE 0.04 mm, S8R 52500 %K1 77
T RE S B L ML S B2 I« 2R AR i Ja i LA ST R o AR SR BEAN A A
TE 45 ) RS TR FE A [5] O R 2o SR D0 HEAT 1) 53, - ALRAIEAS [RS8 &8 SR B T L
4 R 5118
4.1 FEYEGAIE

NIAEA SCH BRITIETAE VR IE T AR N ) 0 M b B AERPE, 168X Yakabe 55
(33183 BF1 A3 S 4% 1A I Sl A AR R T Dy e B 081 o 122 55091 SR PR B I 5 e e
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SUZ G5, R FR BHAR B2 43 04 0.03 mm A1 2 mm, FEAEE B ZE M RIE
1400 °CEAFAHEZI0, BRAR I B K RBUR LI . Yakabe Z5RH A
B X BTERATHING, =R T EEI TR RRIIA 670 MPa R J] . IEAF,
Yakabe %54 PRICAE KM, i PR il BT IR B A I8 0 78 38 43 DX 3 P 43
1iF 640 ~ 700 MPa, BUIL A M 655 MPa #4750 k. BB IS IEMAL 5 13k SOk
HH ) JUART RS R AT S5 AP AR ), 0 AT BB AL, S0 A 15 2 1 Hh i B Bk
RIEN )Y 650.6 MPa, JAHXS T SCERBE AR SEIGE 670 MPa FAHXS iR 2 9
2.90 %, HEGSCHERTELE R RZEN 0.67 %. FIRGERFH, KCEHIH
PR CAR AL et B HE Rt S Bk SOFC VR BC AR N A1) 70 A, W T a8 5 i B
FRBA AT N -
R 2 HARIRAR L) AR B

Table 2. Comparison of residual stress results in the electrolyte.

I IF AR SO gk HLI33] i FL45 33
WR 42N J1/MPa 650.6 670 655
X7 2 — 2.90 % 0.67 %

4.2 FHHZEHNT SOFC J1tERERIRA M
4.2.1 AN[E) FEHIZE R IR IR R ) 23 A

Bl 3 4ath PRI, A AFL PR S LLCH AFL B S
PUAPAS R SR Z5 A 1) SOFC BEAYEH 1400 °C A HI%E 25 °C KPR F R
Gy B o SRR 32 7 Sy T DX SR SRR 1 B AR, R LR B SR
Kb I R 7 4R PR JBE SV HE RSO A B BB A SO v, AL B AL T Mi~Ma
RIS B HLR R A M 205 o DA R (1) =3 2 5 2 ) X 3 38) 4 b 23 A 1 LA T 32
T, AZA B NS AESE SRR R, RALHE Sy RN S KX . &
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XL 3(a) S5 3(c) AIRIL, PRI S5 7 AT - B AR S T A HH L S Y
BRI, e N DX 32 A T R AR A I 2 S BR AR B AR T X, B
HESHPIRE N AIX, B KA SN 522,72 MPa. 3XFh B 43 A7 REAE 2 B 1
AR SR THIFE R AT T ME LU OB TR 7T, 5 RO ST A 55 X deke AR LE
Z R, BB SOFC My R J3 43 A SEANESH,  By D 3 B4R o T BH AR
b S T U AR R B AR bR T A, BEAA R KT RS BRI, HR KRR A
463.01 MPa, BOVARBFE T 11.4 %. BEVRN IR SR SIS, B
e b LTI IE N ) A IEAR, BRI 7y, P b ST IE R I A S, BIER ). 1X5R
HH 9 ST U RS AR 5IN T 84 AR T AL, 7 200 BT B B K 2k i
SRR S

KT AFL BJREZEIEN, W 3(b) s, “FAREAESIN AFL J5, FtmX
BRI 490.83 MPa, FERT 6.1 %, HNiEit A 5. AFL
TN I BONESER R B X, 3REA AFL 5 BT 22 R AR /e i 5 1 v
A% 3, AN IR/ P A T ) #4352 ANULIE . TIAE ] 3(d) BIat e, 5l
AFL J5 5 KR B S BEAR, 0 5 3 78 2 TR IR I g B AR A9 BE P4, BT 2
I SE I S IR D) A3 AR o
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(a) S.Max.In-Plane Principal

< ommENN P
] “pEpREREEIEsas

BRIAaekarky
>

S.Max.In-Plane Principal

490.83
447.85
404.87

‘.,___NNE
|
VI i

S.Max.In-Plane Principal

(b)
(c)
(d)

