L 7 78
i“‘l‘mixﬁ‘ COVER STORY

51 XA X . iy I, K HfiE, BER, F.
2024, 67(3): 24-29.
QU Wengqing, ZHANG Sihan, LU Yanlong, et al. TLP diffusion welding and joint mechanical property of GH3230

% & FHUGH3230:% :8 62 B 2 M TLPY H#ORHEH - ) FHREFF R[], Ao & #) 18 # K,

superalloy laminate structure in aero-engine[J]. Aeronautical Manufacturing Technology, 2024, 67(3): 24-29.

M= ZBIPGH3230 S B BEMEAATLP
RS E R FEEEHRE

B SkEE', BER BRET,E O, E, ESE
(1. e FTRTAEKF, L F 100191 ;
2. P EAE R EH AT R, L7 100024)

[FHE] MALZIEEILE RO RIS, AT LN RALE Bif 2 B AR, £F B4R R 5045
Ko AR A B A 69 KNICr-5 P18 &£ 1200 CHRE 4 h 89 TE L4 T TLP ¥ #0354 & 7 GH3230 52464
% 3L EM I M, MR T BRE MR IT B R E ik A ek, B EAAN LR R, BB PT A A 4
M RRAR) B R CF FH) B4 745, REIAEFTE TS . BT R T 39 4 89 BlIEIR 4828, RAEFT A Aa . L A= 3L
R BTGB A, FR/950 °C & imdsdh X 28 B A, BARMAT L MBI Fo GH3230 208 AP bt 2 1 25 #y 3R 7 4L
£ GH3230 g a2 Ak, R 4E5% P 25 T GH3230 &R 44 . & iR fh By 2L X a9 38 1 R 53K 52%, AR 4k
90° = &5 WJs R, MMM R A s 5818, 20 TIREBARF B, K33 R S RiE TITE LM

K% 5B B AT ALik 3] GH3230 5844

AR AR I VLR, BT IRAE R A AN MM H BT .

KEETE: GH3230 &ima-4; S ILEMA I LM, TLP ¥ #U8,; ML, 5, R/ 55
DOI: 10.16080/j.issn1671-833x.2024.03.024

il

BIBUE, 4, R A 1 A IR A
MIZ RN TEEE EEMBSET
TR EHEERE AR,

FL s A s UAZ Lo el i CAn gk
Be = JOETE IR be = PR E L
HEVR AR W 25 ) 1 7R A2 0 A2
IR JE ol 5 A DI S AT et
At S PERE . B w4 5 LA
2 R AIHLER TR A BT b
TR 3 A B 4 1 BE £ T L 22 A BB i
AEEDR 5 ER AR BB LR
P v Ve M A8 SR O e L R BV
e, ZAUZR B Lkt B
SR E e A R, 1E
BRI LB, 8 G5 e il A L
FEAR b, WAL 1 BTz, BEAS [R] I 5 1
SRR J0 il Ve R R Ve H0, %
HACRATLLAE] 0.8 L P, 3
5 T RHAN A S LBENR v 2454

* RSB : fiss KWLR AR KL IIERFFT(12019-VII-0012 ),

24 WissREEEA - 202445 5678 55310

ZALJZ WS EN L5 I PR FE
1~2 mm 1Y, BAAEHAL FEFESRE
(VAR (PR 2z A ip ORI A HIONR ) 3%
FemipL, B L R, e AR RN kL
M =181 % A Ak 22 ROGHR /N AL
TR KBl LA AR
22 RGHAR /NG RE R G54, sl i A T 465
¥ 5w M 2 A fE— P 2 AL)Z
MO HNZ5H o

JEMREERFRIE S E T AR Y
B R BN AT IEE TR, KL
WA T 2544 5 wh i M 2 (8] B 45 & 47
HEARMEARAR 5 FEAR BB [ 5 21
IO 2, P RE TG T 5 AR B A
[&], PR BY A 22 £LZ MR F 45 40 1Y)
PR U i P A ( Transient



