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Fig.1

conventional, § and near f forging

Optical microstructures developed by

(a) —Equiaxed microstructure developed by conventional forging;
(b) —Lamellar microstructure developed by B forging ; (c¢) —

Tri-modal microstructure developed by near g forging
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(a) —Age B matrix + equiaxed a

(b) —Age Bmetrix + lamellar «

B2 EREALENEMAR

Fig.2 Optical microstructures developeby by thermomechanical treatment
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Fig.3 Correlation between the volume fraction of
equiaxed a and the heating-temperature of Ti-

6.5Al1-3.5Mo-1.5Zr-0.3Si alloy
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Fig.4  Effect of the volume fraction

for equiaxed a on tensile plasticity of

Ti-6Al-4V alloy
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Table 1 Tensile properties of room-temperature

' = MOt RE
¥kt Sk BIERE b
oy/MPa 60.2/MPa 8/% /%
TC11 M zH XU B kP 1061 1018 14.8 46.2
oS B X% R k@ 1083 990 12.8 19.8
i B xe wmE @ 1098 1049 16.8 43.8
IMI1685% (FEE) B =¥ [ % B 3 © 1060 1000 10.0 18.6
BT9 (JEHEK) 25 # Ak B Ke g & 1080~1220 1020~ 1090 10.0~12.0 18.0~20.0

O—%XEHMHEE M T; @—950TC, 1 h, AC+530C, 6 h, AC; ®—965C, 1 h, AC+950C, 1 h, AC+ 530C, 6 h, AC; @®—
1050C, 2 h, OC+550TC, 24 h, AC; ®—570C, 2h, AC

F2 HBEMGE
Table 2 Thermal stability Properties

moR o R
LIRS BTk BIERH kb 500C, 100 h 520C, 100 h
oy/MPa 5/% o/ % o,/MPa 8/% ¢/%
TC11 kg 2 XUH IR k 1087 14.0 38.8 1081 12.0 31.7
) B K% EE K 1069 11.3 17.0 1094 10.2 16.4
i) K EPL 1109 15.0 37.0 1153 16.6 36.6
IMI685 (FH) B 2V I35 7 B 2K 1015¢ 8 16.5 —~ - —

®—540T /100, 300 MPa i & ¥ 4%
x3 BRAUM. FAMETEE

Table 3 High-temperature tensile, duration and creep strength

145 3 L feh FEAGRIE L3637

B Rk BERH ik sov  sor  CL0v 20T SO0, S20T,
100 h 100 h 100 h 100 h

o,/MPa  6,/MPa  5,/Mpa  o,/MPa /% e/%
TC11 R =8 XUE R k 748 698 598 - 0.129? 0.2242
() B K¥ WER Kk 772 761 706 608 0.063? 0.125?
I B K SRE L 774 749 706 607 0.103% 0.134?

IMI685 (¥(H) 8 GRS 7 75 B 3% 750 — 700 — 0.084? ==
BT9 (JRIFEK) B K¥ B AL 870 — 610 — — 0.122®

@—4FAE N J1 343 MPa; @ —¥F7E ) ] 300 MPa, %%7E B 520C
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Table 4 Low-cycle fatigue life, fatigue-creep life and fracture Toughness

6 & 382 97 P BB I 95 -4 A5 #F T W
ok BE % BV Aab 20, 715 MPa 520C, 3 min, 480 MPa Kic
N¢, cyc. N¢, cyc. MPa vV'm
A pcs X R k 6658 2529 73.1
B K% XUE B k 7631 11780 91.9
TC11 (HH)
i K% 1L 14376 8298 88.6
IMI685 (¥(H) B =% [ ¥ B 3K — — 74.7 (B%)

98.5 ()
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Fig.5 Dislocation morphology in tri-modal

microstructure

(a), W AN 8P <

| 3 it ’ ' Yy » )
e A L St
Yy - : \

LY —{ N LA

(a) —Winding crack propagation path in equiaxed microstructure

WA R SR A SRR RNRE, ¥
BT RPBAOMITRES XS, =54
4, 50% ~60% JEEH 3~5 pm i) S
AR a, Z4EURBE S 7E % 414U b IR AL F B i
Gl o HIAMESHT L RATHMK HE (6
(a)]; HEEW® o/BHATY BIT L o BH,
oo ERMM S ERAY R WML, B8 o
Frial@at, # o BHMA A EREE W R A —
B, MOFHAER, ARYYREERAR, B&
AR RO S B M (B 6 (b)]o BRRAK
oo BRIV EL, 30 HURE BE MR, 24 B4R R 3T,
IR A, TR R

(b) —Winding crack propagation path in tri — modal microstructure
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Fig.6 Winding crack propagation path in different microstructure
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The Near B Forging Overthrows the Conventional Forging
Theory and Develops a New Tri-modal Microstructure

Zhou Yigang, Zeng Weidong, Yu Hanging
( Northwestern Polytechnical University, Xi’an 710072, China)

[Abstract] The near beta forging for titanium alloys proposed by the authors has overthrown the conventional
forging theory in the following two aspects: firstly, the material is heated and forged at 10~ 15'C below beta
transus temperature and then water cooled; secondly, the heat treatment technology after forging consists of a
high — temperature toughening treatment and a low-temperature strengthening treatment instead of the conven-
tional aging treatment. Because of ingenious combination of phase transformation, defomation and strengthening
and toughening theory, materials forged by the near beta forging do not produce an equiaxed microstructure or a
basketweave microstructure as usually found in conventionally forged titanium alloy, but do produce a new tri-
modal microstructure, which consists of about 20% equiaxed alpha, 50% ~60% basketweave formed by stria-
ture alpha and transformed beta matrix. The tri-modal microstructure not only develops a new type of mi-
crostructure in addition to the existing four titanium alloy microstructures (i. e. equiaxed, bi-modal, bas-
ketweave and lamella), but also has the advantages that both the equiaxed microstructure and the basketweave
microstructure have, so it shows excellent mechanical properties. It shows an increased high-temperature prop-
erty, a high low-cycle fatigue property and a high fracture toughness without decreasing ductility and thermal
stability. Moreover, it can raise the service temperature from 500°C to 550°C . The near beta forging is applica-
ble not only to alpha-beta alloy, but also to alpha, near alpha and near beta titanium alloys. This method has
been used to forge several engine compressor disks and some important structure components of missils and air-
planes.

[Key words] titanium alloy; near beta forging; tri-modal microstructure
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