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Compound process on hot gas pressure forming and reaction preparation for
NiAl alloy tubular components with variable cross-section
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Abstract: NiAl intermetallic compound has higher high-temperature strength and lower density than traditional nickel-base superalloy.
Therefore, aiming at the manufacturing problems of NiAl alloy thin-walled components with variable cross-section, the composite forming
process of hot gas pressure forming for Ni/ Al laminated material tubular components with variable cross-section and NiAl alloy reaction prep-
aration was carried out. Firstly, the Ni/Al laminated cylindrical billets with tight bonding between layers and high plasticity were prepared
by controlling the Ni/Al interface, and the hot gas pressure forming law and micro-damage control method of Ni/Al laminated materials were
studied under different process parameters. Then, the variable cross-section tubular components with good fittingness were formed. Finally,
Ni/ Al laminated material components were transformed into NiAl alloy components by reaction preparation. The research shows that the tem-
perature and the gas pressure loading rate are the key parameters of hot gas pressure forming for Ni/Al laminated materials. At a reasonable
temperature, adjusting the strain rate through the gas pressure loading rate can avoid the microscopic damage and control the fillet accuracy. The
tensile strength of NiAl alloy thin-walled components with variable cross-section prepared by reaction preparation reaches 110 MPa at 900 °C.
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Fig. 1 Schematic diagram of tubular component with variable cross-section

1.2 Ni/Al ZE BTG & 5EMPEEH SR

Ni/ Al & 2R R B HIARYE NiAL #4550 il 5
FIR, N HIEE R 60 wm, Al R E N
100 wm; I Ni/Al &2 R PRI EE RIS 237 B9 B
RN R AR . R MBS RS2, WA 2a
FioR, fd K R 230 mm fR5EE §6 b 14 25 41 2%
Ni/Al &J2TH, SRIG A OV Hl #5153 Ni/Al & J2 B fE
W, TR A ph 4 28 5 i AT &7 5 R A B ) PS4
JE . RNk R AR B H AR EE SRR RS . NiZAl
2 P AR A i A R LS Ni §H 5 AL R Z A1)
JRRZEE, BREEBGMZMNRA, Bk RS
ST LY Ni/ Al B 20 R AL 7=k N
fLIA, & 2b b Has OGS B, 7R 600 °C | it fin
10 MPa #%fif, f#/% 1 h (32>~ 600 °C/10 MPa/1 h) 4%
PR Nis Al B2 R, BIFEHRKEHR 160 mm,
[RIfETEREAR N 20 mm, A5 32 8 3 bk 25 9 1) <4k
LI R S G RO R, (A2, TFHIENI
PR TCIATE & 2 R Mt e 855 i 4ms, tors
1) Ni/ Al &2 RIS R D2 5 R 2R

Ni/ALSH -y
l
b Scy vy HEGEAH S il 4
@ ®)
E 2 600 °C/10 MPa/1 h 244 Rl 45 Ni/Al B2 R HAERE (a) LY (b)

Fig. 2 Preparation process (a) and physical photo (b) of Ni/Al laminated cylindrical billet under condition of 600 “C/10 MPa/1 h

T ARUE Ni/Al & 2 B f5 3 75 5 S R Rk
BOE R 43 2 R B B A R P R AR T fig
P& R IS AR 2k )y U 4% NizAL & J2 15 4
Wy R R, R RS ERIE & &, K
Ni/Al SZ BT E TR, M &8
£ 100 kN, FIFH b 3k B 15 i 20 o 30 % B 5, AE

600 °C Tt 10 MPa < & Jf-ff /& 40 min (id°H
600 °C/10 MPa/40 min) , L3 Ni/AlZZEHM 2
A RS A, B 3 o Ni/Al &2 B ERg
[EJZB AN S, FEBORE AT 1, 2 F1 3 AR RO 20
241, A] I, Ni/ Al 28 )2 B 8 51 09 TEOU 2 2 53 A R 34
A, WiEJZ (NiAlL 1 Ni,AL) AYEEZN 12 wm,



5 X H9AE . NiAL &

SRS A UR O -l 5 T2 3

@

L =) 2
I o o
(b) © @

E3  Ni/Al & )2 B fE B R AL B 1 ROm L 28

(a) WREZE  (b) ¥ 1

(¢) P2 (d) &3

Fig. 3 Microstructures of Ni/Al laminated cylindrical billet at different positions
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Fig. 4 Change curves of fillet radius (a) and wall thickness distribution (b) under different gas pressure loading modes at 625 C
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Fig.5 Layered structures of Ni/ Al laminated material tubular components with varible cross-section formed under different gas pressure loading modes at 625 °C
(a) 1.2 MPa - s™'=12 MPa, straight section  (b) 1.2 MPa - s7'-12 MPa, transition section  (c) 1.2 MPa - s'=12 MPa, round corner section
(d) 0.04 MPa - s™' =12 MPa, straight section  (e) 0.04 MPa - s7'=12 MPa, transition section  (f) 0.04 MPa - s"'=12 MPa, round corner section
(g) 0.04 MPa - s™'~5-8-12 MPa, straight section  (h) 0.04 MPa + s™'=5-8-12 MPa, transition section
(i) 0.04 MPa - s'=5-8-12 MPa, round corner section
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Fig. 6  NiAl alloy tubular components with variable cross-section and microstructures of different positions

(a) NiAl alloy tubular components with variable cross-section after homogenization

(¢) Lateral segment of transition section

(f) Medial segment of transition section
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