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Numerical Analysis and Experimental Study of Thread Rolling
Process for Micro-sized Screws(Part I1: Application to a
Micro-screw with Diameter of 800um)
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SCrews.

Abstract

In this paper, it is proposed to produce high precision screws with a diameter of 800 um and a thread pitch of 200 um
(M0.8xP0.2) by means of a cold thread rolling process. In this part Il of the study, the focus is on the production and
reliability testing of the prototype M0.8xP0.2 micro-screw. Designs for two flat dies were developed with the aid of the
literature and previous studies. Process parameters during the cold thread rolling process were established through FE
simulations. The simulation results showed that the threads of the micro-screw are completely formed through the rolling
process. Prototype M0.8xP0.2 micro-screw were fabricated with a high precision thread rolling machine. In order to
verify the simulation results, the deformed shape and dimensions obtained from the experiment were compared with those
from the simulations. Hardness and failure torque of the fabricated micro-screw were also measured. The values obtained
indicate that the CAE based process design used in this paper is very appropriate for the thread rolling of micro-sized
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Fig. 3 Schematic diagram of thread rolling tool[9]
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Fig. 4 Flow stress curves of SUSXM7 from experiment
and interpolation by Hockett-Sherby model

Table 1 Chemical composition of SUSXM7(wt%b)
C Si | Mn P S Ni | Cr | Mo | Etc.
008 |10 | 20| 004 |003| - |115| - -
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Fig. 5 Deformed shapes of the M0.8xP0.2 micro-screw
during the thread rolling process

Fig. 6 Closed views of the workpiece and tools at the
end of thread rolling process
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Fig. 7 Distribution of effective plastic strain
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Fig. 8 Load-stroke curve for the thread rolling process
of M0.8xP0.2 micro-screw
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Fig. 9 Comparison of dimension between: (a) design
specification; (b) analysis result
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Table 2 Design specification of thread rolling system

Spec. Content
System size [mm] 2200x1200x1450
Weight [kg] 3250
H/W
Die size [mm] 170/150x80x%31
R.P.M. 120x150
Driving Main motor 7.5kW, 4p, 10Hp, 60Hz
device Hoper motor 0.4kW, 0.5Hp, 60Hz

@) (b)
Fig.10 Experimental set up for M0.8xP0.2 micro screw:
(a) equipment; (b) fabricated die sets
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Fig.11 Picture of the produced M0.8xP0.2 micro screw:
(a) real view; (b) closed view

Fig.12 Measurement of typical dimensions of M0.8
xP0.2 microscrew
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Fig.13 Comparison of deformed shape between

experiment and simulation
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Fig.14 Evaluation of fabricated M0.8 xP0.2 micro
screw: (a) hardness; (b) failure torque
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Fig.15 Hardness and failure torque of fabricated

MO0.8 xP0.2 micro-screw
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Table 3 Design specification of thread rolling system

Allowable value 3D scanning data FE
Parameters Spec. .
lower upper 1 2 3 4 5 Avg. analysis
Length b 2.0mm 1.85 2.00 1.94 1.94 1.94 191 191 1.93 1.83
Rolling c 0.8 mm 0.75 0.85 0.76 0.75 0.75 0.76 0.76 0.75 0.75
Pitch d 0.2 mm 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Screw angle| e 60 ° 61.5 57.5 61.3 57.8 58.6 60.0 61.0 59.74 60.2
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