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ABSTRACT

One of the major concerns of today’s manufactusagtor is the in-crease in the cost of the materéadd not
able to utilize them to its fullest potential. Than be recovered by increasing the efficiencyefgrocess. This paper
attempts to decrease the monetary losses thatarsed by insufficient deposition of tin and tinézom the surface of
a thin film capacitor by the process of electric @apraying. Various modifications in the existingragmeters have
been put forth and amongst them, the feasible snevdrked upon. Experimental investigation showd tha
introduction of secondary passage in the air caphef electric gun leads to more deposition of tlzemial, thereby
decreasing the temperature and increasing the ngathickness of the substrate. This will cater hie effective

utilization of both the material as well as cost.
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INTRODUCTION

As far as the manufactures sector is consideredfithi capacitors are one of the fastest growirdustries in
the field of electronics. The manufacturing processlves various processes such as winding, prgsspraying,
welding etc. and ultimately leading it to the finasting and inspection. There is also a non-vatleed process in this
and focus must be done on the important proceseef analysis into one of its process can leadige lmprovement
in the overall manufacturing of the capacitors biotherms of quality and cost. One such procespraying which
uses the concept of electric arc spraying. In thispray of molten metallic droplets is formed by impingement of a
fast-moving air pressure upon the melting tips @fisumable wires fed. These wires are in the forrmpasitive and
negative electrodes and on meeting with a highriatedifference, turns into an arc [1]. These moltnaterials of tin

and tin-zinc are sprayed onto the capacitor to ldgva good bond that will eventually help in weiglin
LITERATURE REVIEW

Over the years, many researchers have contribatdtetstudy of twin wire electric arc spraying byalving
the parameter of air pressure. Some of the eatsges of air pressure mentioned in a researatr igpluring the
spraying of aluminum and zinc on mild steel [2]SBrayed air pressure was plotted against surfasghreess and

profile height in order to determine the variatidime pressure must be maintained at 0.45-0.50 MPadier to not to
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increase the surface roughness. Also, with theeas® in this, porosity decreases. One of the sadincepts of using
secondary air pressure in the electric arc sprayiag used for conducting design of experimentslf3jas varied at
50, 60 and 70 psia and the deposition efficiencyea from 55.8 to 76.9%. Results revealed thatdtemizing air

pressure produced rough coatings.

Then, using either compressed air or nitrogen asyspy gas, experimental designs were framed by
considering both primary and secondary spray presatvarious values [4]. Oxide content, Youngs ubosl and
hardness were directly related to the spray. [Bgstigated the influence of particle velocity iretarc spray.it was
observed that higher air pressure accounts forehighpact velocity of smaller particles and brealksthe molten
particles into smaller particles. Use of primarggsure and spray head pressure for nanoscale cibenpoatings on
boiler applications were done [6]. Effect of sprayiangle on various metallurgical and mechanicalperties
percentage of porosity, Vickers hardness, supalflwrdness, and deposition efficiency. Graphs stia60° is the

most crucial angle for the increase or decreaskeoproperties.

But, the deposition rate tends to be stagnant.mémphology of aluminum coating was investigatedhiree
different types of spraying which included electaic spraying [7]. In this, both primary and seamydair pressure is
amongst the control parameter and the results ghatvthe reduction in roughness causes an incrieagéhesion.
Another study [8] reveals that by maintaining thiegsure between 0.2 to 0.4 MPa, the focusing effe@markable
and this effect is not dependent on the other peten® but this, along with current and voltage uefice other
parameters such as particle velocity, temperatuné,droplet formation. Erosion of the sprayed nialtés also a factor
that hugely affects the deposition and is dependarimpact angle [9],[10]. Microarc oxidation ofetlwire arc was
done to observe the microstructures [11]. It shtvas increasing gas pressure increases the hardhdéise substrate
and provides a thicker coated layer. The effectgadf pressure were deeply analyzed [12]. The gesspre was

released from the primary and secondary circugtrtalyses the effects.

It was revealed that the coating increased ancctimstriction of the electric arc in determinings ttmall
atomized particles with low inertia was very muciflienced by the secondary air pressure. Investigain the
parametric effects was done by keeping primary secondary air along with distance and arc curasnthe input

parameters to determine the deposition efficiermyghness etc [13].

