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Design of a Multi-Step Warm Heading Process for Subminiature Screws
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A multi-step warm forging process for subminiature screws is investigated. Due to the low formability of Titanium alloys, bit
forming of Titanium screws is difficult by cold forging. In order to overcome this low formability of Titanium alloys, two can-
didate processes, i.e., multi-step forging and warm forging are introduced. First, a multi-step (two-step) forging process is
investigated. The punch shape and stroke of forging during the first step is designed via various analyses. Finally, the bit
formability is investigated at different forging temperatures. Analyses are carried out for two-step forging at various tempera-

tures and the formability under these thermal conditions is compared.
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Fig. 1 Examples of forming defects of subminiature titanium screws
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Fig. 2 Configuration of the two-step head forging processes: (a) The
initial billet, (b) The intermediate preform, (c) The final
product

H1

34 & T Ptk 27] 249 Lo L= FulE 1
ato] 2.15 mm= AAsIAch 7] A2 AL 0.68 mm o]
oh. oheh T FAoA AA W 13 389 |A] 34 (Fig.
29 Lo - Lyat d2] Folth. Fig. 2(0)9] Loz HF 3ol 9
3 02 mm=2 AHEc) Fig 3 13} @ FHo)A HES A
A BFe 2ot a71A] Aol disl s xl=yste] 7
d@0l 2 495 AAskgt
&A= Titanium Gr. 42 $9-H3& JAS A ES &
S|4 FHstof ARESIGITE. Fig 4= AlRRE €
ok EaE WS SEiA AeE AT ARE 25=
oA AlFTE A (CW_T25°C), Y7k %= 400°Cofl A 30:3t
AAest 22 25, 150, 200, 250%=004] Algst Ax}t (zzh
CWHHT 25°C, CWHHT_150°C, CW+HT _200°C, CW+HT 250°C)
oltt. Fig. 4oll4] CWi= W52 HT= EAHZE 9fu|3ich
S 8BS o gslo] T diAS aEkglct.
[e]

AFDEX 3D olgs}o] alsin, 9iae] 827

.

0.16

(@

0.3 v

© |oa @ [

Unit : mm

Fig. 3 Punch shapes for 1st preforming: (a) Model 1, (b) Model 2,
(c) Model 3, (d) Model 4
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Fig. 4 Stress-Strain curve of Titanium Gr. 4 at various temperatures
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Fig. 5 Deformed shapes after tensile test: (a) CW_25°C, (b)
CW+HT_25°C, (¢) CW+HT_150°C, (d) CW+HT_200°C, (e)
CW+HT _250°C

Table 1 Tensile test results and predicted critical damage

Materials Elongation  Area reduction Critical

(%) ratio (%) damage
CW_25°C 16 24 0.96
CW+HT 25°C 23 26 0.98
CW+HT _150°C 23 30 143
CW+HT 200°C 24 32 151
CW+HT 250°C 20 35 135
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Fig. 6 Deformed shapes and predicted damage values after tensile
test analysis: (a) CW_25°C, (b) CW+HT 25°C, (c)
CW+HT_150°C, (d) CW+HT _200°C, (e) CW+HT_250°C
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Fig. 7 Deformed shapes after final forging for various L,

(b) After 1 step

(¢) During 2 step (d) After 2" step

Fig. 8 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 1)
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(a) During 1% step (b) After 1%t step
(c) During 2" step (d) After 2" step

Fig. 9 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 2)
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Fig. 10 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 3)
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Fig. 11 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 4)
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Fig. 12 Deformed shapes and predicted damage after final forging
for various temperatures: (a) CW_25°C, (b) CWH+HT 25°C,
(¢) CWHHT _150°C, (d) CW+HT 200°C, (¢) CW+HT _250°C
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Table 2 Maximum normalized damage values for various forming

temperatures
Materials and forging Normalized
temperature damage
CW_25°C 0.75
CW+HHT 25°C 0.69
CW+HT _150°C 0.50
CW+HHT 200°C 0.47
CW+HT 250°C 0.53
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deiZQl ol ERt £A4S slalat gtk Table 29 sjA o=
AT o EYEE foFsto] 7)Esieit. 7aEske w9
A2 4 (CW_25°0)9] - &4=7F 7 & 0757} <>=ﬂZ°l
=oich. 7HeAskE ARE A EEte] ARollA Al
(CWHHT 25°C)olli= &4 %27t ok &7]= PARE oJ438] 0.69
7h oSl =itk ExfEof osf dAlEe FA FUIRANE &
AE7E A EA G olfie YAKASE Frol STSHAl sk
7] wizelct (Table 1) Ao e #d AAES F7IA
g, SRR us Aok SEoA Y] Fof S5 HEES
A F7FHA 97 Wt o' AbmElct. oAl Hof BYES
A4l Hobe & 580 7HthaL & 5= Qlck. gA2of 9
3 T 4==g0] nju|sA Z71Eck (Table D).