AT
COVER STORY i‘j‘ﬁig‘

liquid phase, TLP ) " HEH45 & T 4F
SRS BURNZE A R ALUREIE 5L
PRAZ J () FLE [ 50 R 235 4 1) v A
B IR AR AT DL Y O AR
BERT AR RIS S LR A 41 2, F S5 i 2
B o R XIS K SIS 1
FER 1 012 4 M A ke 2 e PR Y
YEH . E NN A 4 TLP 3
BRI T KEWF9E TAE, W Tarai
25 B i R 2R vh 18] 2 4 INT18 &4
AT T TLP 47 HUE, IR aE 48U A7
TEZ AR S8 T B R A AR AL
fiffl B I T £F #4 . Duvall 28 1 7E 1121
CAR 16 h 548 N TLP ¥ it 1
Haselloy X [ ib & &, 3k fEm
T (871 °C) Fy v A i J3 1 4iE A 32 2%
MMETFEA . EE P&W 2\ FIFE T
SR PWA1480 H 5 & 4 BT 420
By FRIE])ZAE 1232 CIR 24 h &1 F
TLP § {05, I8 22 7 AR B
FE3LTE R (982 °C) 51 T IR A
SeR L RN AR 55 PR 5 PWAL480
BB AR N, e A E
WP KNi3A Hh[E)JZ7E 1240 CARE
10 h X} IC10 54817 T TLP 9 HUkE,
JRJ5 1260 °C[H7 AL HE, 1000 °C e i
PEREM, £ D\ 1) 0 r 5 B 24 aok
BRI 89% LA F.

AT FE o — o i R R 3 v
A4 GH3230 fii 2 & shilL 2 s
HZEFR T A B0 A B SE e

max UL %
(o A f ¢
D NNy o NN — it
R T kﬁ“*’i

1 ZIERSHERTER
Fig.1 Schematic diagram of porous laminate
cooling structure

Table 1
LiH C Cr Co
PRfESRE | 0.05~0.15 | 20~24 <5
SR 0.1 21.8 1.47

JZHEATT TLP 97 8O 32, X 4544 18
P o AR O L 20 RN = /i
T 1A PEREMEA T TR IR 5
BIF 5% 25 5 %F GH3230 5 164 4 2 1L
EHESH SRR TLP 58U, DL K
FEMLZS K SIS A2 1 TR g
AT HE A AR S

1 WHEHESAE
AWFFE K B GH3230 iR &
Tl W . Mo 1E K & sm Ak i
PUBRAL I ] 55 — AR SR AL B B3
BE4, WHMo+Cr Jo & B &t
35%, HAT PG 5 0 v ke B I A
A8 PUIE 57 P RN T i T A
Al , 76 EU AT Rl PR B 1T 5k
F] 1150 C, Z&H— Wiz & shble
U 4 FH 2 A B, GH3230 5 3
A BRI 1 PR,
rhE)E R A R A Ni S
fRTa] )2 KNIiCr—S, 5 0 & B
At i A4 70& , @0 Cr, Co. W 4%,
VIR RIS TCE B %o SR E A1
+ AR R PR S T g B
ARAE b 2, JEBE 0.025~0.035 mm, 1
ALIREE 1050~1100 °C, 4NIE 2 frR .
GH3230 /& i A 4 )2 M s $U 25
Fig 2R FH B K HL £ T 206 GH3230
Ml 5 H B 3 B/ 1) IR, 2 AR R
SH8 125 mm x 125 mm ; B rpag—A>
DUy B b MEARIR EI R, A
SAKEIR S5 H), BN IE TR ST 10
mm x 10 mm ; 242k E1EA 100
AU, B 500 ANRIFEAR R EHAY
Peimirs; SR 5 bl CEAR) 444
TE—EHE T TLP 9 HUR . ARG AT
TERAR e oE ", R TLP 3~
PO e T 2000 . AR 1200

