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A Process Design for Hot-Forging of
a Titanium-6242 Disk

Jong Jin Park
Department of Mechanical Engineering, Hong-Ik University

ABSTRACT

Titanium-6242 (a+B) alloy has been used for aircraft engine components such
as disks and blades, because it has an excellent strength/weight ratio at high
temperatures. When this material is forged to manufacture disks, process
parameters should be carefully designed to control strain and temperature
distributions within the process windows by which desirable mechanical
properties can be produced. In the present investigation, it was intended to
design the process parameters for a conventional hot forging of this material by
using a rigid-thermoviscoplastic finite element analysis technique. It was
assumed that the process was performed by a screw press which is capable of
maintaining a constant ram speed during loading. From the analysis result, it
was found out that the initial temberature of the workpiece and the die shape
were important parameters to control the forging process. In result, these
parameters were properly designed for hot forging of a disk with specific
dimensions.

Key Words: Process Design, Titanium, Hot Forging, Disk Forging, Finite Element
Method, Screw Press, Rigid-Thermoviscoplasticity
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ore A} e EZEZRS AMESlY] AxiEA R JANE RS Hoge g 7
A7tk A HattR (closed die forging) 2# | F WA £&4H2] EE&Y
7t dYEYElT FHEHPRA s1Fo] FF3A o= dte] &Y ZH 2T}
»e3t Aol EAdeR eyt wety £ dAFdiEe FFAEAAE malTtRolA
2§t Z(open die forging)® A#sl] 3132 FF5& B3tA T o] FF
23 A&t AAHE Yol AdiA WRATOR olE WA fI%t s
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B dFolM AHH axiE AE 200mm, o] 300mme! YFFFolw AsHE FI
8 &2 250°CE 7H¥stadch ARFEE 500mm/secd] SR SHSIH S &
32 FAFH otk P A FHH AEEE F8HE feledolth o
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kiw = 288 N/S/K (£218) 43 A<)

kip = 185 N/S/K (¥ d3= AF)

pew = 454 N/mm’/K (£312] A vled)

pcp = 352 N/mm“/K (Z82] AT wdd)

og = 284+10°"° N/mm/S/K* (Stefan-Boltzmann constant * emissivity)
h = 0009 N/mm/S/K (thF d3d Al

hws = 7.0 N/mm/S/K (F8A1e] e A)

m = 03 (&2et FBFZEFY vpHAS)

ElEleFY ©2A] dsle 2R /5L A (shear band)®] FE)
d 71EF R E AT AR JdAHE olgE &
AEEYY 2o HY ol oyt U FARAEFFEY, 2IIRE, 28
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o|eto] ElEtEYF TRIFAL Hiolgox £8P A AYe] gl 38 n)
MNTZ7t BRFHES FERAE dABIoF Tt olegt AE M= X2
ol Azfe) WP Ay LEFX A= 43S 3] NP 4+ glojo}
el ol HAAY F3R 430 (rigid-viscoplastic finite element analysis)2} @&

T3t A3 (heat transfer finite element analysis)S AT R J7153tA HA
T ol23t AV SRR FTHARALNAN FEAELS Y 5 UA HA
2, EZ A3} HES ALY 4 AA HAoOM dcizzR g s ¢
oy B A3 F ud G7AAA {eAs TEOBS 1Lt o] 2
of AHEH J|EolE3 FafAIAES BIEH aAE] AmEo o
Hag WP dALso] ALEH J}F2HRA] (weighted residual equations)

Ch3 k.
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3 2 A

Min: 869
1: 879
2: 889
3. 899
4: 909
5: 919
6: 930
Max: 940

Min: 841
1: 860
2: 878
3. 897
4: 915
5: 934
6: 952
Max: 971
Min: 838
1: 858
2: 878
3: 898
4: 918
5. 938
6: 958
Max: 978

Min: 847
1: 870
2: 893
3: 917
4: 940
5: 963
6: 987

Max: 1010

Fig.5 Predicted temperature distributions
at various strokes(Bgs’ n 1):(a)100mm,
{b)200mm, (c)240mm, (ds 80mm

Min: 0.06
1: 0.16
2: 0.26
3: 0.36
4: 0.46
5: 0.56
6: 0.66

Max: 076 Fig, 6 Predicted de{

strokes(Design 2):

Min: 024 (¢)240mm, {(d)260mm

1: 0.51
2: 0.78
3: 1.06
4: 133
5
[}

80mm, {(b)200mm,

o 161
: 1.88
Max: 2.16

Min: 0.43
1 0.77
2: 110
3 1.4
4: 178
5
[3

1211
1 245
Max: 2.79
Min: 0.67
1: 1.05
2: 1.43
3: 1.81
4: 2,19
5: 257
6: 295
Max: 3.33

Fig.7 Predicted strain distribu
at various stroke (?esign ZZZSa
Tci2 d4)2

tions

100mm, (b)200mm, 40mm, Omm
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Min: 843
Min: 861 1: 855
1 8712 2: 867
2: B84 3: 879
3: 895 4: 891
4: 906 5: 903
5: 918 6: 915
6. 929 Max: 927
Max: 940
Min: 841 Min: 814
1: 862 1: 837
2: 882 2: 860
3: 902 3 883
4: 922 4: 907
5: 943 \ 5 930
6: 963 | \ 6 953
Max: 983 [T 0\ M Max: 976
Min: 830
1: 854 Min: 800
5 2: 817 1: 827
3: 901 2: 853
4: 925 3 850
AB 5: 948 % 907
6: 972 5: 934
Max: 996 6: 961
Min: 833 Max: 988
@ 1: 857 ‘
4.5 2: 882 Mu'l\: gg‘:
3: 907 d .
‘ . - 4: 931 @ 2: 259
3 . 3: 886
— : > j 2: ggg . — 4: 914
Max: | 5 s: 941
P8 A 6 968
Fig.8 Preglcted tempera&ure distri- Max: 996
utions at various str
© ﬁgﬁilgn Fig,9 Predicted deformations at

various strokes(

) 100mm, (b)200mm, (c)2
%d)éﬁ mm 100mm, (b)200mm, ?SI§4Om& ((&)
260mm’
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