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Development of Automatic Filling Process for Rapid Manufacturing
by High-speed Machining Process
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ABSTRACT

Recently, in order to satis{y the consumer's demand the life cycle and the lead-time of a product is
to be shortened. It is (hus mupertant 1o reduce the time and cost in mawufacturing trial products. Several
techniques have been developed and successfully commercialized in the market of RPM(Rapid Prototyping
and Manu facturing). However, most commercial systems currently use vesins or waxes as the raw materials,
S0, the limited mechanical strength for functional testing is regarded as an obsilacle towards broader
application of rapid prototyping techniques. To overcome this problems, high-speed machining technology is
being investigated worldwide for rapid manufacturing and even for direct rapid tocling application.

In this paper, some fundamental experiments and analyses are carried out lo obiain the filling time,
materals, method, and process parameters for HisRF process. HisRP is a combination process using high-
speed machining lechnology will automatic filling. In filling process, Bi58-Sn alley is chosen becanse ol the
properties of low-melting point, low coefficient of thennal expansion and enviromenta] friendship. Also the
use of filling wire is of advantage in term of simple and flexible mechmsm. Then the rapid manufacturing
product, for example a skull, is machined for aluminum material by HisRP process with an automatic set-up
device of 4-faces machining.

Kvy Words : High-Speed Machining (2% 71-&), Rapid Prototyping Manufacturing (REM, 2|2 A= = 2],

Automatic Filling PIOCCSS(;"]'E =2 F3), Bi52-Sn (%)), Low Melung Poinl Melal{ 4§43 &
2+, Set-up Equipment(A<4 3], Skull(F 75 =)

1. M2 B ol BRI avdel a7 48]

25 A% A% AeE FEAN A G e 212 Gl U
4 B el AFH ANAEA AR FFHNA AFT ASY BRg 27N FURe FY 4
9 olEEEs D4 slge] w2 AYLa 9 dvhy Be, s Aol 9@ AAFE A%
* A7 AR, FEEY e Joyd

v EEAE

e ?Fi‘?l?Il“ﬂ:r"?i A gedTa

e R e

_.28_



Azl olq Fze) 4 LA A Aze
AF AY AZH] o} 10%e] B3] Aol
EES m@w AFs WAL 299 BE

F

Sz,

L

o ol

Rl A4 a0 oS 9 93
49 5451 G0a Gre rg 15 Bel 2n
37FA R %}%JE} MH Holg Ao 5z
71g AHESE el Wk o= £ AL £
ok ¥ (damping)e] §lo™ FE7} BEHEA

v el glokh B, ARF{EAE ol gahs W
Hozax FEx] Ao o He] Yz

F 9o wmAl sgg Rolsersit wel Ut

Jelm Adse] oz A s Phase change)s
Fi FE AY de] ok Y ol B ET
HEE e dTUE -Js‘rci ey HYE

{workholdmg)® Lutde] THog 7\]%%4’1

2 =o| X 7HE B (workpiecels 7

Yrielty 7Y E Sk Fod

% g ](seudlﬁmnox.)ﬂo] 7taA Tl &

ghe] gurEel mATY A

= ﬂ?‘é*li—i T 8=

[ =¥
A

c

oo
=
o1

r!r ]

oy
‘;2‘
H‘I

fo b
£ ¥o

ruE*'
o
o
RO

i, ok
0

]
E'
H

o
e
e
ol
o

=

_?L
34
[

i

Sole] ket A el e ®
271wk FAA(flexibility}e] gla &3
P 23U 8T ATl el S

PTLoof B ool B our rE 4o & ¥ ooft RIooB &

nﬁo}.Lm{Uﬁ;

L
2k
;

B veaie d98 @ie wesl A9
wrh 99N A B 27

g€ AAF3, o& ol Ed TEr| -To'{multl face
machimng)®] ¥ 24 LEWF AR
FE(skuil)2 4 H 7T €8 HojuAl vk

i1

Ded of Flagers

Fluldlzed Bed Phase Change Encepaniation

Fig. | Universal fixturing techniques

2. A 57 3
2.1 & (filling material)
A4 HEge 4L HEEr|9d AlEe
o #Zok A, @Al HF3E(enviroment
friendly)ol S ok}, B FWER #oelain

_29,

AAT A WMFA ERATE Sepepaity A4
A= ,\1.0] X}%—ﬁ}%& cézﬂ o] En g ool
metA  E#Aaes Ae3EFE(low melung point

metalys A &30 Table | oAl el 714,
F2F, 4 HAAFCTE £ B34 55

31 EMe] Hid(lead-free alloys) 9 Bis8-Sn §=

& AdAslgr). el= pCB 7ISHE slgdsie o

WAl wigsoldering)a AT = 4= 2 7

F sl Ameld.”

Table 1 Comparison of filling materals
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Table 2 Comparison of filling methads

Pouring | Single Nozzle | Multiple Nozzles

Apparatus Simple Mddle Complex
Cuoling Short Loog Midde
Tane

Tilling Coarse hdde Trenses
Sthucture

Autormtion Hexble Hexible Fixed
Ambicnt Malural Air-Blow Conducticr.
Condition Convedion Malural Convechan
23 MEE s 5T 3F

Fig. 2o+t 2ol 23 =ZL2 slo|iwire) &

49 2AAE FEPRROIN aFHoR B
71355 E’Zl‘d(cavitics) "'4‘3}753,.‘3._‘?—‘_ 75
ot ojwl £F2 d2 wpe) @ Est 2
g AorlgE wie] E

e AE FTF %‘-7\‘15&1‘—}. wEee gEans



2z 4R 7L WAH e gl

Thermo Conple

Beater

Fig. 2 Automnatic filling nozzle
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Table 3 Analysis results
Mozele
Diameter | #1B0 ¢100 $7.5 #5.0
Trramelens {mm} (mun} {mm) (mm)
Complele Filling Success Succwss Sugcess Fuil
Filing Thne 112 145 6.46 1454
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Fig. 5 Feeding speed with setting temperature
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Table 4 Specificaion of HSM

Max spindle speed 60,000 rpm
Max. {eed rate 15.0 m/min

Too! holder WE. 16-6 incl. locknut
Envelape size 180 = 120 = 120
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Fig. 7 Automatic Sct-up Device for 4-face
Machiing
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Fig 10 The {imished shape of the-17st-face
machining and after filling process

Fig 11 The finished shape of the-4’th-lace
machining and final aluminium skull
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