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Fig. 1 Schematic diagram of local loading forming process' ™
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Fig.2 Effects of forming conditions on flow stress'®’
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Fig.3  Softening fraction as a function of holding time'®
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Fig.4 Schematic growth diagram of secondary o phase™ (a) and microstructure of a-lamellae(b)
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Fig.5 Microstructures of different regions after deformation in two-phase region(970°C /AC) "’

(a) the first-loading region; (b) the transitional region; (c) the second-loading region
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Fig. 6 Microstructures of the sample processed through near-8 forging in the first loading

step combined with conventional forging in the second one

[13]

(a) the first-loading region; (b) the transitional region; (c) the second-loading region
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Fig.7 Microstructures of the specimen through near-g forging combined with conventional forging by changing forming conditions

(a) 970°C/930°C ,50% ,AC;(b) 970°C /950°C ,50% ,AC;

[13]

(a) 970°C /930°C ,50% ,AC;(b) 970°C /950°C ,50% ,AC;(¢) 970°C /930°C ,50% ,WQ; (d) 970°C /930°C ,70% ,WQ
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Fig.9 Microstructures of first and second loading regions through different forming techniques

WA A ST T T B IRIE (B IR E AL
T ) b 3R AN KV 1 3k PR 440 rh S5 o 1 2 ek O
R 20% Fe A 2 )5 2 T E WA X (B AR A
LR 40 ~60°C ) f - ZHAN P BT 2 o ELIERER
Wi R A HUE L R o 2 A I B AL AR R B
FASHLU( By ), BITE A = S (g + s + B ) o

SCHR R I SR AT REAR AT S AAALU T S0
VAT B LR + RS TE UG BB LR +
AT B PR TR, IR U A (R 0 2 v 4 5007 2R A
Kb FRR SE G N X 4L L . DR R R
JE BT B 6B A IR R B LB + B S — K R
JEERUT BB SRR R, A5 AR DX SR R S A B AR
157, S I X S A o R S B AN OB BE K TS
X, BIRh T 2005 FMOWA 21 AR £ 5 R A
JE I 28 X ) SO 2 4 G A TR AL A 4L R 2 R
o AH A IR T IS TR %A A R (L 9) o

(a) first-loading region,near-g8

local forging; (b) second-loading region,near-f local forging; (c) first-loading region, conventional local forging combined

with near-$ forging; (d) first-loading region second-loading region, conventional local forging combined with near-g forging

ZIE W ETR TR B OKE ), Ak HS 5
XA LUR SR o A7 RFLZLUM A R Z o AHA

B H AR BRI, —IE UCRUIB I, AR5 SR ) = 25 41

ZU(E10) o MR A 77 X2 (AC) i, Jem
B o S TR (WQ) A4, H AR o &
R ROST A W O X T I g X 5, PR 2007 UF



54

BRa BRI A PF A R AN B B #R i AU Wt 5 i 77

TURE A9 Gl 20 2 rb 2 O A A il o R Y
ALK 1),

SRR AL + T B ML BRI, S S gk X
LA LR AR JICRIT AR R /N JE W] A 2 S {EL i RREL T B0

10 [ 3 v 48 6 SR 30T B AR PO M0 4 4
Fig. 10  Microstructures of the specimen through isothermal near-f local forging with different loading passes

(a) 2 passes; (b) 3 passes; (c) 4 passes
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(a) SEM#EX (WQ) 5 (b) JEMEX (WQ);

(b) second-loading region/WQ; (c¢) first-loading region/AC; (d) second-loading region/AC
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Fig. 12 Microstructures of first and second loading regions after near-g heat treatment
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(a) first-loading region/FC; (b) second-loading region/FC
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(a) annealing; (b) quenching + aging
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Fig. 14  Microstructures after near-g forging and quenching'
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Table 1~ Mechanical properties of TA15 bulkhead
Performance indicators Measured results Requirement

R, /MPa 940 - 1000 930 - 1130

A/ % 16.0-20.0 > 10

7/ % 43.0-53.5 >25

500°C tensile R, /MPa 645 - 690 > 630

Impact toughness/J + cm ~° 43 -60 >40

500°C duration properties at 470MPa/h >51 >50
T BRI T 20 R S IR A A AU A A Al 1 IOE A 2001, 3(5): 61 -65.)
P— 12[[{“: i & :]:iE'f T —FEMN T LER , T%YJEII [4] SUN Z C, YANG H. Microstructure and mechanical prop-
JHE I L EIR LS ME RN A AR & erties of TA15 titanium alloy under multi-step local loading
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Advances in Microstructure Control during Isothermal Forming of
Ti-Alloy Large Complex Components by Near-f3 Local Forging

YANG He, SUN Zhi-chao, FAN Xiao-guang, GAO Peng-fei, WU Chuan

(State Key Laboratory of Solidification Processing, School of Materials Science and Engineering, Northwestern Polytechnical Universi-

ty, Xi'an 710072, China)

Abstract; High-performance large complex components of Ti-alloy have become the inevitable choice for aerospace high-end equipment
to achieve large carrying capacity, low energy consumption, long life. The precision plastic forming of these large complex Ti-alloy
components faces two large challenges, such as how to improve manufacturing capacity and how to implement an integrated regulation of
forming and performance. Isothermal near-f forging by local loading provides an advanced technology for the forming of such compo-
nents. However, due to the particularity of forming process, complexity of component in structure and sensitivity of Ti-alloy microstruc-
ture to forming way and conditions, the microstructure control and how to get tri-modal structure with excellent performance become a
key problem to be solved urgently for research, development and application of this forming technology. This paper presents analysis
and state of the art from aspects such as microstructure evolutionary mechanisms of Ti-alloy during multi-pass isothermal local loading
forming, microstructural uniformity control of different loading regions and transition regions, formation of tri-modal structure and pa-

rameters optimization of isothermal local loading.

Key words: Ti-alloy; large complex components; isothermal local loading; near-f forging; microstructure control