1 GH3230 BSREAERS(RESE)

C,5 GH3230 /& iR & 4 E1 AL PR
A ; ARIRATE] 4 hy BASEZS N
1x10°~3x 10" Pa,

RS EEEAR /N, Tovk it
TrbRiE 12 PERE IR . A T ER M
PEAG 2SS F 0 F1 27 P RE, B8 T 3
FRISH () S 2P AR

(1) keSS AR AR

RO 2 M 2% HE AR S 4 5 R A
2, 2R FH W e U Jy 4 4 et 4223042, DY
TR R SF 8 20 mm x 20 mm x 20
mm , H o — N st 0 TR i
R 2 M G5 A8 ) b s o5 — AV
N TR 4 (a) R iaA
DU J5 4 TP 465 48 11 2 1T, A5 0L U2 AR 25
FAJ A5 PIE T A 118 & OB, 20 mm x 20
mm [T 150 4 21 %5 HE g
W, BHMAS D1 mmx1 mm )y
FEIE L5, i B 5 AR A s A
A, 50 0.5 mm, 55 —A- P
FEX I WO X 45, 5 AE
AhalZEUS E 4 (b) s, ¥
4 2 0 AR A4 235 F A R 2
FeE & 4 () Finhy T35 i A\ Bas
AT TLP 38O AR E B 5 42
I A5 A H IR E 4 (b) BTk
Tl LUIE 44 E 4 (d) P
NI, PRI R AN
A B AR ERLA 0 K,
B RE O AORS B AL A0 1 2 AR
Bk i mbERE, BRiAEE AT A
FEFRER A8 i A 5 kR IR
(GB/T 228.1—2010 4= J& ¥t K} $i e
R 51 R k)
( GB/T 228.2—2015 4 J& ¥k} 7 fif
W 5 2 35w Tk ) XF
GH3230 /& i & 4 2 Mot b A7 2 25
FA AN GH3230 /3 i A 4 4 61 43 il 1dF

Compositions of GH3230 superalloy (mass fraction) %
W Mo Al Ti RBe B Si Mn Ni

13~15 1~3 0.2~0.5 <0.1 <3 <0.015 | 0.25~0.75 0.3~1 A

14.44 1.32 0.36 0.03 0.96 0.002 0.35 0.52 A

20244E 5567 530 - RLATRIEEIA 25



L 7 78
i‘j‘iﬁiIQ' COVER STORY

IR AT R T RE IR

(2)GH3230 mild A & Fe b X2
JRGERT IR

Sy AR SR AE R PR, T T
@10 mm x 20 mm &M X5 F4), S8
JE T REE 5 Bi7s BARAERL AR IRAE .

(3)GH3230 it & 4 AR R 2
LA

AN 22T B AT i TR AR
SRR TR TR, LA S il 6 i s
KM bE = KT FE R L5,
T BT GH3230 B S 4R
MM & B3R . AR 525 IR ( GB/T
232—2010 4 J@ p R il a5 ik )
XS GH3230 5 i A 4 Al 25 i
5 B HEAT I, IR R M 1
mm ] GH3230 /& i & 42 3 4 (10
mm x 40 mm ) 5 EARAE & 5
AT = 0 R W R AT Sy
90°, #R Ji W2 K 4 2 75 I 4 m H PR
25, K F K% GH3230 Fia a2
JREES I MR

GH3230 & i & 4 )2 M 45 e A

e
2 KNiCr-5 E@SBREHEE
Fig.2 KNiCr-5 nickel base interlayer

amorphous foil

3 RIBEMIZH &R GH3230
A& R BRI

Fig.3 GH3230 superalloy divergent

plate structure prepared by photographic

electrochemical machining process

26 WissHEEEA -« 202445 5675 5531

P TLP 4 IO 0 R AR 4 B
PRGN 7 ik T, 12 Re
177 S IEAEE (950 °C) i Ji2#
DU AR = 0525 i 90° 156 .

BEXT 2 AR SR 4% . GH3230
T TR B 4 ARG B AT AR 25 S Y
YRS SEAT T IWOWL 4 2 W58 5 43 #r
S 4 XA 2% 1T R R 1k ( 10 mL
HCI+2 g CuSO,* 5H,0+10 mL H,0 )
JE 1k 5~6 s, SR J5 R FH O W sk Be Fn
L B AT SO 2H 28R, R
EDX Fl EMPA HEA T304t

2 ZR5iE

2.1 GH3230 S5iRA & EWELY
BERESHE
K FHABA B8 75 B AR GH3230

(b) %ML

(c) ML T A (d) frfiiatfr
4 GH3230 BiRAE&RRIEESRfH
NI MR IR R AL
Fig.4 GH3230 superalloy laminate welding
structure for tensile test piece and its welding
assembly

