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ABSTRACT

Prototype manual hydraulic press was designed and fabricated for the
production of ceramic kiln furniture. The design and fabrication of the
machine was done according to laid down engineering and industrial
design procedures ethics and codes. Sandard design cal culations were
used to develop the drawings and specification. The design drawings
were then used in the fabrication of the machine. The design functional
machine components were either fabricated as designed or purchased as
scrap fromthe market. The machine has a length of 250 mm, width of 700
mm and height of 1700 mm. The machine is able to produce four to five
and seven to eight shelves using semi and the fully motorized mechanism
respectively per hour. Eight props could also be produced per hour using
the semi motorize approach mechanism. Both the semi and the fully
motorized mechanisms all have higher production capacities over that
of the manually rammed approach that could possibly produced two to
three shelves per hour.

Keywords: Beneficiation, ceramics, design, fabrication, machine and
process.

INTRODUCTION

Industrid design (ID) isthe professiona serviceof creating and devel oping concepts
and specificationsthat optimizethefunction, value and appearance of productsand
systems from the mutual benefits of both user and manufacturer (http://
www.idsa.org). Right fromthetimeof industrial revolution, therehasbeenincrease
inthe design and fabrication of machineries needed to meet with the demand of
primary, secondary and tertiary industries. Technological breskthrough thusfurther
leadstoindustriadization; and re-cycling factories, and therefore, wastes, with meta
scrapsfor reuse, no longer constitutes much problem for the devel oped countries
(Jerome, 1979). Thisisnot the casewith devel oping countrieswheremetal scraps,
asoff cutsfrom thefactories, construction companiesand ruinsfrom fatal motor
accident, litter everywhere or gathered in junk-yards, thereby constituting health
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hazards. Contemporary ceramicindustries should find solacein the use of metal
scrapsfor the design and fabrication of their required toolsand equipment. Inthat
such scraps areindeed ways of producing usable products even at lower cost,
providing job opportunitiesand minimizing waste.

The study thereforeintendsto design and fabricate ahydraulic pressusing
scrap metalsfound in somejunk-yardsin somecitiesin Nigeria, to produce semi-
motorize hydraulic pressfor ceramic kiln shelves/props. Earlier research effortsin
Nigeriaand for exampleat the Department of Industrial Design, Ahmadu Bello
University Zaria, weregeared towards sourcing for dternativelocal raw materias.
Thisisan effort to help in the growth of the industry through research of such
related raw material s needed for day- to- day running of the department and any
other smilar departmentsespecidly in adevel oping economy acrosstheglobe, for
better teaching and learning.

Thisisbecause several imported equipment yearsback are now obsolete
with little or no technical know-how to repair them (Ayodele, 2008). Inthelong
run, most effortsto keep the standard of education running till dateareon related
researchesbased onlocally sourced materia sranging from glazes (Ebeigbe, 1990),
kiln constructions (Ewule, 1988), burners(Datiri, 1998), and shelves production
(Molokwu, 1991). Need to mention on the other hand arethe femal e studentswho
are made to face the samerigor in producing shelves. They are usually at the
receiving end, because of the energy required in manual ramming of grog while
meaking shelves, henceimproper and inaccurate compaction of shelves Thisinforms
thenneed for students’ groupingswhereby their male counterpartsareleft mostly to
do the production of shelvesrequired for their firing. Thisof coursedoeslast for a
few sessionsof firing beforethey arebad. Ironicaly, the manua ramming approach
inthe production of ceramickiln shelves/propsis<till operationd till dateinNigeria,
and even at the Department of Industrial Design, Ahmadu Bello University, Zaria,
Nigeria; which supposeto be apioneering department in thisfield of study. This
factor gave animpetusfor thisresearch.

Theuseof polished stonesastoolsby maninAfrica sPaleolithic period
impliesaninnovation and evolutionin man’surgetoward solvingindustria related
problems. Theapplication of power-driven machinery to manufacturing isknown
asIndustrial Revolution (http:/mmwwidsa.org). It emanatesasaneed to satisfy the
consumer’surgein termsof taste (variationsand quality in designs). It wasthat
which deviated from the monotony in the usage of hand made productsto that of
machine. According to Anonymous 1984, in Gonah (2003), isany device capable
of making the performance of mechanical work easier, usually by overcoming a
force of resistancethat istheload, at one point and by the application of more
convenient forcethat istheeffort, at some other point. That challengeprovided a
new approach to theindustriesto further look inward to theimportance of designs,
using machinesinsolvingindustria problemsand consumers' related needs(George,
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1991). Designinthiscontest and the consideration used hereisamental schemeof
how to fabricate ahydraulic press machine that would be ableto produce some
kilnfurnituresuch askiln shelvesand props. Design would enableonetofulfill five
primary responsibilitiessuch asfunctional, dimensiona, safety materialistic, and
psychologica responghilities(Jackson et d 1993). Functiond responsibility concerns
ensuring aninvention or new ideaisvisiblein practice and satisfiesaneed that
judtifiesputtinginto practice. Ensuring al so that each practica construction resulting
from the application of an invention is made into size that will best and most
economically fulfill theparticular service of whichisintended. Thisisknown as
dimensiona part will. Whilesafety responsibility istheart of not endangering lives
or propertieseither inanorma mode of operation or by thelikelihood of failure of
amachineor order wise.

