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Thermal Effects in Induction Brazing
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Abstract: To suppress the substrate thermal effects in induction brazing, a two-dimensional finite element model was es-
tablished to study the induction remelting process of the coating. The influence of the coating materials and thickness on the
temperature field was investigated. Under the present conditions, the following conclusions were drawn: when the thickness
of the Ti49Zr49Be coating was between 0. 1 and 0. 5 mm, the movement of the coating melting interface was significantly af-
fected by the coating thickness. With an increase in coating thickness, both the sensitive depth of the substrate and the dura-
tion above the sensitive temperature decreased. Compared to the high-melting-point Ni71CrSi nickel-based coating, the low-
melting-point Ni65CrP nickel-based coating exhibited a shallower sensitive depth and shorter duration during the remelting
process. Similarly, compared to the Ni65CrP nickel-based coating with the same melting point, the Ti49Zr49Be titanium-
based coating showed a shallower sensitive depth and shorter duration during the remelting process. Therefore, reducing the
melting point of the coating material and appropriately increasing the coating thickness are both beneficial in reducing the
sensitive depth and duration, thereby suppressing the substrate thermal effects in induction brazing.
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Fig. 1  The calculation grid of the simulation area in three thickness

models: (a) 0.1 mm, (b) 0.3 mm, (c¢) 0.5 mm
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Fig.2 Temperature distribution of Ti49Zr49Be coating systems with different thicknesses under the following conditions ( induction heating

power of 55 kW, heating time of 1. 85 s, and induction heating frequency of 180 kHz) : (a) 0.1 mm, (b) 0.3 mm, (¢) 0.5 mm
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Fig. 4 The variation of the solid-liquid interface position with differ-

ent coating thicknesses over time ( position O corresponds to the

coating surface, and the horizontal dashed line represents the

coating/substrate interface )
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B, TEARRNRIZIEESRMT, WRIZ/ SR 5w B2
SR BURR . HIRJZEEN 0.1 mm B, 7E 1,48~
2.10 s IR 2/ 0K BT I B2 v T BRI BUBORL S, RR 4k
0.56 s; SIRZERE N 0.3 mm B, 7E1.67~2.23 s Ni&
JZ/ BAR PR v T AR BUBRL S, FF2k0.62 55 IR
JERE 0.5 mm I, 7E 1.84~2.39 s &2/ Bk R
T EE e T AR BUBGR B, $522 0. 55 s,

& 6 Ry AN [) ik J2 J5 B2 2 A R A A B U DX R JBE R
ST L, 25 FRET, SR PR BIURR X R B R R S

() 357 I U 2 DB EE O BT U o 24 0 2 R 4 i R

0.1, 0.3 F10.5 mm B, FEAARIEEURR B XU B 53 51k

0.94, 0.76 F10.67 mm, FERBUTIE X 5518 0. 62,
09

0.56 F10.55 s,
0.6} 7
| %§§ %§§
0.0
0.1 0.3

Coating thickness /mm
Pl 6 ANIR] SRRV J2 10 S A AR L 1B DX R 2 I ARF 8 i ]

Fig. 6 Comparison of depth and duration of substrate thermal sensitive

40.9

Depth/mm
Timels

ob
(3

temperature zone under different coating thickness

LR LPRIAR, SRR LT LA NP TR | 4
JAPGE IR [E], ST BT S AR

4 REMEREABIRE SEERES
SE20

WEEER 0.3 mm, DIEE G Ni7TICSi 32
(T,=1408 K) . R4 SR BE Ni6SCrP )2 (T, = 1223 K)
DU AR S A Bk Tid9Zrd9Be ¥4 2 (T, = 1223 K) 3 FlR 2
S, WS R IR B 43 5 1500 A 1323 KB R
JE A ) IR B oy AT LA, BT R IR, 3
FRUR 2RI AR K8 02 2 v Uk 2 AN LA (4 TR A3 A =
Pl ABrger, RN R By 1,85 s, fEHRE
1.5 mm, FEORAGFHASEREE S 1308 K, 455K, H)2
FMRE Y R IET R R BRI R, B Ta~Tc 5000
T i HIR E A 1500 KB g Ni71CrSi, Ni65CrP Al
Ti49Zr49Be IR 2R R IR EE /0 = B, S5 RM, &E
HUNITICSE R R R & DI SRS, JRIRIER AL, i
fECH A5 Ni65CrP il Tid9Zrd9Be 15 21K RS2 ik E Ak,
JESARAAE . S4B LT IR A AR JE Ni6SCrP )2
RZ, BRIL Tid9Zr49Be 1 J2 1A Z2 1) A4RH A48 TR 5 /N
Kl 7d Fi1 Te 43 50 A f s AL BE O 1323 K B9 Ni65CrP
H1 Tid9Zr49Be IR JZR R IR JE i = B, 5 fe i IR
BESR 1500 K AHEL, 3R 20640 SRR 16 A0 AR B A R 2R
AHZE 45 s (] 4