5 GH3230 5iEA € TLP ¥ B4
EaGilnv=d
Fig.5 GH3230 superalloy TLP diffusion butt
weld tensile specimens

iR A A R MO S5 4 TLP 37 HK
JEGE TR UEAT TR, &6 4
T GH3230 =it 5 4 )2 MR 4 45 4
TLP 4" FUR 4% ot &t ) JC A5 A ) 45
(R FRURE5C 47 ), AT, SRR 4
¥ BT A R TE 4540 (B AE ) 5 AR
(v M ) K2 58 4, A & AT {o] Bk
(7 N V2SS g N 7 7 s N
E 4, W GH3230 Hia 42
B SR BEAR AR B AN T 95%.
2.2 GH3230 5B A &REEHE

PRI TR

&7 45 T GH3230 A 4
MAE G A B AU B A 2= A 2 5
W2 g T T S0, BT LAY BT b B 3],
7 e T 2 X 1 9 00 6 T A T
TR KGN SR A R I 2 1T
ABAETE A, BB R R A AR A
(BERE ) o A W A e KRk o B
I REE R IR B SRR A

GH3230 & i & & B M %=
TR AR 41l 849 MPa (846
MPa.844 MPa 856 MPa ),950 °C &
T A5 -S4 {6 212 MPa (200
MPa.251 MPa.185 MPa ) , GH3230
e A 4 MR A 5 R PP AR 5
$ir it 5 B2 SF- 3276 2 971 MPa (1019
MPa 903 MPa 992 MPa ), % i $7
558 I I A IA] GH3230 w4
IR EER R . GH3230 mEia 4
WA 25 R PP ALALAE 950 °C il
fHiE BESE-Y4{E N 246 MPa (174 MPa,
264 MPa 300 MPa ), =i {58 i 7]
FER T GH3230 =il & & AR

&

o B2 B
6 GH3230 SiR&E TLP ¥ HIR5EBAE
MR R
Fig.6 Ultrasonic detecting photo of GH3230
superalloy laminate TLP diffusion weld seam



AT
COVER STORY iﬂ‘ mix?‘

SR . &8 4t T GH3230 il
B eSS B ARk EE R /
TR PLAHEE X L, TR B E AU
BEVERENL TSR KL
2.3 GH3230 SRS &BEMITER

= /EBRMEEE

GH3230 =i & &M XA 4%
ZEUR AN 950 °C iy T 2R S 11
HaniEl 9 Fras. W LLE H, GH3230
R G A EM TLP 9 8o 4 hy 5t 4%
R 25 KGO Tk B AR
fRiEE, JCig e IR & 950 C il
SAF R R, WA KA TR B TLP
PR AR R GH3230 a4 A4t
B, Fe4r Ui TLP ¥ B as iy =i
/ P RE AL T GH3230 Ml A
GFER; MR RIRARE & A B Y
IRVEARIE , U R W R R
S04, TLP 9 BCRaE 7 B A H AR
TEARK S, I TLP P it 4
L8 T 53R RAHZL B 28

10 45T GH3230 Hilia 4

7 GH3230 BB A SR LA IRAEN
R ER)
Fig.7 Fracture morphology of GH3230
superalloy laminate welded structure after
tensile test (room temperature)

1200 -
1000
800
600
400
200
0

m JEARTRE
B ZHRA

PrAHEE 5 /MPa

i
8 GH3230 SiRAERIRERENS
EORA (B4 ) L fhsR BEXTLE
Fig.8 Tensile strength contrast of GH3230
superalloy laminate welded structure and

950 C

base metal

b X4z TLP 9 B 2 L =l / &
TP A a8 X LE, AT DL A A ) )2
MR UL TR Bk, GH3230
o e e e R e VR L RE T E A ]
o B SE-2{H 5 899 MPa (902 MPa,
908 MPa 887 MPa ), & it $i fi 5% &
B 5 T AH R GH3230 SRS 47
FEAGEEAF G (849 MPa ), GH3230
R A A A PRI 950 C R
AR B YIE A 213 MPa (206
MPa 212 MPa 220 MPa ), & Ja fi
i 5 GH3230 J7 HE B REA R R
FESEAHA] o IHe A1 i R A A A R
LT 52%, Ul RS HA L5
) e A
2.4 GH3230 SR E&EHEIRIEESH

B

11 R =S S GH3230
TR A A TR SRR IR R, AT L

I ——
1
SPPrrLpyy

———.