It was observed that arc current is not significard the increase of secondary air pressure dexgdhe mean particle
size. Also, the particle sprayed at low-pressumailte in rougher surface and secondary pressure doe affect
porosity. Investigation on the effects of both mignand secondary air pressure on spray eccentrgttern, flatness
etc. as secondary air pressure increases, paiterdecreases, and lower eccentricity and doeaffext flatness [14].

Few other researchers [15] have also made condegmatiments using secondary air pressure.
CASE STUDY

Deposition efficiency is the most important paragnéh the spraying process. It determines the tffecess
of the spraying process. Currently, in this indysthe deposition efficiency on the capacitor igglly on an average
of about 52% and this account for a loss of appnaxely 50 lakhs per month. The cost of 1 kg of dgaround Rs
400/Kg and that of tin is Rs 700/Kg. Hence, theppse is to increase the deposition efficiency sghelh deposition

gets increased which will lead to the reductiorast. The critical factors of the spraying procdeasge to be analyzed
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deeply and also identify the other additional partars that could be beneficial in increasing efficy.

After performing an extensive study on this, fewgaeters has been put forth that could eventuatyease
efficiency. It is seen that the angle of the gun ba varied at certain angle from 45° to 90° ttabhigher deposition
rates. Angles lesser than 90° will have low hardraexl persists high adhesive strength. Also, isanrgahe angle will
lead to the lesser deposition because of the nocmaponent of the particle velocity [16]. Moreovéne angle
spraying can be classified as no deposition regiamsient region and maximum deposition regiorl.[The spray
distance if calculated from horizontal, verticadaradial distance from the spray jet Centre peirtgirio the radial
distance can also be considered and consequeptligd of experiments can be performed to findtbateffect on
deposition [18]. The gas flow rate also plays alvible in the deposition. Maintenance of humidity to 85% is
desirable [19] and many more provisions are inddafAmongst all these, the most feasible factotareng to this
machine of electric arc spraying is the introduttimf secondary air pressure that has the potetatiahcrease the

efficiency.
METHODOLOGY

The air caps are modified in its design by drillingle in its outer core with a specified distanteen, the
normal process of spraying takes place. When theysphich is in the form of arc pressurized by passes though
the main hole, these small holes will create baassure. This back pressure will suck in the sigyarticles that
deviate from its path and will be sent back todbsired main area where it is required. Also, sageamount of dust
spray will be reduced which eventually will accofmt more deposition. The deposition is measuredhbgsuring the
initial and final weights of the roller and also asering the thickness using a micrometer. Fig dwshile existing

design of the air caps whereas Fig 2 is the matldiesign with small holes on its outer core.

The experiment was performed on a roll diametesGff mm with a pressure of 3 kg. the wire used vias z
and the weight of wire is 0.2045 kg. The specifwabf the capacitor stands out to be 10 mm. Thightef the wire

must be

multiplied by 4 since there are four passes of Tpasitive and two negative electrodes. Thus, it bexo
0.818 Kg. Therefore, the percentage of depositficiency is calculated as the difference dividgdtbe length of the

wire. This will give the ratio as to how much igtleposition made from the total wire that was used
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Figure 1: Existing Design Figure 2: Modified Design

Results

Table 1: Trial 1 for the Existing Design

| Terminologies | Values |
Initial Weight 1.272 Kg

Final Weight 1.770 Kg
Difference 0.498
Thickness 0.333-0.363 M
Deposition Efficiency | 60.8802 %

Table 2: Trial 2 for the Existincl) Design

Initial Weight 1.256 Kg
Final Weight 1.782 Kg
Difference 0.476
Temperature 90°
Deposition Efficiency58.19071%

Table 3: Trial 1 for the Modified Design

Initial Weight 1.300 Kg
Final Weight 1.850 Kg
Difference 0.550
Thickness 0.38-0.479 m
Deposition Efficiencyl67.23716 %

Table 4

[__Terminologies | Values |
Initial Weight 1.304 Kg
Final Weight 1.829 Kg
Difference 0.525
Temperature 85°
Deposition Efficiency|64.18093%
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CONCLUSIONS

It is evident from the results that the modifiecsiga shows higher deposition efficiency than thestag
design in all the trials. Also, the temperature tiaspped down to about 5° and the increase in dépo®fficiency of
about 5-10%. Speaking on the financial aspects,réduces approximately 20% of the loss that iainbt currently.
Thus, the method is successful and can be implesdentthe near future which will lead to the oversjuipment

efficiency.
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