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Steady—state Thermodynamic Analysis Model of Dissimilar Friction
Welding Based on the Maximum Entropy Generation Principle
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(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. Shaanxi
Key Laboratory of Friction Welding Technologies, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: Dissimilar material welding has gradually become the focus of industrial applications, and the selection principle
of dissimilar welding process parameters has been increasingly considered; thus, providing an accurate and reliable welding
parameter selection principle is more important. On the basis of the Onsager-Ziegler maximum entropy generation principle
(OZ-MEPP) and related dynamics principles, a steady-state one-dimensional maximum entropy generation analytical model
for dissimilar friction welding is constructed, which reveals the distribution of the temperature during severe plastic
deformation. The effect of metal extrusion along the flash is further introduced to extend the model to a steady-state
two-dimensional model, and a steady-state two-dimensional maximum entropy generation analytical model is established by
combining it with the constitutive equation of metal plastic flow. Finally, on the basis of the dissimilar interface welding
criterion, a steady-state thermal collocation analytical model of dissimilar rotary friction welding (RFW) is constructed. The
model does not need to preset the response parameters and can effectively predict the welding temperature, axial shortening
rate and viscoplastic zone width after the experimental verification of the RFW of dissimilar collocation. The trend of the
calculations is similar to that of the experiments, and the relative errors are within 10%, which indicates good accuracy and
reliability.
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Fig.1 Morphological characteristics of the joint welding in the
steady state of RFW
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Fig.2 Schematic diagram of a one-dimensional physical model of a large deformation system for a dissimilar rotary friction welding
joint: (a) one side of the joint; (b) the other side of the joint

https://www. cnk1. net



o 5 1ol

(EEEF AR N03/2025

BHE, . EFRAMFTEEENSMERIERARNSHBFER +235.

I i) AL, S 5
(6) B A5 1 BE £ H 0 3 20 50 T4 5 R () A8
B 1) RV 35 1R | SR T
R4 BRI 01 5 A B S AR e
SIS AR R P A o, HIKRLT
Tazs 12 AR (T — B 52 125 LG o 10 0, BRI
i 22 v RO BT R
o=\T"+¢q=0 (1)
S g R R A, A B A T
BT H TAERIT x 00— B S, AR (3) A
(AnT 155 FE .
G=MT QA AL, T 2)

Q=o£~0.¢, (3)
K, v, MIRE S B REE E  HG(E AR — 0 Y
iR Q0 Fle, 3B R =3I 5 AER0N F1 A
GOV ARl B KA AR R N S AR T T DA
AT A AL | AR 28 P PE I R A B
O, —‘:;I“S.'e E‘J%ﬁ:{*ﬁlﬁjo
FR A e R = A I B 345 A =0 (D)~(B),, RAZTE
Z G 7 A R QR ST 1] R AR B 8 90 7 A R )
A LA RN .

0=9 @
=0l 5)

A, T D ST 1) il 1) o) B3 E A B2 5w,y A it FE
G ) P 3 8 (5 K 3 R v )l 1 4 R R R/
HHEETT AL

B TR (S) AT R, RAZ AR 2 1932 25 B B
X I RAZTE A 200 7 A2 38 0 T RIARZS, PTLL 0 A
FUAR RS @ BRI Rk, B T XU AE 52 AR 7 /1
E RRRCH ZZ B AL R U T8, 8 To,  H I
(R A 3 N S | K 7 & VAN W

q. _T!
q T

K, gl I g X x 19 2EL

TE TG FE IR AR p AR R A AR
AR BT 2R P I B4 R R TR W SR B
AT R B BT ISR 0 B R AR R B T N £ 3
EBRIE T'IESELEY 11 57k A4 A2 Sk B i Ak 318 2 114
WA 1 5% AT o S DX S8 2 BOR i — A 1D 3 ik
Ab i EE A B 7 TR, RE W AR I A2 TE x=(B,—B.)/2
(B>Bo)ak , AL IR EERR 0 0, R I K AR B & 42
F8 3t JEE A ] 5 O

(6)

https://www. cnk1. net

3 e e e A AR S iR B O3 A1 7 I
Fig.3 Schematic of the temperature distribution of dissimilar
rotary friction welded joints
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Fig.4 Schematic of the 2D model of the large deformation system of a heterogeneous rotary friction welding head: (a) schematic
diagram of the joint on both sides; (b) 2D model profile of the two side joints
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Fig.5 Physical modelling of heterogeneous joints with 2D fixed solution models for large deformation systems: (a, b) one side of the
joint; (c, d) the other side of the joint
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Fig.6 Schematic diagram of the large deformation zone model for rotary friction welding friction welding: (a) 2D fixed solution model;
(b) 2D model
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Tab.1 Parameters of the TC4 titanium alloy samples™

Parameter Value Parameter Value
Densities, p/(kg - m™) 4440 Constitutive parameter, «/MPa 0.009 2
Heat capacity, ¢/(J-kg'- K™ 807.05 Constitutive parameter, n 3.862 6
Thermal diffusion, x/(m?-s™) 4.73x10° Constitutive parameter, A /s’ 1.128 8x10*
Thermal conductivity, A/(W-m™-K") 16.95 Deformation activation energy, Q/(kJ-mol™) 456x10°
Specimen radius, Ry/mm 12.50 Gas constant, R/(J-mol’-K™) 8.314
£2 TCI74k & & HAR X 5 59
Tab.2 Parameters of the TC17 titanium alloy samples™!
Parameters Value Parameters Value
Densities, p/(kg-m?) 4650 Constitutive parameter, «/MPa’ 0.01293
Heat capacity, ¢/(J-kg"'-K™") 717.50 Constitutive parameter, n 3.036 48
Thermal diffusion, xk/(m*-s™) 5.32x10° Constitutive parameter, A /s’ 1.1x10¢
Thermal conductivity, A/(W-m*-K™") 17.75 Deformation activation energy, Q/(kJ -mol™) 214.322x10°
Specimen radius, Ry/mm 12.50 Gas constant, R/(J -mol™'-K™) 8.314
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Fig.14 Comparison of the correlations between the experimental
and calculated values of the TC4/SUS321 interface temperature
T with the welding rotation
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Tab.3 Parameters for the SUS321 steel samples™

Parameters Value Parameters Value
Densities, p/(kg - m™) 7930 Constitutive parameter, «/MPa 0.009
Heat capacity, ¢/(J-kg'-K™) 500.12 Constitutive parameter, n 6.1
Thermal diffusion, x/(m?-s™) 5.42x10° Constitutive parameter, A/s™ 9.76x101 7
Thermal conductivity, A/(W-m™-K™") 21.50 Deformation activation energy, Q/(kJ-mol”) 465x10°
Specimen radius, Ry/mm 12.50 Gas constant, R/(J-mol"-K™") 8.314
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