(a) i

(b) =950 C
B9 GH3230 §EASHMIRIEEEN
IR IR R (R BT R
Fig.9 Fractured samples of GH3230
superalloy butt welded structures after room

temperature/high temperature tensile tests

1200 -

B SE{ARR R
< 1000 iy s
% 200 B ARk
.
% 600
400
£ 200
0
i 950 °C
B 10 GH3230 SiRA&&EEELMN
B W R 58 B XT b

Fig.10 Tensile strength contrast of GH3230
superalloy welded joint and base metal

WHAEF D, GH3230 mika 4 s
BT L = A A 90° 2 AR
BEMIREE B RAT , AR R A AR 2480
SRR TS S A

B 12 451 T 251 90° A AREE#L
MO 2 -, v VA 2], GH3230
A 4 AR TLP 7 B 4% MR
A B A R AT A0 2B, RO
UER T RS AL S R EAE | hE
HRAZ SR i T,
2.5 GH3230 5iBA %€ TLP ¥ 8

HEMI AR

13 25 T GH3230 WA 4
7E 1200 °C {5 i 4 h # 47 TLP ¥ #

11 GH3230 §iE & &HIRIRLE 90°
Tl fEikEE
Fig.11 GH3230 superalloy thin plate weld
seam after 90° bending test

Ll

& 12

SRR E R ALR
Fig.12 Microstructure of the cross-section
of GH3230 superalloy thin plate weld after
90° bending

20244F 567 & 53] - BiATllEEA 27



s L
i‘j‘ﬁ1$ COVER STORY

JR T SRAR AR SE oM 2L, ] LAEH
WAL TE 1200 CAEE 4 h 9T 2
ST, R KNICr—5 45 56 b i) J2
TLP ¥ HUk 3 GH3230 miea 4, 14
B X I 20 SRR EE TR S B T 3
TCHBE Y AL 2, A5 5 B 34 )
— 25, FR A B T T A S R R
) b B J5 e TG L T — A S8
JRGE ShokE, OF HL S 3R 45 A R, G
PR B AEAE s AR b s 5 b
ATERREE X b3 A7 AE , R TR AR
TESERAE BT X35k

T 43T GH3230 iR 4 TLP
BBk X I 2o AR R
B2, 4 T GH3230 FiRa4: TLP
PEUEEIE I 14 (a) T RLZ
M ICE GO, R 14 (b) AT
LIS, BET Co LRI, it &
HYZR oA LR 5] Ui R4 o R
A G IR R A A A2
S HZ T KNiCr—5 3o ] 241
Ak Co i #mr, H Co TLE M3k
L R A RS, FE R A X A
E— YRR, 4% Co T B
WREA R TR BT R RE

5 GH3230 = it 5 4 BEM 40 21
TR 35 A A [) ) e 0% ey 2 21
UE T RREE A EAT 5 RERA 98 B F 2
PE—E F12PERE, i H i T AR A
BEMF 0 4L 2318 0 A T 38 PR IE T 45
) 7R 37 o T A8 Ay R A A% AP
GH3230 & i A 4 B LA ]
M 3R B0 T MR A N B A R M 25 4 1%

2
B 13 GH3230 HiBA& % TLP ¥ #UE4E
IFRHIALR( 1200 °C )
Fig.13 Microstructure of GH3230 superalloy
TLP diffusion weld seam zone (1200 °C)

28 Wiss G A - 202445 5675 55310

3 &g

K B FE B KNiCr-5 F
HHEZZE 1200 CPRAE 4 h I HfET
LA T X GH3230 SRS & E R
SERIEAT T TLP U HUR . MR
PRI 2 B, 2 A G A T A TR
by (PR dt) SR (i A ) 2
TR, A BUATAAT BB , R S B
SEPIA LA MRS G,
GH3230 & i A 4 2 OB 401 45 44 3%
A RAMET 95%. LALLM
R IRGETE B, T X8 50 ) [ s A
21, Ak A AR R LI e A A7
TE, PRAIE T 25 K4 7R A7 5 i Ak far B, A
%L AE A B GH3230 Bk & 4 kb
HIAEIPERE , B T JRAE o AN 2
M A5 A A5 AT

X A A 455 4 5 4004 R GH3230
TR A e F R X R 2 A AT = R D
T R AR, 45 SRR I, BT AT B
i1 4 T 2 7 GH3230 1 & 4 3
TR} I FR i B - Y (B35 W B
T GH3230 i & & Rt pE. &
TEPLAR T 2EA A B SR R R 1K 52%,
GH3230 il A 4 AR KR AE 90° — 5,
25 JC 2L, OISR T 2 8 25tk
W, RIS A S 0k

& % 3 o

(1] HRKER, #7500, AE0E, 45 s 4 al
ML BE R b 3 i AR ()] A2 s B A,
2013, 56(9): 55-57.

