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Fig. 1 Developed plastic joining method for fixing a bar

with a forged plate, “indentation joining”.
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Fig. 2 Tools arrangement for indentation joining with bar

oscillation on servo-controlled press.
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Fig. 3

indentation joining with bar oscillation on servo-controlled

Changes of ram position and ram speed in

press.
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temperature in indentation joining).

EWMA~MEAT Z &N TE TGS, BT IS
BECTH o7, Fig. 5 ITHEMRALREORMIRE, WEL
AR IR KES, HIAHAGEOFREE EHHLOETR
T BB I L OREIAZEES T, %/Dp=1.01E T =
300°C LL_k, #p/Dg=1.25 1 Tp = 500°C THA IZEBHELEH
EALIRDLZ 2L, MMA~DOALBEAS R FIETH
ST, —7, tp/Dg=1.5 TI& Tp = 500°C |ZBW\ T A
~OREAABNRETH - 7.

—
[\
[
(=]

Solidus line of a
plate material

1000 — D
¢
\Bar fattening| @ 1.0 ‘
800 |— (Failure) |7 1.25]:
57

00— / -
O

[ el

400 —
200~ ™ Proof stress of
bar matelrial o

l
0 i
100 200 300 400 500 600
Plate temperature in indentation joining 7 /°C
Fig. 5 Relation between plate temperature and indentation
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pressure (oy, = 275MPa).
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Fig. 6 Relation between shear bonding stress of indented

bar—plate and amplitude of bar oscillation (#/Dg = 1.0, Tp =
500°C).
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corner of indentation and amplitude of bar oscillation (tp/Dg =
1.0, Tp = 500°C).
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Fig. 8 Relation between shear bonding stress of indented
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bar—plate and plate temperature (Number of oscillation: four

times).
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Fig. 10 Shear bonding stress of indented bar into plate
with/without slits (¢/Dg = 1.0, Tp = 500°C, number of

oscillation: four times).
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(tp/Dg = 1.0, number of oscillation: four times).
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(b) Amplitude of bar oscillation: 2.0mm
Fig. 12 Indentation pressure during bar oscillation (/D =

1.0, 7p = 500°C, number of oscillation: four times).
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Fig. 13 Cross-sectional views of interface of indented bar—
plate (#/Dg = 1.0, Tp = 500°C).
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Fig. 14 Average temperature of bar—plate interface during
indentation joining (z%/Dg = 1.0, Tp = 500°C, number of

oscillation: four times).
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Fig. 15 Average equivalent strain of plate around bar—plate
interface during indentation joining (#p/Dg = 1.0, Tp = 500°C,

number of oscillation: four times).
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