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Research progress in inertia friction welding of
nickel-based superalloys

MA Xiaopeng,XU Yaxin',LI Wenya

(Shaanxi Key Laboratory of Friction Welding Technologies, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Nickel-based superalloys are widely used in high-temperature turbine components of aviation
engines, and inertia friction welding (IFW) is widely used for the connection of nickel-based superalloy
disc and shaft due to its solid-phase bonding property and high weld quality. With the emergence of new
materials and structures, there are greater challenges for inertia friction welding. Therefore, this paper
mainly reviews the current research status of the formation mechanism of weld seam, microstructural
evolution characteristics, mechanical properties, and numerical simulation of welding process in inertia
friction welding joint of nickel-based superalloy. At the same time, the formation mechanism of continuous
drive friction welding joint of nickel-based superalloy is summarized for comparison. Finally, the key issues
such as how to smoothly extrude flash, the selection of heat treatment process and the deterioration of
corrosion resistance of joints after heat treatment are put forward in the relevant research in the future.
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Fig.1 Mechanism of weld formation

(a)flash morphology of inertia friction welding joint of dissimilar nickel-based superalloy"**'; (b)flash morphology of continuous driving

friction welding of GH4169 alloy bars at different rotation speeds'**'; (¢)GH4169 joint temperature field at different rotation speeds
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Table 1 Process parameters of inertia friction welding of various nickel-based superalloys

Moment of inertia/

Initial rotating speed/  Initial kinetic Forge force/

Superalloy Material state (kg ) (rmin ) energy/] MPa
FGH96!" Tube(®60 mm X8 mm) 30-50 600-900 98360-132786 8-25
FGHY6!%! Tube(®62 mm X 17 mm) 280-400 600-800 786885-979234 320-405
FGHY8!¥! Tube(®60 mm X 15 mm) 1552.5 800-1000 168918-263934 17-21
K418-42CrMo*’ Bar(®24 mm) 1.173-4.033 1400-3500 43194-78520 121
GH4169-42CrMo'*! Bar(®40 mm) 120-168 800 421103-589544 300
GH4169-FGH96 %) Tube(d®145 mm X 6.5 mm) 200-400 400-700 349726-535519 450
GH4169M Bar(®25 mm) 1.351 4400 142925 300-350
GH4065A1 Tube(®100 mm X 16 mm) 300-400 450-550 442622-495901 300-350
GHA4065A Tube(®30 mm X 15 mm) 388 500 530054 350
K447A-GH4169""] Tube(®50 mm > 13 mm) 35.8 1000 195628 400
FGH1011% Tube(®38 mm>< 9 mm) 65 750 199795 12.44
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Fig.2  Microstructures of continuous drive friction welded joints of a new Ni-Fe based superalloy!
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Table 2 Tensile properties of inertia friction welding joints of nickel-based superalloys

Initial Room temperature High temperature
. Moment - - - -

rotating .. Forge Tensile Yield ) Tensile Yield . o
Superalloy of inertia/ Elongation/ Elongation/ T/°C

speed/ (kg-m?) force/MPa strength/  strength/ y strength/ strength/ y

‘m

(rrmin ) MPa MPa ' MPa MPa '
FGHY6M™ 750 35.6 22 1300 910 12.1 700
FGH96"! 750 35.6 15.17 1240 930 15.4 700
FGHI6M 770 280 320 1516.9 1189.5 17.7 1180 999 4.9 750
FGHY6M 645 388 405 1506.8 1157.6 18.2 1200.5 1018 3.1 750
FGHY8M™! 800 1552.5 17.24 1496.32 1046.42  10.60 984 904 5.1 750
FGHO8M™! 900 1552.5 17.24 1423.67 1023.77  13.07 1004 842 4.7 750
FGH98™ 1000 1552.5 17.24 1500.63 1057.18  15.07 925 912 1.3 750
42CrMo-GH4169 800 120 300 1022.5 723.5 11.75 548 567 16.25 540
GH4169-FGH96* 650 340 450 1366 1160 14.2 1176.7 1017.1 19.1 650
GH4065A™ 550 388 300 1610 1372 1105 1085 750
K447A-GH4169 1000 35.8 400 1014.5 960 2.5 400

1000 35.8 400 1009.4 877.6 3.3 650
FGH101! 750 65 12.44 1600 1178 12.9

*3 RESRASREEEEELES
Table 3 Fatigue properties of inertia friction welding joints of nickel-based superalloys
Welding energy/  Forge force/ . i i ) . .
Superalloy ., Measurement location ~ Strain amplitude/ %  Fatigue life/cycle Fatigue type
(J-mm %) MPa
FGH96!™ 77 28 BM Seem infinite(stress<<500 MPa)  HCF
Joint Beyond 107 (stress<<500 MPa) ~ HCF
GH4065A % 77 350 Joint(730 °C,5h) 0.6-0.8 267-581 LCF
Joint(760 ‘C,5h) 0.6-0.8 174-363 LCF
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Fig.6  Simulation of inertia friction welding of GH4169 pipe

(a)initial grid model"™; (b)-(d)effect of friction pressure on flash morphology , interface temperature field , and axial shortening
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