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ABSTRACT

This thesis describes a research on the non-traditional working
techniques to be used for higher level and lower cost production of
mechanical parts. The new techniques are achieved by adding the new
working energy and the control of working force to the conventional
techniques.

Part I presents a new bending technique for formed sections, com—
bining the rotary bending and vibratory impact working. It largely
improves wrinkles, breakage, and undesirable distortion of the formed
sections, and, accordingly, the limiting bending radius can be extraor-
dinarily reduced. The optimum vibratory impact condition is determined
by the experiment and the analysis of a model of vibration system. This
technique is applied to the manufacture of various automobile parts.

Its further extension, proposed and tested, is to pass the formed sec-
tion forcibly between two specially designed rollers to obtain the
desired radius of bending.

Part II introduces non—-traditional shearing methods which improve
the quality of the sheared surface. The first one is to add ultrasonic
vibration to the shearing tool. An experiment on aluminum shows that
significant improvement of edge-fall off is obtained by controlling
working conditions and ultrasonic power, and that the shearing mechanism
under ultrasonic vibration is by plastic fatigue by the repeated impact
forces. The second method, application of high velocity shearing of the
order of 2 m/sec., is effective to mild steel and spring steel plates
but not to aluminum plates. Observation of arrangement of dislocatiomns
shows that the high velocity shearing changes the shearing mode from
ductile to brittle fracture. Thirdly, a new coining type shearing
method is proposed to obtain a flat surface slanted against the shear

direction. The optimum shearing conditions are found to make the weft



guides for the air jet loom. The new manufactured weft guides have no
problem in actual use.

Part III is concerning a new technology to use the microwave energy
to heat and join compatible ceramic bodies. A special rectangular
cavity is made and a precision method to measure the dielectric constant
and electric loss factor of ceramics is established. Butt joining of
sintered alumina rods by microwave heating is successfully carried out
at around 1750°C without soider. A microscopic observation shows that
only the grain boundary phase between alumina particles reaches to
melting point to accomplish the joining.

Part 1V is concerned with a fundamental study on the restraining
of wrinkles generated by non—uniform stretching in the process of sheet
metal forming. A biaxial diagonal tensile testing machine is made and
behavior of wrinkles is precisely examined. The experimental data and
the stress analysis show that surface defects and body wrinkles can
be restrained by controlling the biaxial loading ratio and mechanical
properties of materials. Validity and usefulness of the above study

are verified by an experimental production of automobile door panels.
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F JT e A C D
IREERHER Wr (kgf) 3.23 12.8 3.64
RO IROFESE e max  (mm) 7.0 31.6 7.0
fRlEROROER We (kgf) 0.61 1.66 0.61
Iz Lol hesk k Ckgf /mm) 3.2 14.8 3.2
IREADEE M e Wn (rad/s) 100 106 93
BRI/ ROKEEX  Pv max/n (kgf/rom) | 43/3000 | 336/2400 | 43/3000

* 1.2.2 s
¥ & o B REGm) | *
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(SPHC) (F1.1.2 1B)
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(A1100P-0)
# 1.2.3 HHAMROWENHHU SRR
7 B JEREATE | BIARDRE | MEMTEYS (9%6)
(kgf/mm2)
0° 12.6~12.8 10.0~11.4
A1100P-H12 90° 13.3~13.7 9.2~11.0
45° 12.3~12.8 5.6~ 8.4
A1100P-0 0° 8.7~ 8.9 45.0~146.0
% 1.2.4 Pso¥xPso* Dbk
¥ & n (rpm) | Pv(kef) | Pso (kgf) | Pso' (kgf) | Pso/Pso*| v (m/s)
2450 20.8 6.4 ~ 8.0 4.7 1.4~1.7 10
A 2450 18.1 4.8 ~ 8.0 4.1 1.2~2.0 10
(6.5) (1.6)
3250 32.0 12.8 ~16.0 9.7 1.3~1.7 5
D 2450 18.1 7.2 ~ 8.8 4.5 1.6~2.0 2.5~10
(8.0) (1.8)
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A 15.2 30.8 46.2 0.239 1.92
B 16.4 31.2 46.6 0.234 1.88
C 18.9 32.4 43.7 0.218 2.11
D 29.5 42.1 33.1 0.181 1.66
E 20.9 38.5 39.2 0.262 1.95
o 21.7 45.3 38.1 0.222 1.10
G 22.1 35.3 36.9 0.225 1.37
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