Materidigticrespongbility concernsselection of materia sfor eachindividua
part that each part will serveitsfunction at low acost aspossibleand for sufficient
length of timeto make it fit in with the normal economic wear and tear of the
condructionasawhole. That of psychologica responsibility istheeffect of prejudice
ontheopinion of anindividual about the usefulness of an object or construction
(Gonah, 2001). Thebenefit of thetechnol ogy design and fabrication of themachine
isto producekiln shelvesand propsasalternative to the manua ramming methods
(seefig. 1and 2). According to Thomson 1998, in Gonah (2003), fabricationisthe
art of construction, especially from components. Hefurther statesthat al machines
arebuilt up of parts made of different materialsand by various manufacturing
processes. While some are cast from metals others are forged and some are
produced by machining of different kinds of machinetools. Casting and forging
haveto be machined beforethey acquiretheir proper shape, exact dimensionsand
surfacefinishing. Any machine partswhether they areto be machined or not are
cdledforging.

According to Kamesshehikar (1979), forging processes are extremely
important in the machine building industry. He acknowledgesthat no machine,
whether smpleor complicated, can bebuilt without theuseof forging. Beneficiation
isthe process of refining raw materialsin order to optimize their performance or
makethem useful inthe manufacturing process. Inthiscontext, isatrestment using
metal brushes, sandpaper, thinner and or a piece of rag to remove dust and other
dirt trappingson metal surfaces before use. Accumulation of such dirt on metals
surfacesresultsfrom long period of time such metalsare hipped together. This
treatment isdonein order to makethe metal sneat and workable.

Theword ceramics meansporcelain and pottery, whilethe engineersusually
think of thenew industrial ceramics, such assintered oxides, carbidesand nitrides
(John, 1993). Ceramic being non -metallic materials do not conduct heat and
electricity asmetasdo. They arenon organic hydrocarbon materialseither, plastics
arethe organic hydrocarbons. According to Wert (1978), Ceramic materialsare
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usually oxides, clays, feldspar and other mineralswhich requireshigh temperature
inprocessing (Gonah, 2003). Product design refersto the Proto-type modd through
whichtheright choiceof designisreproduced. Kilnisaceramic ovenwhereceramic
waresare being fired. Kiln furniture hasto do with refractory shelvesand posts
withwhich ceramicwaresarefiredin thekiln. Ramming isthe Exertion of forceon
amateria for thepurposeof compressingit. Any ceramic materia that canwithstand
high temperature over along period of usewithout melting or any inorganic materia
withstanding temperature of 1000°C and beyond without sagging. Thisisknownas

Refractory. Pre-fired clay materia sthat are crushed into severd particlesizestobe

areknown asthe Grog. Propsarerefractory postsused inthekiln aspart of kiln

furnitureuponwhich kiln shelvesare placed. Based onthisbackdrop, theobjectives
of thisstudy are:

1. Explorethe possibility of using metal scrapsobtained from variousjunk-
yardsin Nigeriafor hydraulic pressfabrication for usein cottage ceramic
industries

2. Designandfabricateahydraulic pressfor kiln shelf production asdternative
to themanua ramming method.

3. Produce shelves that would possibly overcome problems of irregular
pressure gpplication usualy characterized with manua ramming methodin
shelves production; such asuneven thickness, uneven surface, andirregular
compactionwhichresultsinto easy breskage sometimeseven after asingle
firing aswell assome particleschipping off into glazed waresduring firing,
thereby defacing such glazed products.

