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Simulations on the Stress Evolution and Residual Stress
in Precipitated Phase by Using the Phase Field Model
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Microstructure formation and the stress evolution in the microstructure is simulated based on the
coupling equations among the phase, temperature and stress/strain. Grain growth processes from
some nuclei of the precipitated phase are simulated under three different conditions. Assuming
volumetric dilatation in transformation to the precipitated phase, tensile and compressive stresses
are generated at the interfacial region, and the distribution changes as the grain grows. The elasto-
plastic model gives the residual stress distribution in the material, which is not able to be obtained
by the elastic calculation. A grain-growth model with regularly disposed four nuclei demonstrates
creation of residual stress zone along the grain boundaries. Another model with randomly distribut-
ed nuclei also gives the residual stress distribution along the grain boundaries, in which dependence
of the stress on the size and shape are observed.

Key Words: Numerical Analysis, Thermal Stress, Residual Stress, Phase Field Model, Phase
Transformation, Coupling Effects, Finite Element Analysis

1. & H BT Y B Z LIETE AR

HROMIR, DR, Topatarmg TSl TemXT o RETARINS &
BUMEICHEY, BERRERI — R E Y, R RBERMBIRO R o oA RS =
b F b CHER ST\ D B e = b e P CEDTC L, £ I TIHAREIRICH S ROE
BT X 2 Bro TG, ZOHTH, REGRR %ﬁ%ﬁﬁﬁ%ﬂz{ﬁi@ﬁﬁw:tiﬂ%w6%1}\7@\. I,
Fon kB LA DR L RBE, ke B8 DEIAETIE, WL TR R
Jolk, L ke, SRBRNICHEF oRRG BB DS AREORITE T LA,
DA DR R EXR B E b b, cp  DIARRTIE, ZemXT g FETMEE 5T
£ 5 BN ORI ORI, B, gy PABERAL, BE EABARSEL LIS
B m R (b OB S, B R e O BORBRBRICED SIS IR L RSN
LRLEL B, TOLOREBROKMAFEy L RO BE SHERREUR T =X T AL R
Ti%, Johnson-Mehl-Avrami 72 ¥ OERRHER & e *ﬁ@%}%iﬁ@miﬁﬂ:\k’)b\fﬂm L7gs, ZHTH,

EOORE AR, 2 CIIEBIIEREYR ¢ 2 HNT 2. £ B ot

> FEERRIE AL B
RBEENTWS 2%, REOBEICHK AR E B R D ERAIZ SV T, B‘ﬁiﬁ‘”f‘iﬁ«\*tﬁb <

* ERSRAT 2005 56 B 16 H. HY, ZITR, EERCAWDIERXOL LT
R, AHBARYRER TEHRRH (S 464-8603 ZHET
TREXAEAET).

2 BERREAERET 3L ¥ —BIEHSER B B E AR D)
(®671-1188 WERETHIAMXE -LHT 1) ].

E-mail : uehara@mech.nagoya-u.ac.jp

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

850 7z —A7 4= NVFEFNME BHBHEABOENER EBETHOY Sav—v a3y
Table 1 Applied parameters for simulations.
m 2.5x10° a, m* 10 b, m3/J 5.0x1075 Tm, K 400
p, kg/m3 1.0x10® | ¢, JikgK) | 5.0x10% | k, W/(m K) 150 L, Jm? 3.0x10°
h, W/(m?K) | 1.0x10* Tw, K 300 Az, m 1.0x1072 At,s 1.0x10~2
E, GPa 200 v 0.3 oy, MPa 250 H', MPa 250
a, 1/K 5.0x1076 | B 1.5x1073 | ny, MPa~! | 1.0x10~2 | ngy, MPa—2 | 1.0x1075

Table 2 Boundary and initial conditions for three simulation cases.

Case Thermal B.C. Mechanical B.C. Initial seed(s) Init. Temp.
Case 1 | bl, b4: Adiab., b2, b3: Conv. | bl: y-fix, b2, b3: Free, b4: z-fix Comer C 400 K
Case 2 b1-b4: Conv. bl-b4: Fixed Corner A-D 300K
Case 3 b1-b4: Conv. bl-b4: Fixed Comer A-D & 5 in bulk 300K
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(b) Temperature

(ii)t=10s (iii)t=20 s

()t=0.5s

(a) Phase field

(c) Equivalent stress (Elastic calculation)

(iv)t=40s

(v)t=60s
(d) Equivalent stress (Elasto—plastic calculation)

(vi)£=200s

Fig. 2 Comparison between elastic and elasto-plastic calculation on the stress distribution due to phase

transformation and thermal conduction (Case 1).
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Fig. 3 Stress in the z direction at ¢=30 s in elastic
analysis (corresponding to Fig. 2(c)(v)).
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Fig. 4 Effect of the function f(o), representing the
stress-dependency on the phase transformation,
on the grain growth.
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(c) Equivalent stress

Fig. §
shape (Case 2).
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Stress evolution during grain growth from four nuclei, and residual stress distribution exhibiting cross
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Fig. 6 Polycrystal formation and stress evolution during grain growth from nine nuclei, exhibiting high

stress region along grain boundaries (Case 3).
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