.__Nww

I"‘&;a;éaan::
BEBe=ShEs Ry

>

S.Max.In-Plane Principal

460.33

<SR=aSRBURKSE
f?ggn;mwuquﬁ
I ko=
CRNSREh22EER

]

3 AFESFHIES T SOFC K P KREN )= E (a) PR SOFC ;(b) 7
H AFL [°FHRZ SOFC ; (c) #48H SOFC ;(d) #if AFL B8 SOFC
Fig.3. Contour plots of in-plane maximum principal stress of SOFC with different
interfacial morphologies (a) planar SOFC; (b) planar SOFC with AFL;
(c) corrugated SOFC; (d) corrugated SOFC with AFL.
N T k200 DU RS 1) N ) A0 AT R AE AT 8 B P, AR ST LR T T 3%
AR 7 M AE, HER AR L4 Firos o DU SR BRAR 0 B KB B BAE =0

Rb: SERREL R ORI S 434.35 MPa; I\ AFL J5i%{E[% % 407.31 MPa,
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BRI T 6.22 %. SR I KRN S8 335.95 MPa, BT TAR T T BE 22.65 %
TEBSI R 5l N AFL B, SRHN 10N 334.09 MPa, 55 0E 3 i SCRAE f%
%o XL -IRTEA T A, PR AR W x 77 kNI T 0, 78 x=2
mm J55HH AFL [FPARBUIEA —5 WRSUR B AR /) 2 A AL, 7R3
WEAb R I AHIN ST, BHERAL LR K BT TEBAR AR R 7, dhZ
MARBIMRA . H5| N AFL J5, WIS AN IR ES AT TR, LL x=3
mm AEREIEAE], B 57.73 MPa K% 37.18 MPa, [ZfKT 35.6 %: LA x=4
mm AR AE], B 85.55 MPa [E{KE 67.60 MPa, [#(K T 21.0 %.

SEAR Y SOFC ) 511 B /) 3 2 B ~F B LI AR A4 R BB S8 A8 45 f,  AFL
(1 F 32 BRI B AR S B KN 7o SRS SOFC (187 4 v B %2 52 %
R AR AL R 38 il 26 AL RE IR, AFL (¥4 F 2 BRI el ) e 5508 45 Ak i B
RiAje BRI, AFL 75/ 4R v AR S A o — B0, 3892 FIBH AR/ e o 7t
T AR R SR IT,  H 22 S AR BLAE AN TR ST LT 2R (82 5 e AN [

450F —=— Planar SOFC

400 1 —— Planar SOFC with AFL
350 F - —— Corrugated SOFC

LT e —— Corrugated SOFC with AFL

337

£ 0] o -
200F | s
150 F 334
100} Y 0.0 0.1
50} |
OF 4
—50F
—100 e - . s . . !
0.0 1.0 2.0 30 4.0 5.0 6.0
Path length along the x-axis (mm)

Stress (MPa)

4 /N [F) S S5 AL FLA T R AR x B 1) ) AR 7 1

Fig.4. Stress profiles along the x-axis on the lower surface of electrolytes with
12



different interfacial structures.
4.2.2 ANFIFEEH T IR RE G I

BT 42,10 ATAL AR, AN R YR RN S,
HAMAGR T 1KV e, ER S ERE . R, e YRR R 1 i gt R
FEMIA LG NDLTRE, KEH 0.2 mm,  HABRBE I H)%- AR 53 S T 7E 74 H) i 7
T ELORET RUFIOR RS, A RET™ 4.

VORI R G FE S R AN 5 o, [ IR RIS RN 0 I, For
KA TREY e BRHRHCREZEY 1 I, TR AR TR
AR RO RN 3.29 mm, M AFL ZJ5, R4y RKE) 5.00 mm,
L S w T R LT BR « IXRWIAETFARAEL SOFC WA AFL 54| TR
RIRERS, S 5 1R ALY FEMRFSEE (R EUSON IR IC N AR BE ) 3 ZORE TR
o WA ZRAY RAREDY 2,11 mm, BEPFRBIRAY KR T 359 %,
YL IABSCF I LTS RAT 28 SAE 1 B 3 A%, IS U 3 BUR ALY e R K
AT IS T RRN B, AR 2 A0 RS . N AFL & BIEL
MRy KR 228 mm, {UEINT 0.17 mm, X2 9SO LA R
HOA T NS SRR T RIMEESIN AFL J&, REURER N /15 H
Vi BTN, AITHIES T AFL S RIREE I #E RN, R AT K JE