SHAO Tianwei, YANG Xiujuan, REN Ping,
et al. Manufacturing technology of aeroengine
floating-wall combustor[J]. Aeronautical
Manufacturing Technology, 2013, 56(9): 55-57.

(a) GH3230% A 4 TLPXRGE X Sk 3t (o

i ) s e

Path : C:\EpmaDatatuwenging 20210427
Project: 1_0015

L I
mm ] 02 04 0e

Apr 27 10.29 2021
Sta

08
AccV. 200KV

mm .

;5Wr\MWMWMMww\w«www*wwwwf«»@
o v v v L Ly D
0.2 0.4 0E 0.8

¥ 202668 mm

mm 0o 1] 04 [11]

E‘th Qnﬂslr‘-{‘w-‘l‘ﬁi\.qr\.’h‘ﬂ\}'\‘.l A‘plll",wwxw%kavl,.v‘.ﬁ,\‘.. B \I,Av.,.lmlw‘y)».,t Rk

¥ 220339 mm
Z: 111980 mm
Direction : Lower

08 Step 2.0 um
Length 99600 um

I
02

2
VT JR»M‘UML
o

BWDS CH1 LDE2H
Ka 1 Line

LN
JL'I'\LD%IVW1—~rJLD’hE~JM1'L*r’D*E*W”«“j

— T T T T T T

LDE2H 200

ERREY MMN"}MMM\«TM\M.‘Auwwa‘wwﬂmw«mﬁ
i S i e

rEEEs

3948
actor 0.0000, 0.0000

>
5

CH-2 TAP
in

%
g
ca

<]

eal

o
7600 mm
1

R

L L L I L
mm ] 02 04 [

400
Factor 0.0000, 0.0000

i L A B T B
ool M J\_’l
PETH
o SD»'T«L}JLVJW(Jl‘fM M;t\MMWM,\.,WWNMJ[MMWMMWmv.,\ eal
s s e T T
a 02 04 06 LE}

-

DS CH-3 LIF
Line,
1158520 mm
um 1

N LT EH P L

AT

Jors el o WWMT‘ '
L

LA L B % Bt B
o

T
ﬂ"“*\vwﬁv‘m\wm-www‘«» wqﬂx%
|

Factor 00000, 0.0000

o

Ly v I
mm o 0.2 04 UE

T B
08

(b) W4 (a) PRALAM4TTE it

=z>

act
WODS CH4 PETH
1 Line

2 RATA rarn

El 14 GH3230 HiBA% TLP IR EXETESETESH
Fig.14 Main alloy elements profiles in GH3230 superalloy TLP diffusion weld seam area



AT
COVER STORY i‘j‘ﬁig‘

[2] WANG T P, SUN B, LIU D, et al.
Experimental investigation of two-dimensional
wall thermal loads in the near-injector region of
a film-cooled combustion chamber[J]. Applied
Thermal Engineering, 2018, 138: 913-923.

[3] BRI, 2, BRAEIR, 45 RSl BEIR
A IRIMTFE]. M AR S TSE, 2004,
17(1): 17-19, 58.

ZHAO Qingjie, LI Bin, CHEN Zhijie,
et al. An experimental study of floating-wall
combustor[J]. Gas Turbine Experiment and
Research, 2004, 17(1): 17-19, 58.

[4] AN, R TR, I SRR
ST BE R 4540 — AL OL L[], iz 3
2F4, 2012, 27(3): 588-594.

GAO Jianhui, WEN Weidong, CUI Haitao.
Optimal design for temperature and structure
of the float-wall of flame tube[J]. Journal of
Aerospace Power, 2012, 27(3): 588-594.

