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“Development Of Temperature And Pressure Variabl§
Pneumatically Operated Compression Molding Machine

Eranna. H

ABSTRACT

Thio mamer dealo with the Develommment of Temnerature and Precoure variable
rmeumatically orterated comrnrecoion molding machine. The rurrooe of develoring
thio machine io to rrertare the FRP commooite camrdeo for teoting rmurrooce. Now
adayo many recearcheroc working on comrwooite material, during their recearch
work they need to rrertare the camrieo of comrmooiteo with different comrmoaoition at
different temnerature and rirecoure for the rmurmnooe of teoting.In cuch caceo the
develored temrerature and mrecoure variable mneumatically ormerated molding
machine io uoeful for the recearch workero and aloo for the manufacturer of omall
oized leco comriicated rlactic commonento.The low denoity, high otrength andhigh
otiffneco to weight ratio, fiber reinforced comrnooite materialo are manufactured by
thiomachine are low coot.

Keywords:
Pneumatic cylinder, thermocourle, glaco, acbeotoc and Nichrome
heating elemento.

1.Introduction

The comrmireooion molding riroceoo io eortecially uoced when the denoity and
material tyre required remain uniform throughout the nart and will be molded all
at once. There are many tyreo of hydraulic molding machineo uoing in induotrieo,
come of them are automatic and come of them are cemiautomatic. The hydraulic
machine can be uoced in come aruticationo where there io a requirement of high
rreocoure or high load for manufacturing the commnonento, theoe high camacity
molding machineo cannot be inotalled in omall ocale induotrieo, becauce the coot of
the high camacity hydraulic molding machine are too exrnienoive for the rrerntaration
of omall cized FRP commooite laminatec and aloo a okilled orerator io required to
orterate theoe high camnacity hydraulic machine.To overcome theoe rroblemo there
ioaneed for the develomment of low coot rmeumatically onterated molding machine.
Thio machine findo arulication in omall ocale induotrieo for the rroduction of FRP
comrnooiteo. The initial coot of machine iolow and the maintenance coot io minimal.

II.Scope Of The Present Work

The murmooe of thioc machine io to rrermare FRP commnooiteo. The rrecoure
can be varied ao mer the requirement and the temmerature can be controlled
automatically by uoing temmnerature cencoro. Dieo of machine can be changed ac
rier the requirement. By changing the dieo; thioc machine can aloo be uoed for any
other mwreooing arudicationo. The rweooure can be varied from atmoortheric
rirecoure to 8 baro. Since the mmeumatic machineo uceo comrirecoed air to rierform
work, there ic no health hazardo. Thioc machine ioc well ocuited for omall ocale
induotrieo and the coot io leoo. The working fluid need not to be otored becauoce the
airioavailable in nature.

III.concept Development Of Pneumatic Molding Machine

An AUTOCAD model chown in fig 1 io develornied by conoidering the above

Eranna. H

From
M.Techscholor, Product Design and
Manufacturing, Dept. I[EM
Sri Siddhartha Institute of Technology,
Tumkur, Karnataka.

The Article Is Published On June
2014 Issue & Available At
www.scienceparks.in

DOI:10.9780/23218045/1202013/49

0O

Page No-1


http://www.weeklyscience.org
http://crossref.org/
https://www.facebook.com/
https://twitter.com/

2321-8045 Vol-1, Issue-48, 19" June 2014

“Development Of Temperature And Pressure Variable Pneumatically Operated .........

mentioned needo of cuctomero (recearchero, omall ocale induotrieo).
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Fig 1: A CADD model of pneumatically operated pressing machine

The figure 1 chowo the meumatically omerated comrmrecoion molding machine. The
required load can be arumlied by meano of rrecourized air. The temnerature can be controlled
automatically by ucing temrerature controlling unit, rrecoure can be varied by ucing rirecoure
controlling unit which conoioto of FRL unit.
IV. Design Of Machine Components.
Selection of cylinder
a). Cylinder Thrust

The cylinder thruot io a function of micton diameter, omerating air rirecoure and the

frictional recictance. The following calculation chowo the minimum force that can be arrilied on
the material by uoing thiocylinder.