K 8 M — AT, ARV EM G it #2
T BELEVR B 7 1 i A i 2, mT LU R Z M REAR TR,
FEAL P HERS 7 A AN A, S VR EE NiT1CrSi IR 2



510

Hh AR

EEEVE

1.69s
Phase
transformation
starts

2.20s
Coating
melts

2.10s
Phase
transformation
starts

177 s
Coating
melts

2.59s

1.67s
Phase
transformation
starts

148s
Coating
melts

2.00s

210s
Phase
transformation
starts

1.77s
Coating
melts

2.13s

167s
Phase
transformation
starts

148s
Coating
melts

1.68s

2.66s

Maximum
temperature

Maximum
temperature

Maximum
temperature

Maximum
temperature

Maximum
temperature

K
284s 3.56s
Coating PIEES :
solidifies transformation

completes

3.03s
Phase
transformation
completes

3.34s
Coating
solidifies

2.23s
Phase
transformation|
completes

241s
Coating
solidifies

217s
Phase
transformation
completes

2.38s
Coating
solidifies

1.69s
Phase
transformation
completes

1.81s
Coating
solidifies

B 7 ORFERZMRE . R F e IR T iR 2 AR RIREE Y . (o) mESERSE NIT1GS R)2, ST 1500 K (b)) IRAE AR
FENi65CrP 122, B 1500 K; (o) mida Bk Ti49Zr49Be 152, i 1500 K; (d) MM AR EE Ni6SCrP 152, &
EIREE 1323 K; (e) ARM SRS Tid9Zrd9Be 152, e RE 1323 K

Fig. 7

Temperature field of coating and substrate under different coating materials and different maximum heating temperatures; (a) high melt-

ing point nickel based coating Ni71CrSi, with a maximum temperature of 1500 K; (b) low melting point nickel based coating Ni65CrP ,

with a maximum temperature of 1500 K; (c¢) high melting point titanium based coating Ti49Zr49Be, with a maximum temperature of

1500 K; (d) low melting point nickel based coating Ni65CrP, with a maximum temperature of 1323 K; (e) low melting point Ti based

coating Ti49Zr49Be, with a maximum temperature 1323 K
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2/ BRI 1) U 2 D9[] RS LA B DR 2 3 TR 1] U
JZ/ H R R RS

(2) FA o7 AR 1 s [va) A0 5 A AR R 34 B %
VRZIRE S8 s 9, MR 2R 4y 0.1, 0.3 Al
0.5 mm HF, /=5 B0 TR BE Y B 8143530 Ok 0. 62, 0.56 Al
0.55 s, AR RBURIRE T34 0.94, 0.76 F10. 67 mm,

(3) 53HT T ASTRI U 2 b0 e Ja 7 7 9 X 56 44 1) 24 5 ig
U, R ITRIZPORE R Fh 2 S a1 23 O 5 A S Y
HeRe o, TERMIR RN 1500 K T, Sk
BRILVRE NiTICiSi, AUA R SETR 2 Ni6SCrP | IR S8k
FEUR)Z Tid9Zr49Be 19 F 18 AL 7 34350 o IR J2 3R 18T
T2/ SR B 18] 14 J2 NSRRI RS, IR 2/ JE AR SR T
)0 2 R L T 4 RS LA ORI, U )2/ AR BT )
WZ BB HERS |

(4) AR RIS TS, 3 Flig 2 A R AR AR A7 7 44
HUBGR BEIX ;e SRR IR 2 NiT1CeSi 1y SR A BURGR
BEXOUR B e K, FREERT A, 430 1,04 mm F

1. 87 s; RIS BRILIR)ZE NI6SCrP FUIRBEFIIFRIK 2, 4>
A4 0.96 mm F 0. 93 s; IRME i EKFERJZ Tid9Zr49Be 1Y
R PR BURO B DXUR B fe /N RS IR R, Al
0.76 mm F110.56 s,

(5) 2 [ I FH 975 2 1T de e B2 Ry 1323 KB, IR A
BRLVR JZ RIARRS A B U 2 10 i R VAR B X R
FRSLF A Bl /N, B A B BIURROI B X R 4 5 Oy 0. 18
F10.07 mm, FFZERTE]STA 0. 07 F10.02 s,

ZEG IR 2R B RURE R AR M T A B 3 1) 5 i)
B, BOINUR 2R | FRACAPORNG &, A R
RIS
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