METHOD

Thisresearch utilized experimenta methodol ogy through popul ation of the study,
materia beneficiation, pilot study, welding of meta parts, formulation of dried and
fired refractory materials. Other areas of investigationsinclude clay preparation,;
grog making, characterization testsfor modulus of rupture, compressive strength,
inclusion of reading mechanism of pressure gauge, wereeither conducted, or carried
out. Standard design cal culations were used to devel op the design drawing and
specification. The design drawing (fig 3) wasthen used in thefabrication of the
machine. The design functional machine componentswere either fabricated as
designed or purchased as scrap from the market. M ost fabricationswere carried
out inthe engineering work shopsat Ahmadu Bello University Zariausing heavy
duty equipment whererequired.

RESULTSAND DISCUSSION

Product Design: Design can bedefined asthe presentation of agood conceptudized
ideaonany surfacefor effective onward utility. Itisan inspirationa phenomenon
that pleasesthemind (Ayodele, 1999). Ekeada (1988) seesdesign asthat which
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needsto dowithformsand perfectingtofinish. Desgnistheexerciseof imagination
inthe specification of form (Smith, 2003). Theaim of thedesignisto givesome
form, pattern, structure, or arrangement to an intended technol ogical product so
that itisanintegrated and baanced whole, whichwill dowhat itisintended (Wormald,
2003). For example, ahydraulic systembuiltin Londoninthelate 1800sisgtill in
use. Itisusedtolift bridges, hoistsand cranes (Harmsand Swernofsky 1999).
Thiscorroboratesthebelief of Stuart (1996) that productsdo not haveto behighly
innovative, aslong asthey do thejob properly. He statesthat too often, wegofor
high technology productsthat do not perform. Designing issometimesrepresented
asalinear or alooped set of processes starting with identification of aproblem or
requirement, followed by generation of ideasfor solutions. It often beginswithan
ideain aperson’s mind and the designer has to be able to envisage situations
(Microsoft Corporation, ibid). Onthisnote, thedesignwasarticulately put down
on paper for an onward transformationinto aredity. Designsare often backed up
with mechanica precisionsand calculations. Theinitial design on paper wasmade
asaworking guide and later devel oped using Computer Aided Design (CAD)
(Seefig.3).

FrameMouldfor the Shelf: Theanglebar sizeusedfor shelf frameinthemanua
ramming method is 39 mm in height, and 12.70 mm in thickness. This was
constructed to havein toin dimensions of 280 mm x 425 mm. Itisimperativeto
note herethat angle barsare of varioussizes. Inthisstudy however, anglebar size
of 78 mmin height, with 15.24 mm in thicknesswas purchased, cut to sizesand
welded to havethe same sizesof 280 mmx 425 mm; intoin measurement. Also
welded to it arethe 3 mm boltsat the pointswhere they would be detachabl e by
loosening the nuts. Thisframe size was experimented upon in order to properly
house the material fed to it at oncerather than therefilling method used in the
manual ramming approach (Seefig. 3andfig. 4); for the comparison of thetwo
angle bar sizesused for the frame construction. Thereworking principlesare of
two ways. (a) the semi-motorized and (b) thefully-motorized.

Working Principles of Press Using Semi-Motorized Device: The pressis
principaly driven by the hydraulicjack. Whenthe hydraulic lever isjacked upsand
downs, it automatically jacksup the piston. The morethejack, the morethe piston
movesup until it reachesitsmaximum limit. Asthe piston moves, it pressesdownits
source of weight to compact thegrogintheangular frame placed under it. Herethe
reading gaugewould have tarted reading in pressure per squareinch (Psi). When
the piston could no longer moveit istaken that enough pressure has been applied
totheshdf grogfor proper compaction. At thispoint, the reading on thegaugewill
benoted and thenub inthe hydraulic jack isloosened to rel easethe piston gradually
back to position. Asthe piston decreasesin height, so do the springs stretch back
totheir former positions pulling along the meta platewherethejack isbolted on
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andkeepitin suspension. Theresfter, the plywood will begradualy pushed forward
using thetwo handsfor easy removal fromthe metal base placement. Thisprocess
wasrepeated to produce asmany shelvesas possible. Producing propsusing the
cylindrical iron, took the same procedure by pressing the galvanized ironrod to
exert force applied by thehydraulicjack.

Working Principles of Press Using Fully-Motorized Device: The fully
motorized deviceisanew mechanism principally driven using agear motor of two
horse power. Thiswas connected to a20 tonshydraulicjack firmly griped by angle
frames constructed as stand for effective holds and possible vibrations when
electricaly powered. Theshaft known aseccentric rod was designed and fabricated
to presson and off thejack lever piston asit rolls. Thiswasachieved withtheuse
of two crossjoints. Onewas connected to the two horse power motor and agear
box shaft at one end and at the other end of the gear box wasthe second crossjoint
connecting the eccentric rod that entered the bearing constructed besidethejack.

