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A high-speed stamping technique with electromagnetic drive for making micro-
core with regular and considerable amounts of the microdimples

TR R SRR Ry

Mz pRaag imleys
“E-mail: cim8342@gmail.com

#&

AT g R FNMD LRI BB OB IBEFCR N R R R AT ERE R R D
R AL MRF T IRSRE D EL A TRSE TR B9 AT AR B
?; BTN 0 W DA A3 0 120 Hz hB AE T 52k R o BRI 4 BRIF ER 2 T BB D
SA T A B R L S B AR AR ER o B4 1 B R OFER B0 iy o R X B B 0 R
A AN R e g | BER o BrEr e b K VO Alehk 2 3B ¥ ﬁiﬁfﬁﬁ’f?’ B i i
BREE OV AR T RMESR o i pha BdF - P d R M ERMERDEER R 2 e
HE S o CNC BAEfrEr o 5L 72k AV > R T 6 2 2haf g cnfie B s 2 T pER
=)0 WP R AT ALY RO T PR r AR

FEHREEHET > 22400 BREDZERG MR > FFET 344 0 & MR E R
#o KA ke rs—ﬂ]%‘ P R A E BRIt E 2 & Fid 96%;m W RN E & A
Ajeni ol £ 5 BT E 99%;d K Apf S o X R aiciic R & 5 0 TR g m%&) B iE#
Bppimit® BRI AR A R A RBE T RS ST Pf#%. |

PRI O3 IEbern L3 3 RREF-RE L EFHBF 2 L M o
EHELYE
M4 TSRS ~ EPAE ~ BB~ O

‘\“‘}r ;“f{

9
N‘\

(:,,,,

<

‘ld." ~=\

Abstract

A high-throughput stamping process technology is proposed for high-speed manufacturing of
regular, accurate microdimple structures in large quantity. Due to the alternating nature of AC power
and magnetic effect of current, the designed electromagnet is capable of creating sine vibrations at 120
Hz. Acceleration increases instantaneously when a tungsten carbide stamping head is subject to the
electromagnet’s sine vibrations, resulting in a jerk motion increasing kinetic energy of the stamping
head. Desired shapes and depths are realized as the stamped material is subject to high-speed impact
from the stamping head. To provide timely grinding with spherical and aspherical stamping heads, an
on-process grinding mechanism is designed on the CNC high-frequency stamping system, where on-
process calibration is not required for the stamping head and attached residues are removed instantly.

It took only 3.4 seconds to finish an array of 400 highly regular aspherical microdimples with no



burring around the dimples; in addition, the form of the arc length is 96% consistent with the design.
The arc length of the stamping head overlaps nearly 99% the formed arc length. Metallographic testing
shows that the proposed stamping jerking technique produces grain refinement and grain boundary
indentation on the surface of stamped microdimples that prevents dislocation and expansion of micro-
fractures. Moreover, compressive stress makes the lattice structure of stamped material more solid.

The study proves that this high-frequency electromagnetic stamping technology combines high speed,
density and consistency with an outstanding transcription-rate.

Keywords: electromagnetic drive, Jerk, high-throughput stamping process, microdimple
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Parameters Conditions
Mains voltage (Ve) 110V




Input current (I) 0.05A
Total magnetic flux density (Brotal) 1.82T
Electromagnetic coil (Ncoit) 4,100 turns
Magnetic permeability (o)  4nx107 T-m/A
Thickness of Si-steel sheet (tsi) 0.35 mm
Electromagnetic force (Fm) 6.3 N

Side block Cross-section view High-speed
Stopper ‘ Silicon steel lamination core stamping module

Electromagnetic coil
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Mechanical properties
Parameters | Tempered 6061 Al | Tungsten carbide (WC)
alloy (Workpiece) | (Stamping head)

Density 2.7 g/em’ 15.63 g/cm’
Hardness 40 HRA 91 HRA
Young’s modulus 61.3 GPa 620 GPa



Shear modulus 28 GPa 270 GPa
Yield strength 1654 MPa 5.0 GPa
Fracture toughness 28 MN/m?? 3.7 MN/m*?

Poission’s ratio 0.34 0.21
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Parameters Conditions

Actuating frequency (fa) 120 Hz

Pitch of microdimple (Lup) 300 um
Spring stiffness (ks) 19.2,9.1,2.7,2.2 N/mm

Workpiece feed-rate (Fv) 2,160 mm/min
Maximum depth of microdimple (dq) 20 um
Workpiece material Tempered 6061 Al alloy
Tool material WwC
Coolant Dry air
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Actuating frequency (fa) 120 Hz
Spring stiffness (ks) 2.7 N/mm
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Workpiece material

Coolant

Tempered 6061 Al alloy
Dry air
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