BUNIESE N -
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(a) Bond state

seesosososon~
SG-—N&:L')!MG‘\‘-IU@S
BANENCSEAN N
=)

—_
=y
~
ve)
=)
=
o
5
-
oo
—
(¢’]

SO08000 00 SEM
Sgmhlkkiningakes

~hlw N

BN

POPOES
23=hks
FANEN

—

SHANWUNSB AN
|
1
J

—_—

ate

C

(d) Bond s

32

popepooessos=
So=NwaiAMNAIRD

0 .00 311238 329 4.00 00 6.00
Path length along the x-axis(mm)

K 5 R N RERS N IL: () FARA SOFC ; (b) 77 AFL [ Pk AY
SOFC ; (¢) 4R SOFC ;(d) #A AFL M4 SOFC
Fig.5. Crack propagation results along the lower surface of the electrolyte
(a)planar SOFC; (b) planar SOFC with AFL; (c) corrugated SOFC;
(d) corrugated SOFC with AFL.

4.2.3 AN[A) FHEIZE AN LB A e R IRR

N — R A F GG T SRS AT NI I ENEE, AR
ALY RK A, 5] BERR fE Ry R, BT VCCT , X5t
A ) ERR BEAT X LU B, DAt — B i WP AR Y 5808 SOFC BA K

AFL X3RO0y AT NI . Tt m b= 2 1 MRGGHE, AibHEA R
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Fl VCCT A3 EURIGHIREERICR G0 JET A0 AMIBEACY,  FHA- s A
MG REEBELIN Ge=10Im?, {ERRGY RAPE, 4 G, Bk e
BRBCE Ge ARSI LIRS it . ERR YEN, FHRIUT LY e,
fERMALY e T, HYUA M ERR BERAY EimkES . B 6 4
7 PYR R RS R A5 R ERR AT fE O PR RSN O T a6 d i,
ERR JREHRTFE P £, FH/5FHRA SOFC ) ERR £ PQ [A°F4% I JHbE J5 Fa
5T WA SOFC () ERR WL FFRRHE S M JEilidim, 25 2is0 L
SRR &Y, I AFL K87 SOFC K] ERR £ PQ [AIXREMEY
Hag, BikkE, FHRA SOFC K9 ERR LN T2, HIESE5aes 2l
FILURIR NS, L ERR BARME T PARE M. BIN AFL J5,
FRRZER ) ERR H &, AFL M58 7 FUii R M8 Mg s, [ER808 ik

RGN BNV AR BER B EETE, Bt P REt T ERR MRS
16

—s=— Planar SOFC

—e— Planar SOFC with AFL
—+— Corrugated SOFC

—+— Corrugated SOFC with AFL
Q3

— [ —
) [\ EES
1

Energy release rate G (J/m?)

(== R S =A<

-
b

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Path length along the x-axis (mm)

6 AFFHEEA SOFC [MHUFER FREHT x 57K ERR &

Fig.6. ERR profiles along the x-axis on the lower surface of the electrolyte in SOFCs

with different interfacial morphologies.
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4.3 LM SOFC SIS SHAL i

Nt — DR S LREZSXT SOFC 115247 N M REY R RIS, A
RBP4 ST 5 R e SO L o BT AL b, 51 NS TR S K S H i 7T
A SR 1) R ST, € B M F I E DORE A A X N A7 73 AR ik I 2R L
I AT NI SZ AL o

WA R AR SZ YR AL, KB RIB Ay

y:—Acos(z—Zx) (11)

Hdv, A4 AWLEREE, A NS K. AR KA R R T, A
EER K A=2 mm, T SAREHITSE M. WE 7 B Nk BdER
SRR A=0. A4=0.0625. A=0.125 . A=0.1875 mm VUFh T3, 4 A=0 A,

X RPN A5, H AR DU ARRA RIS R L R B ST

—_
g 03} —— A=0

& o2} —=— A=0.0625

s 01f i

2 0.0

= 0.1f

E _02 | 1 | x | 1 2

< 0 1 2 3 4 5 6

Path length along the x-axis (mm)
7 AEIRIE RS T
Fig.7. Corrugated interfaces with different amplitudes.
4.3.1 NRAIZHEPWEOE SOFC [ )53 Aii
FET BB UM BB, @ESIARR AT BRI, FEARIRAM R 28 10 TR AT I

