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EAPID PREOTOTYPING TECHINIQUE A5 A MODEEN TOOL
TOAID EWNGINEEE" S WCOEE ON DESIGH AND FABEICATION
OF PEOTOTYPE ALTERIATCOE DISC
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Summary. The article disousses problans related with desizmng of prototype o tings by nears of the most
advanced methods assisting an engireer’s work. Taking & an exangle altemator dise, the reader will have an
opporbimity 1o trace the successive stages of prototype firmation fiom 3D model 40 the final cast. Special at-
temtion 15 deserred by the application of rapid prototypine teclmiques, meliding FDBL i the masnfache of
tooling for CYCLONE IL wlich 15 an autcenate device for rapd masmfictore of ceranae shell monlds used in
nrresbrent casting.
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INTRODUOCTION

Rapid developenent of warket econory demands from produe tion plants a gquick, cheap and
relighle marnfachore of products to satisfir the consurmer demands in the best possible way, & vast
range of products introduced to the market cormpels us to look for advanced and highly effective
tnanufacturing methods, corbined with a new appeoach fo the engineer s work, At the sarae tie,
the newly developed processes should not raise the marnmfachwing costs, and this is possible in
fonrdry industry as well as in other sectors of the industry only through deve loprment and effectnee
application of moderm marfac toving te chnigue s.

Progress in civilisation changes also the available engineering tools, offering modem stan-
dards for the vimsalisation of design work and rew possibilities of prototype marnfae tore. Depend-
ing on product application, its overall ditnensions, the required dirne neional aceuracy, the material
of which it is supposed o be made, and the awvailable financial means, we can choose one of the
tnarne ros rethods of the rapid prototyping syster. Fapid prototyping has been known in industry
for over a decade. This techrdgue is nsed to mannfactore various prototypes, patterns and reads
elements. The manufactire of prototypes is based on the wirtoal 3D raodels created in 2 CAD
graphics softaare

For mmany years, the industry has been using the methods of Fapid Prototyping and Rapid
Tooling. The forrer ones are nsed to make prototypes, patterms and ready elements. Fapid Tooling
means guick marmfactore of the accessories recessary in the production process. In most cases,
the techrigues of rapid profotyping are of an additive natore, but there are also cases that use the
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principle of subtaction, e.g. high-speed milling. The technigues of rapid prototyping aeailable
nowradays can be divided according to one of the factors menfioned belo:

*  pattern structure,

» acowracy of workrnanship and cverall dirersions,

= type of material nsed and the form in which it oocurs,

= pattern application,

Patterns made by rapid perototyping techndgues can be divided into the following groups:

= General pattems — reflect the features of the ready product, ez casting. They enahle
prelitninary checling of some pararaeters, dirne nsions and corfigurations.

*  Functional patterns — have some pararneters identical with the parameters of the ready
product. In the majority of cases, the parameters are idertical with those of the final
product are pattern shape and divae nsions.

*  Dlaster patterns — nsed as a starting itern in the large 1ot manafactore of products by eg.
the casting process. These patterns serve as a starting tool or die to make futher copies
(e.g2. pattern to make a foundry die).

= Ready patterns — the ready elements having the shape, dirmensions and all other param-
eters identical with the final product. Installed in equipenent, they endble testing ofanele-
ment (if it 1s part of a me chanismy, or are uzed fo check the physical properties. More over,
due to this procedure, it is often possible to elirnivate the mavmfachre of & pilot lot of
products, thus reducing considersbly the cost, tire, and labonr ivgnt, and mbroduce wery
easily the necessary modifications and design improvernents.

FROM 3D MODEL TO FROTOTYPE CASTING

Since it was necessary to make a profotype batch of castings of the altemator disc, and be-
cause of the nunber of castings included in this batch, it has been decided fo use the restment
casting process in cerawic layer wonlds. The 3D pattern design was drawnina CAD Solid Edge
graphics softeare editor (Fiz 13

Fig 1. 53D model made in 5 olid Edze graplucs s ofbrare editor

The next step was corrersion of the 3D geome trical fizure to * .otl fornat, to enable raking
a uzefil visual model by the gelected Fapid Prototyping techedeque.
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The 3D model was created by FDN (Fused Deposifion Modelling) technigue. The process
consists in building up the model by application of the successive lavers of a therrmoplastic, serd-
solid material. The rnaterial is fed b replaceable nozzles placed in the head of & therrnal device.
The material i the foren of flbres is meoiled from a spool and fed to the head, where itis prebeated
to semi-solid state. The fed flbre 15 applied in lavers fomang a rapidly solidifsing soface, which
tnakes backzround for the deposition of the next lavers. The heads move in horzontal axes X and
¥ the bench is lowered in a wertical axis 2. Patterns are made from the following materials: BE,
P, PC.ISC, PPSE, ABS1 and PC — ABS,| with the possihility of making semi-transparent or co-
lonred details. The accuracyof'a pattern depends on the thickness of the applied laver and nsally
ataounts to 0,13 mim.

If regpuired biarthe design, supports can be used. Theyare constructed together with the pattemn
and rernonedat the fival stage of the marorfae heing process. Depending on the type of raaterial nsed,
the supports are either broker ont or dissobred in an alkalive solution using an ultrasonic washer.

