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Abstract

In this study, the first drawing die for the production of coil wedge is redesigned in order to enhance properties such as
dimensional accuracy, dimensional uniformity, non-magnetism, and residual stress. The equivalent strain distribution is
observed to be asymmetric at certain corners of the product and un-filling of material is also observed at the same location,
based on the results of FEM simulation for the current drawing process. Additionally, a relatively huge amount of
deformation is concentrated on the surface of the reference product leading to an increase in magnetic component and
surface residual stress. After re-designing the cross-section of the first drawing step process conformed to relatively higher
amount of reduction ratio, reduction of both surface residual stress and the volume fraction of magnetic component could be

achieved for the finally-drawn coil wedge product.
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Fig. 1 (a) Slot configuration of generator field including
coil wedge
(b) Process flowchart for coil wedge production
(c) Cross-sectional view of coil wedge
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Table 1 Cross-sectional area at each drawing step

Measured area(mm?) R.A(%)
After shape rolling 1342.251 -
1% step drawing 1259.841 6.14
2" step drawing 1123.369 10.83
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Fig. 2 (a) Location of tensile specimen from the material
before 2" step drawing
(b) Flow curves from various sample locations in
the material before 2" step drawing
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Table 2 Tensile properties from various locations in the

material before 2™ step drawing

YS | UTs | EL YS | UTS | EL
(MPa) | (MPa) | (%) (MPa) | (MPa) | (%)

S1| 355.1 5953 | 725 S8 | 2549 625.0 | 81.8

S2 | 2355 6043 | 862 | Cc1 | 2334 606.9 | 83.9

S3 | 236.9 612.7 | 823 | c3 | 2338 598.6 | 86.5

S4 | 247.2 616.6 | 83.6 | M1 | 235.0 596.6 | 86.0

S5 | 2394 613.2 | 86.4 | M2 | 2329 586.7 | 83.0

S6 | 262.3 6082 |822| O 227.3 603.3 | 80.3

S7 | 245.0 621.1 | 804
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Table 3 Condition in FEM modeling for 2-step drawing

Condition
Problem definition 3D full model
Element size 2 mm
Drawing speed 100 mm/sec.
Billet temperature 20°C
Die temperature 20°C
Coulomb’s friction coefficient 0.10
Constant shear friction 0.20
Heat transfer coefficient bet. billet and dies 2000 W/m?K
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Fig. 3 (a) Effective strain distribution after 1* drawing

(b) Effective strain distribution after 2" drawing
(c) Contact distribution after 2" step drawing

22F IE xWe] #&she 13k F&E EEE
Fig. 4° YeRATh QIIE Ad SdolAe] 1a+
T8 #@ std FLAAY 1A F=EEH @S 7
7t A RHY FRFo R st AFHYEH 27
A A Ads deEdiden, #&8 Exo o
4S 7HAste] E% duke] Ak w7|sHiTh
gz g er wU)E T ORES 13 FE
Ho| =7 Yehd A=, o A T g7 o
o] £l 3T F99 AEE "ojrd el
) )

(deformation-induced martensitic transformation) = H| =}
4 5E4E A% AsAE ArHs6]. W, Azt e
2 OE/E RBEe W 13 £8¥L Hol: RO

2, A w4 A Bl aAF AYHA &
N

i >

2
4 =
2



SUS304N = %] vt g AA, Az L H7} 215

= I o2z WEYyE BxvE= zbz 11 9d 2% <l
g W F g g MYE B2 oudit A7 < A
Py o vl U WEE B A gL o] g
£ om, 23} QUHE mAE] ARo|A ko] HYF LS
El Bolal Qe whA M7 ¢t Be A 13} QWE o
£ W ogEEe mAge A g WEE REE
= % Helal glrh ole] wE AL Fig. 5(c)llA ek 2
oo 20 40 60 g 100 o] AR mxE FWe] A7} AYAA = AA

Length from start point [mm]

—_ =

Fig. 4 Distribution of the 1% principal stress around
surface of the 2™ step drawn product
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Table 5 Tensile properties of 2" step drawn coil wedge
for present process and design A

YS UTS | EL YS UTS | EL
(MPa) | (MPa) | (%) (MPa) | (MPa) | (%)
Present process Design A
S5 715 813 |[29.1]| s5 644 769 | 35.2
S6 666 805 | 314 | se 638 764 | 36.2
S7 689 854 24.8 | s7 734 825 27.7
S8 747 841 25.7 | S8 703 798 314
1200 5
— Residual Stress_2" drawing @
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Fig. 7 Residual stress of cold drawn products with pre-
sent process and design A
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http://cfaspower.com/07_TurbineGen.pdf.
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