When dectricaly powered, the 20 tons hydraulic jack, placed below jacks
up to meet with theroof of the upper frameand pushesit up together with thegrog
aready housed intheangular iron frame place onit. Thejacking continuesuntil it
keysinto thewaiting top metal platefor proper compression of thegrog. When
fully compressed, asindicativefrom the pressure gauge reading mechanismto about
3500 psi or more, the engineis put off. At thistime, thetight nub of thejack is
loosedin order to releasethe piston back to position. Along thisline, the compressed
grog intheframealso comesdown with thejack in readinessfor disengagement
fromitsframemould. Toad thismovement however, four (4) grooved metd rollers
werefabricated and welded at each angleof theframefor balancing during operation.
The performance of the machinewastested using various shelf compositionsas
well astesting for modulusof rupture (MOR) and the compressive strength test to
ascertain their strengths (seetables5and 6 for MOR and 7 and 8 for compressive
Srength).

CONCLUSIONAND RECOMMENDATIONS

Itisa so evident from theoutcome of thisresearch that thedesign and faborication of
the semi and thefully-motorized hydraulic jack isquite effectivein the production
of ceramickiln shelvesfor the cottage ceramic industries. Further modificationis
carried out on the prop mechanism design for better performancesinceit wasso
difficult to remove propsunder high compaction (pressure gpplication) despitethe
useof lubricantsuntil the pressure was brought to 350 pressures per squareinch
(P).
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Tablel: Shelf Batch Compositionsi

Compositions 1A IB IC 1D
Coarse Kaolin Grog using 9.5mm Sieve  55% 60% 65% 70%
Kaolin using 0.6mm Sieve 25% 20% 15% 10%
Fine Kaolin Grog using 2mm Sieve 15% 10% 10% 10%
Ball Clay using 0.6mm Sieve 5% 10% 10% 10%
Total 100% 100% 100% 100%

Source: Researcher’s Studio Experiment, 2011
Table2: Shelf and Prop Batch Compositionsl|

Compositions 1A 1B Ic 11D
Fine Kaolin Grog using 4.75mm Sieve 55% 60% 65% 70%
Calcined Kaolin using 0.6mm Sieve 25% 20% 15% 10%
Finer Kaolin Grog using 2mm Sieve 15% 10% 10% 10%
Ball Clay using 0.6mm Sieve 5% 10% 10% 10%
Total 100% 100% 100% 100%

Source: Researcher’s Studio Experiment, 2011

Table 5: Modulus of Rupture Test for Composition |

M.O.R (N/mm?)
Test IA TestIB TestIC TestID
Test (manually rammed) 51395 62777 50258 59462
Test (semi motorize machine) 61242 63171 58831 54009

Test fully motorize (electrically powered machine) 65100 6.6547 65100 54973
Source: Researcher’s Studio Test, 2011

Table6: Modulusof Rupture Test for Composition 1
M.O.R (N/mm?)

TestI11A Test11B TestIIC Test 11D
Test (manually rammed) 502050 58161 50469 4.7511
Test (semi motorize machine) 58331 72816 7,715 7.7633
Test fully motorize (electrically powered machine) 8149 82942 94998 7.9567
Source: Researcher’s Studio Test, 2011

Table 7. Compressive Strength Test for Composition |
Compressive Strength(N/mm?)
Test IA TestIB TestIC TestID
Test (manually rammed) 363 502 402 295
Test (semi motorize machine) 549 719 538 596
Test fully motorize (electrically Powered machine) 9.04 1035 616 704
Sour ce: Researcher’s Studio Test, 2011

Table8: Compressive Strength Test for Composition 11
Compressive Strength(N/mm?)
Test 1A TestIIB TestlIC Test1ID
Test (manually rammed) 6.79 6.24 6.13 410
Test (semi motorize machine) 6.79 6.60 557 431
Test fully motorize (electrically powered machine) 842 794 6.45 520
Source: Researcher’s Studio Test, 2011
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Figure 1: Manua ramming method used in Shelf Production
Source: Studio Practice

Figure2: Manual ramming method usedin Props Production
Sour ce: Studio Practice
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Fig. 3: The Hydraulic Press Machine
Source: CAD and Engineering Workshop Construction by the Researcher.

Fig. 4. TheAnglebar Frame Sizecommonly usedis39 mm
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Fig. 6: Guiding for the proper fitting of the top metal plate into the angular frame
containing shelf material s using semi-motorize mechanism

Fig. 7: The assembled méchine’Pr ng of Prop in Progress
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Fig.9: Front View of the Design Machine
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