The master pattern rodel of the disc was made from PC - ABS, becanse of the possibility to
use a washed out support. Bfter printing of the pattern and washing out of the support, the pattem
was sprayed several titnes with putty; and then ground and painted to irmprove its suface quality
iFiz 2y, The next stage irvobed making a silicone die from the presviously prepared model. The
die was used for the marmfacture of wazx patterns (Fig 3). It was made from transparent silicone.
For this parpose, the model was placed iv a specially de signed monld with the reads zating systern
and an oreerflo

Fig 2. Model of altemator dsc made fom PC - ABS after pathane and varmsling

Fig 5. The ready silicore die



F4FD FROTOTYFING TECHNIQUE 45 4 MODERN TOCL 219

Powirg of the mould with silicore was canded ont in avaemun chaber to avoid the nsk of
the formation of blowhole defects. After the silicone solidification, the mould was dismantled, and
then cut witha scalpel fo take the master rmodel out.

The silicone die prepared in this way was cleaned and coated with tale to facilitate the re-
taoval of wax patterms.

The operation of wax pouring was also performed in a vacuun charnber to ensure making
the wax patierns free from the defects that might ocour if the air babbles would not escape. Affer
the wax solidification, the pattern was taken out from the die and exarmined. Fine daraages were
repaired with special wax puttsy

L batch of several dozen wax patterns was made by this route and nsed in fabrication of
pattern tooling (Fiz 4).

The pattern tooling was prepared in the form of lusters™ (Fig 30, which included the main
gating systern feeding the metal and patterns glued to the sides of the gating systern. Parts of the
gating systern were made fror the previonsly shaped wax eleents. The whole device was joined
toge ther by means of a snall soldering tool.

Fig. 4. & wrax pattem

Fiz. 5 Pattern toolivg wady to make the cerarne layer moalds
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Lt the next staze, a ceramic shell ronld was made, neing for this prrpos: a Cyelone [T desrice
tnade by M Techrology assigned for the rranufacture of prototype ceraric rooulds (Fig ). This
was an integrated svsterm including two mivers for the loguid cerarnic slurries of different densities,
tuwro rainfall-type sprinkling mactines for the stocco material of tueo different fractions, and a dige
ing charnber. The machine was also eqpuipped with an antoraated robot arre, and the whole process
was monitored by a corgniter.

Fig. 7. The siccessive stages of makmg a simgle layer of the ceranme moald
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Oz to the use of a special drying chawber, the rmonld ravmfae iing tivae was reduced
fromm several dave to several hours ondy. After setting of process pararneters (Fig. ), 1e. the marn-
ber of lavers, the time of irenersing the pattern in lguwid ceraric shorsy the firme of sprinkling
with stucco material, and the fitae of drying the successive layers, the mould manufacture was
started.

The arm applied the laver of the liguid ceraric shirry, and placed the cluster in a sprinkling
device where the liguid slurry was coated with a ceraraic stucco material (Fig 7). The so pre pared
layer was next dred in a chamber provided with an infra-red radiator and a systern of fans, which
ensured very rapid drying of the successive layers without the need of preheating the whole cluster

L fter drying of the last layer, the readsy raomld was placedina steam antoclawe (Fig. £), where
under the effect of the high stearn pressure, the wax was melted out.

Mext, the ceramic rmould was placed in a charnber firnmace where it wasbaked at the ternpera-
ture of 800°C to reracwe the residual wax and increase the mechanical strength.

Fiz 2. The wady cerarmic layer momld placed m antoclave for meling ot ofwax

The hot self-mupported monld was placed in a special fixtore in the finnmace where the metal
trelt had heen prepared and was poared with this metal (Fig. 9.
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Fiz.10. The mecessive stages of casting fatthne
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Fiz 11. The ready casting

Lfter cooling, the raould was bhroken nto pieces and castings were cut off from the gating
systerr. They were fettled by sand blasting to remoree the residual cerawic material.

CONCLUSIONS

The article describes the successtive stages of the proce ss of making a casting by the s:lected
technigues of Fapid Prototyping. It discloses the procedwre of pattern making, the manufac e
of a cerarnic layer mould, and pouring of the ready monld with liguid metal. The application of
modem BP techrigques endbles foundry plants to assane an indiidual approach to the problera of
making prototype patlerns and reduces to raindrrn the time necessary for implermentation of a
ready product.

The disclosed methodology shows one of the numerous possible means of making castings
by the RP techrdcues.
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TECHNIEI ZZ¥BKIEGO PROTOTYPOWANIA JAK O NOWOCZESHE
NARZEDZIE W3POMATANIA PRACY INZVYNIERA W PROCESIE
POWETAWANIA PROTOTY POWEGD ODLEWU TARCEZY ATTERNATORA

Stresrerende Wartdm ke mostaie cmderdona problematyka poarstawraria prototypoansch od leardar prey zastos o

warm1 nanowoomesne)s mrch metod wspomagaria pracy neymera. Ma prerldadme toemy aternatora czptelmk
zaporna sie T kolenyn etapan pows tasraria probtype od modeln 3D do gotowezo odlewn . Ha seozegdlng
1w age Zashigage ox Deoararie tecluik szvbkisg o prototypowaita swarsgledmermem teckro log FDM dowyko-
namia oprzyrzgdoararma 1 arboenabn CYVC LONE IT do sz laego wvbar srzarna cerannemyeh form skompoaryeh
dla metodywrtapianech modsali.

Sloera ceowre: szyblkie prototypoaramie, modele woskoere, fonny cerannemne, o leararme