27F A8 a4 A3l Figs. 12(c)5E 12(e)ollA= o &
A7} oF 0.50]t}, o] AL ThH 42E-80] 150, 200, 250°Co||A]
30 -35%2 Z71)7] gjEoR Alagch AnpEon o £4b
T AAERTE W 58] o8 Aol Hal, 27 A4
oM T 58] A7] wjiel =T WA dSo] HE
o 4= Qlrh oA T Ao Tk K919 i wggol] 1t
&of| BAE7] Wito 2 AL Fig. 129} Table 204 &4
T} 7P 2R A9 200°Co) A ATt A0S o 42 9lrt.

e

N

o g
ox
e
i
ot
% ]
s |
f;
i

o
&)
x
=)
o
nl

uu)

EN c

>

oo G
o m

iy
ok
ox

s
oft
<
£Q,
-9
ox

%

¢

&%

S

)

S

S

)

2z

Hl

<
1-'—'~n.1

fr okl ot

oo N

% lo oI
o 2 =0

£
i
i}

<
& 4 et

ACKNOWLEDGEMENT

e

Ates AT Asdt A (ST ledAl

EJARY, TS 10045724)2] AP0z 3E AT,

2

REFERENCES

1. Ra, S. W, Kim, I. R, and Hwang, S. T., “Study of Production
and Material Properties of Micro Screw Using SWCH18A and
SUS XM7 Materials,” Transactions of the Korean Society of
Mechanical Engineers A, Vol. 38, No. 9, pp. 1043-1048, 2014.

2. Min, K. B., Kim J. B., Park, K., and Ra, S. W., “Evaluation
of Clamping Characteristics for Subminiature
According to Thread Angle Variation,” J. Korean Soc. Precis.
Eng., Vol. 31, No. 9, pp. 839-846, 2014.

3. Choi, B. H., Kim, H. J., and Kim, J. H., “Study on Fastened
Properties by Applied to CFRP Laminates of Subminiature
Screw,” Transactions of the Korean Society of Mechanical
Engineers A, Vol. 38, No. 11, pp. 1239-1243, 2014.

4. Jeong, J. H, Lee, H. K., Kim, J. B., and Park, K., “Thread
Shape Design Using Joining and Release Analysis of Bolts,”
J. Korean Soc. Precis. Eng., Vol. 32, No. 6, pp. 523-528,
2015.

Screws

5. Lee, H. K, Park, K., Ra, S. W,, and Kim, J. B., “Prediction of
Joining Torque for Bit Depth of Subminiature Bolt,”
Transactions of the Korean Society of Mechanical Engineers
A, Vol. 38, No. 8, pp. 917-923, 2014.

6. Bhattacharya, A., Sen, A., and Das, S., “An Investigation on
the Anti-Loosening Characteristics of Threaded Fasteners
under Vibration Conditions,” Mechanism and Machine Theory,
Vol. 45, No. 8, pp. 1215-1225, 2010.

7. Pai, N. and Hess, D., “Three-Dimensional Finite Element
Analysis of Threaded Fastener Loosening due to Dynamic
Shear Load,” Engineering Failure Analysis, Vol. 9, No. 4, pp.
383-402, 2002.

8. Kim, J. B., Seo, W. S., and Park, K., “Damage Prediction in
the Multistep Forging Process of Subminiature Screws,” Int. J.
Precis. Eng. Manuf., Vol. 13, No. 9, pp. 1619-1624, 2012.

9. Choi, D. S., “Design of Cold Forging Process of Micro Screw
for Mobile Devices,” Journal of the Korea Academia-
Industrial Cooperation Society, Vol. 16, No. 6, pp. 3692-3697,
2015.

10. Lee, J. E., Kim, J. B., and Park, K., “Finite Element Analysis
for Improvement of Folding Defects in the Forging Process of
Subminiature Screws,” J. Korean Soc. Precis. Eng., Vol. 32,
No. 6, pp. 509-515, 2015.

11. Cockeroft, M. G. and Latham, D. H., “Ductility and the
Workability of Metals,” Journal of the Institute of Metals, Vol.
96, No. 1, pp. 33-39, 1968.



