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Recent trends to reduce the size of mobile electronics products have driven miniaturization of
various components, including screw parts for assembling components. Considering that the size
reduction of screws may degenerate their joining capabilities, the size reduction should not be
limited to the thread region but should be extended to its head region. The screw head is usually
manufactured by forging in which a profiled punch presses a billet so that plastic deformation
occurs to form the desired shape. In this study, finite element (FE) analysis was performed to
simulate the forging process of a subminiature screw; a screw head of 1.7 mm diameter is formed
out of a 0.82 mm diameter billet. The FE analysis result indicates that this severe forging
condition leads to a generation of folding defects. FE analyses were further performed to find
appropriate punch design parameters that minimize the amount of folding defects.
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Fig. 1 Dimensional configuration of subminiature screw

(a) 3-D shape

(b) Dimensional parameters

Fig. 2 Configuration of the forging punch

Table 1 Dimensions for initial punch design (unit: mm)
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Fig. 3 Stress-strain curve for the SWCH18A wire
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(a) Effective stress distribution (unit: kgf/mm?)

(b) Flow lines with a folding defect

Fig. 4 Simulation results for the head forging process
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Fig. 5 Example of the folding defects in head forging
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Fig. 6 Flow lines with a variation in the bit angle
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Fig. 7 Nodal velocity distributions according to the bit
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Internal defect External

N defect

Fig. 10 Definition of the internal and external defects
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Fig. 11 Changes of the internal and external defects
with variations in bit design parameters

F vk SNAFe wER fwrh AREE 3
28 A9E Hole W MER wiF o] Wit
T ARl g nYSs & F A =¥
Widdhs oRdde] e AFdFE 1o 274
Ags FEHoR st Hadtele Wgow
AAZE s oo & Aow debdn

4. YEEFE HHE AT HALA HHE

Table 2 Comparison of the total defects for various
combinations in bit design parameters (unit:

mm)

0.55 | 0.56 | 0.57 | 0.58 | 0.59 | 0.60

35° 1 0.021 | 0.024 | 0.015 | 0.019 | 0.031 | 0.043

36° | 0.012 | 0.008 | 0.022 | 0.025 | 0.042 | 0.057

37° | 0.008 | 0.006 | 0.026 | 0.036 | 0.049 | 0.055

38° | 0.008 | 0.022 | 0.035 | 0.045 | 0.047 | 0.061

39° | 0.017 | 0.027 | 0.042 | 0.049 | 0.059 | 0.077

40° | 0.025 | 0.041 | 0.044 | 0.052 | 0.068 | 0.082

Az AARF] w2 UFo} R Astge] A
| S8l AAES HER 45E 35
.55 ~ 0.60 mm Akolell A F7HAI A7k
B AAEAS WA 27k AAdg| o
d 67k 89 Wgles Fojste] F 367FA 2ol
Ty HHgE e
sto] Z7]9} 9% ATt A
715 ©3t &= A3 (Total defect, dop) = 2743}
St} Table 200 3671%] A A ote]| vt &= Ageko
715 vuslgon, HEXR Zx 37° 4k 0.56
mm? A7} F A&l 0.006 mm=Z 7 ZHA
Yeht 7 2o xFgor wdREt Ay Ay
= Z71EAAEE 36°, W 0.55 mm)oll A2 F A
S E0.012 mm)] 172 S50l 93
A7) A9 BEUER gl FHH3tE 9wk
W EAS AAS T g He W 23
2oz olglel Fo] m=EFAoH, 3729
|55 93.7%= AlitE o] A e IARE
7HsE Ao w e

0
N
S

- [=]
=
o
tlo
=)
i

i, o

12 o2 Lo
O o R

8o = 7.62217 +0.00087346% —12.03r n
—0.124560 +0.111976 + 5.452
Fig. 120] 349 WS WS SuAER &
ST AHrH o HERS] Zbwo} whgo] 7t
St2 & Aol fAsteE Aoz Yy,
7HA] Qs ARG E Hb o] v ETl &
o2 BAHT 7] HSEHS ALEste F
37°, ¥4 0.555 mmE

"
N
NS
1
-0,
o,
oft
Sy
o oo o oo oW oo B 2>

gol 0.004 mm = dFHo] 367149 =T 4
o] 7b4 2wl 739-0.008 mm, ZHE 37°, uh
0.56 mm)2] 2/3 FFo 2 AP S It



ol

g USS3|X| M 32F M 6= pp.509-515

June 2015 / 514

0.08

40 E
E 06 0.08
po4 0o 0.07

39
0.06

38 0.05

01

a7 0.04

Bit angle (deg)

0.03
36

0.02

35
0.55 0.56 0.57 0.58 0.59

Bit radius (mm)

Fig. 12 Contour plot for the response surface

(a) Internal section

(b) External surface

Fig. 13 Experimental investigation of the forged parts
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