Let
P = Preooure = 0.3 MPa
D = Diameter of bore = 0.05m

Thrust in Forward Stroke:-

FW = PnD’ /4
FW = (0.3*10°N/m?* 1 (0.05m?) /4
FW = 589 N.

Thruot in return Stroke:-

F, = P (D*-d?) /4
F, = (0.3*10°) 11 (0.05°-0.015% /4
F, = 535.76 N.

b). Air consumption

Thio calculation includeo conoumrtion of air during forward ac well ac return otroke,
theoretically conoumrtion of air can be calculated by ucing following formulao.
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Let,

Cw= Air conoumrttion for forward otroke in litero.
C= Air conoumrttion for return otroke in litero.

D = Diameter of rioton in cm.

d = Pioton rod diameter in cm.

L = Stroke length in cm.
P = Air rirecoure in bar.

Free air consumption in liters for forward stroke:

T
Cw={1 xD2x(P+1)xL}=+ 1000

It
Cw={1 %25 (3+1)x10} =+ 1000

Cw =0.785 Litero
Free air consumption in liters for return stroke:

Cw = {E x(D2—d2)x(P+1) xL)= 1000
Il
Cw = {Z\ (25 —225) x(3+1)x10}+ 1000

Cw=0.714 Litero

Hence for one comriete cycle of omeration for thio cylinder (i.e. forward otroke + return
otroke) the free air conoumrtion will be 0.785 + 0.714 = 1.5 Litero.

III.CONSTRUCTION AND WORKING OF MOLDING MACHINE

Pneumatically orterated molding machine io develornied by uoing following comrnionento

Pneumatic cylinder 5. Heating elemento

FLRunit 6. Thermocourte

5/3 Direction control valve 7. Flow control valveo

Die Material 8. Packing materialo: Glacowool and Acbectoo Sheet

Once the comrnooite material io rlaced in chell tyme lower die, the urmer die io clooed on
lower die by meano of air cylinder which io controlled by 5/3 direction control valve. The required
rrecoure io arutied by uoing FRL unit which io rrovided with a mrecoure gauge. The heating coilo are
uoced to heat the dieoc and the temmerature io automatically controlled by uocing temmerature
oenoorg, acbeotoo and glaco wool are acto ac inoulating materialo. Flow control valveo are uoed to
control the flow rate of air.
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Fig 2:Working model
V.COMPOSITE MATERIAL PREPARATION
a)Thermoset Laminate
The fig 3 chowo the fiber reinforced comrooite rrerared by uoing rmeumatically onterated
comrtreccion molding machine under the rirecoure of 0.5MPa and at the temrerature of 50° C. The

material wao kernt under rwrecoure of 0.5MPa for 1 hour 30 minutec and heated under the
temrnerature of 50° C for 40minuteo.

Jute fiber = 23.5%3 (layero)
Sioal fiber = 36.4% (4 layero)
Polyvinyl alcohol = 40%

Fig 3: Thermoset laminate

b)Thermoplastic laminate

The fig 5 chowo the glaco fiber reinforced comrmooite material mrerared under the recoure of
0.6MPa and at the temrmerature of 90°C.The material wao kertt under the rirecoure of 0.6MPa for 2
hour and heated at 90°C for 1 hour. The comrooition of material io ao followo.
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Matrix - Polyrrortylene - 5layero= 75%
Reinforcement - Glaoo Fiber - 4 layero= 25%

Fig 4: Thermoplastic laminate

VI.TESTING OF PREPARED FRP LAMINATES

Thermortdactic and thermooet mlactico are rrertared at different temmerature and rrecoure
by uoing develorted rmeumatically orterated commirecoion molding machine. The hardneoo teot have
been carried out by uoing 2.5mm diameter ball indenter ac mer ASTM E10 otandard and the tenaile
teot have been carried out by uoing Univeroal teoting machine aocmer ASTM D638 otandard.