[5] WmEE, 25, sk, BUE 2 AL
JEBR M EE AW TE[]. ML TR 22 4, 2012,
48(12): 144-149.

TAN Xiaoming, LI Yefang, ZHANG

Jingzhou. Numerical investigation on structures of
lamilloy[J]. Journal of Mechanical Engineering,
2012, 48(12): 144-149.

[6] AL A A, B R ZA)ZE R
TR S50 B S0 W2 3 0 %4k, 2002,
17(1): 122-126.

DONG Wei, HAN Shujun, CAO Yuzhang.
Experimental investigation on heat transfer
characteristic of porous lamellar tablet[J]. Journal
of Aerospace Power, 2002, 17(1): 122-126.

[7] JIAOY J, SHENG G M, ZHANG Y
T, et al. Transient liquid phase bonding of Inconel
625 with Mar-M247 superalloy using Ni—Cr—
B interlayer: Microstructure and mechanical
properties[J]. Materials Science and Engineering:
A, 2022, 831: 142204.

[8] TARAI U K, ROBI P S, PAL S.
Thermal properties of Ni-Cr—Si—-B—Fe based
interlayer material and its application in TLP
bonding of IN 718 superalloy[J]. Acta Metallurgica
Sinica (English Letters), 2020, 33(12): 1666—1680.

[9] DUVALL D S, OWCZARSKI W,
PAULONIS D. TLP bonding: A new method for

joining heat resistant alloys[J]. Welding Journal,
1974, 53(4): 203-214.

[10]  KFB3. Mar-M247 HBRIEE A5 42
WA IE BT SE D). BLIK: FPRRF, 2018,

ZHANG Banggqiang. The research on
transient liquid phase bonding of Mar-M247
nickel-based superalloys[D]. Chongqing:
Chongqing University, 2018.

(1] GRS A, R 45 1C105
STLPY HUSH AR Bz Hild R, 2011, 54
(23/24): 98-100.

HOU Jinbao, WU Song, TENG Junfei,
et al. TLP diffusion welding technology of
IC10 alloy[J]. Aeronautical Manufacturing
Technology, 2011, 54(23/24): 98-100.

[12] KR, BefR K, 13, 4%, GH3230
A ATLP §7 U T 2 i 50 0]. 45 12, 2022(6):
4248, 64.

ZHANG Zhiqiang, TENG Junfei, YANG
Wenjing, et al. Experiment on TLP diffusion
welding of GH3230 alloy[J]. Welding & Joining,
2022(6): 4248, 64.

TLP Diffusion Welding and Joint Mechanical Property of GH3230 Superalloy
Laminate Structure in Aero-Engine

QU Wenging', ZHANG Sihan', LU Yanlong"?, TENG Junfei’, WANG Miao’,

YANG Wenjing’, ZHUANG Hongshou'
(1. Beihang University, Beijing 100191, China;
2. AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT]

With the increasing demand for higher thrust-weight ratio, the aero-engine hot-end components not only

need the superalloy used for high temperature, but also need the structural configuration with higher cooling efficiency. In
this paper, the new GH3230 superalloy porous laminated structure for cooling was TLP diffusion welded at the temperature of
1200 C holding 4 h using the self-developed KNiCr—5 interlayer alloy. The welded quality and mechanical property of the
laminated structure are tested. The results of ultrasonic testing show that, all the connection between the column structure
and flat impingement plate of the laminated structure simulated sample is high quality and welded together, and no flaw is
found. The homogeneous solid solution microstructure is formed in the welded seam zone, and no compound phase, crack
and pore defect exist. The tension tests at room temperature and 950 °C high temperature reveal that all fractures happened
at GH3230 superalloy base metals, when the tension loads were applied on column-to-base connection of laminated
structure simulated samples and GH3230 superalloy rod-rod butt joints. The room/high temperature strength of weld seam
are obviously higher than those of GH3230 superalloy base metal. The sample elongation at high temperature tension is
over 52%, no macrocrack and microcrack existed in the weld seam after the thin plate welded joint was applied three-point
bend to 90° angle, indicating the good plasticity of the weld seam. The excellent welded quality and property can provide
the weld seam with the same heat conductivity and mechanical property as GH3230 superalloy base metal when the weld
seam endure, high temperature load, avoid it becoming the bottleneck in the whole laminated structure.
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