METHCT, WK 8 B NIUANA FIRIERSCE SOFC L4 A LI T Frikis#)
FHRKEN s B, RPN AT Mi~My gidh. BHEREL, BEEIRNE
R, Rt P REAAR N ) 2 B P68 O A Y A0 ) -2 o i AR T, 3B AR g DA
B EIXEON . X EER, N AT 5, R B R R 2
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590 BUMRIEZAET, RSS2 R e N TP LR T BE 2 IR R 14
AN, WESUF T FANE 7 AR = 4 P o

(a) S.Max.In-Plane Principal

“EpsTEREFEEE
BRUDpRIERIRRN

(b) S,Max.In-Plane Principal

507.98

462.05
416.12
370.19
324.26
278.33
232.40
186.47
140.54
94.61
48.68
2.75
-43.18

b

X
(c¢) S.Max.In-Plane Principal

<BinngrEREEGRL
s
x

(d) S.Max.In-Plane Principal

! ShbmzezziRgss
x  BEEiRRaEnRnES
|“““‘|““|

8 ANFAIRIEIIMP S SOFC - Hik KL= K (a) 4=0 mm ;
(b) A=0.0625 mm ; (¢) 4=0.125 mm ; (d) 4=0.1875 mm
Fig.8. Contour plots of in-plane maximum principal stress of corrugated SOFC with
different amplitudes (a) 4 =0 mm; (b) 4 = 0.0625 mm;
(¢) 4 =0.125 mm; (d) 4 = 0.1875 mm.
5 B3 RBCR AR BT R S AR B A B AT X e A, AR A& 9 B
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Fig.9. Stress profiles along the x-axis on the lower surface of the electrolyte in
corrugated SOFC with different amplitudes.
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(a) A=0 mmy;(b) 4=0.0625 mm; (c) A=0.125 mm; (d) 4=0.1875 mm

Fig.10. Crack propagation results of corrugated SOFC with different amplitudes.

(a) A =0 mm; (b) 4 = 0.0625 mm;(c) 4 = 0.125 mm; (d) 4 = 0.1875 mm.
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Fig.11. Comparison of crack propagation length in corrugated SOFCs with different
amplitudes.
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During thermal cycling, mismatches in the coefficients of thermal

expansion and mechanical properties among the constituent layers of solid

oxide fuel cell (SOFC) generate interfacial thermal stresses, which may

induce crack propagation and delamination, thereby compromising

long-term durability and hindering their large-scale commercialization.

Corrugated interfaces and an anode functional layer (AFL) are potential

structural strategies for improving thermal stress distribution. Therefore,

to enhance the structural reliability of SOFC, finite element models of

planar and corrugated SOFC with and without an AFL are developed. The

thermomechanical responses of the four configurations during the cooling

process from 1400 °C to 25 °C are comparatively investigated. Besides, a

pre-crack with an initial length of 0.2 mm 1is introduced at the

electrolyte-anode interface to analyze the propagation behavior using the

virtual crack closure technique and the energy release rate (ERR). In

addition, a parametric analysis is performed by varying the amplitude of

the interface from 0 to 0.1875 mm based on a fixed wavelength.

The results show that the corrugated interface effectively redistributes

thermal mismatch stresses and reduces the maximum principal stress at

the interface. Compared with the planar configuration, the maximum

principal stress along the electrolyte lower surface reduces by 22.65% for

the typical corrugated structure. The AFL reduces the peak stress more

effectively in the planar configuration, whereas in the corrugated

configuration, it mainly alleviates local stress concentrations in the crest

and trough regions. Crack propagation analysis further indicates that the

corrugated interface markedly suppresses interfacial crack propagation.

As the corrugation amplitude increases from 0 to 0.1875 mm, the

maximum interfacial stress decreases by up to 36.90%. while the crack

propagation length decreases from 3.29 to 0.23 mm. However, increasing

the corrugation amplitude also intensifies stress concentrations in the crest

and trough regions.
Moreover, the ERR curves of the corrugated SOFC exhibit a
characteristic local decrease during the early stage of crack propagation,

and this reduction becomes more pronounced with increasing amplitude.

This characteristic ERR drop reveals the local weakening effect of the

corrugated geometry on the crack-driving force. These results demonstrate

that the coordinated design of interfacial morphology and AFL can
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effectively regulate thermal stress transfer and crack propagation,

providing a theoretical basis for the structural optimization and
reliability-oriented design of SOFC.

Keywords: solid oxide fuel cell, corrugated interface, anode functional layer, crack

propagation

Schematic diagrams of the geometries of four SOFC configurations
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