a) Tensile test for composite 1 (Thermoset)

Width = 24.3mm = 0.0243m
Thickneoo = 3mm = 0.003m
F, = 216kg =216x9.81 = 2119N
A, = wxt =24.3x3 = 72.9 mm’
o, = F, /A =2119/72.9 = 29.0MPa
Fo = 312kg =312x9.81 = 3060.72 N
O = F../A =3060.72/72.9 = 41.985MPa
b)Brinel hardness test for composite 1
_ IF
BHN = D [Di—{ v E—d:l]
F = 187.5kg
Di = 2.5mm
d = 0.7mm
_ 2 x187.5
BHN = 3.14 x 2.5[2.5—(-/E25-0.45)]
BHN = 477
c)Tensile test for composite 2 (Thermoplastic)
Width = 19.4 mm = 0.0194m
Thickneoo = 7.5 mm = 0.0075m
F, = 208 kg =208%9.81 = 2040N
A = wxt =19.4*7.5 = 145.5 mm’
o, = F, /A =2040/145.5 = 14.02MPa
F,o = 360 kg =360%9.81 = 3531.6N
O = F../A =3531.6/ 145.5 = 24.272MPa
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d)Brinnel hardness test for composite 2

_ 2F
BHN = nDi [Di—(+Diz-d2)]
F = 187.5kg
Di = 2.5mm
d = 0.9mm
2 x187 .5
BHN = 3.14 x 2.5[2.5—(+F35-0.81)]
BHN = 285

VII.COMPARISION OF RESULTS OBTAINED FROM TESTING

a) Comparison of yield strength of composite 1 and composite2atF,

Yield strength in MFPa

Composite Composite
1 2

Type of composite

Fig S: Yield strength of composites at F,
The fig Sohowo the yield otrength of comrmnooite 1 and comrmoocite 2 at yield load.The
comrooite 1 and comrooite 2 chowo different tenoile otrength becauoce both the commooiteo made
urnof different comrnooition. Comrooite 1 exhibit more yield otrength than the comrooite 2.

b)Comparison of Ultimate strength of composite 1 and composite2 atF_,,

et
wn
1

Ultimate strength in MPa

Compositel Composites 2

Type of composite

Fig 6 :Ultimate strength of composite at yield load (F

max)
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The fig 6 chowo the tenoile otrength of comrmooite 1 and comrnooite 2 at maximum load.The
comrooite 1 and comrooite 2 chowo different ultimate otrength becauoe both the comrnooiteo made
urnof different comrnooition. Commooitel exhibito more tenaoile otrength than the comrnooite2.

a)Comparison of Hardness of composite 1 and composite 2.

600 -

500 -

400
300 -
200 -
100 -

o -

Composite Compaosite
1 2

Brinnel Hardness number

Type of composite

Fig 7: BHN of composites

The fig 7 chowo the BHN of comrmoaite 1 and comrmooite 2,the teot io carried out at the load of
187.5 kg. The comrnooite 1 and comrmooite 2 chowo different brinnel hardneco number becauoe both
the comrnooiteo made ur of different comrnooition. Comrmooite 1 io exhibitoc more hardneoo than the
comrioaoite 2.

VIII.CONCLUSION

1.The tenoile otrength and hardneoco of the develorted FRP commooitec are teoted ac mer ASTM
otandard.

2.The tenaile otrength and hardneoo of the develorted FRP comrooiteo are in line with the reoult
obtained by the other recearchero.

3.FRP commooite can be mroduced without ant air voido.

4.Thiomachine can be uoed by the recearcheroc for nreraring FRP comrnoaiteo.

5.The temmerature can be controlled automatically and can be varied from atmoortheric
temnerature to 200° C.

6.The nrecoure can be varied from 0. 1MPa to 0.8 MPa.
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