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Systematic cutting process design and optimization problems are studied for surface roughness minimization by
stochastic algorithms. As the experimental background of the study, n-type single crystalline silicon (Si) ingot are
cut into Si wafer with a thickness of 375 pm using a wire saw machine. In order to optimize the cutting para-
meters successfully, a two-step study has been organized as (i) a detailed study on multiple nonlinear regression
analysis of the process parameters for predicting the feed rate and wire speed effects, (ii) design and optimization
steps. Regression models include linear, quadratic, trigonometric, logarithmic and their rational forms for the
same surface roughness problem. In design and optimization section, four distinct stochastic optimization al-
gorithms (Differential Evaluation, Nelder-Mead, Random Search and Simulated Annealing) have been performed
systematically to avoid inherent scattering of the stochastic processes. To investigate the advantages and dis-
advantages of the introduced mathematical processes for the similar cutting process problems, a review list are
also given for the optimization on volumetric metal removal rate (VMRR), wear ratio (WR), material removal
rate (MRR) and surface roughness (SR) by distinguishing the modeling methodology, model types, and opti-
mization algorithms. It is also shown that different rational regression models can be utilized with the colla-

boration of stochastic optimization methods successfully to minimize the surface roughness of Si wafers.

1. Introduction

Approximately 90% of solar panels used in the world are produced
using crystalline silicon (Si) (Pei et al., 2003). However, the high-cost of
the silicon material is a major obstacle for solar panel applications.
Based on the sawing technology, the most important strategy for solar
panels is to reduce the production cost and the time of Si wafering.
Additionally, the known fact “cutting process represents 30% of total
wafer production cost” is taken into account: (Yu et al., 2012).

There are two main types of equipment utilized in cutting of silicon
ingots, namely conventional inner diameter (ID) saws and wire saws.
The wire saws have some advantageous compared to ID saws, because
of that they contain higher cutting diameter, higher production cap-
ability, low surface damage and low kerf loss (Zhu and Kao, 2005;
Dongre et al., 2012). The wire saw is one of the abrasive machining
processes commonly used to cut of hard and brittle materials. Since the
1990s, wire saws have been used to produce thin disk shape wafers
from Si ingots and nowadays, they are also widely used in Si wafering
process (Bhagavat and Kao, 2006; Chung and Nhat, 2014; Gao et al.,

2016). In commercial multiple Si wafering processes, slurry-sawn
method is not preferred to avoid three-body abrasion of cutting webs,
which include the wire, SiC grit and silicon (Kumar et al., 2016a).
However, it should be noted that the diamond wire saws have the ad-
vantages in terms of higher feed rate, low surface roughness and clear
operating environment over the slurry wire saw in Si wafering (Yu
et al., 2012; Bidiville et al., 2009).

In the literature, the researches on the cutting process of Si using
wire saws are growing rapidly. The recent studies (Yu et al., 2012;
Chung and Nhat, 2014; Gao et al., 2016; Kumar et al., 2016a; Sopori
et al., 2013; Anspach et al., 2014; Wu et al., 2014, 2017; Bidiville et al.,
2015; Dongre et al., 2015; Mai et al., 2015; Wiirzner et al., 2015; Choi
et al., 2016; Yao et al., 2016; Zhang et al., 2017) on Si wafering in-
cluding ingot types, experimental equipment, variables, and targets are
listed in Table 1. It can be concluded from the studies that the main
purpose of wafer production is to achieve low surface roughness value.
It is also seen that experimental process variables t wire speed and k
feed rate can be distinguished from the others.

It should be noted that, unlike the studies in the literature given

* Corresponding author at: Faculty of Engineering and Architecture, Department of Material Science and Engineering, Izmir Katip Celebi University, 35620 Izmir, Turkey.
E-mail addresses: ozturkksavas@gmail.com (S. Ozturk), leventaydinn@gmail.com (L. Aydin), erdal.celik@deu.edu.tr (E. Celik).

https://doi.org/10.1016/j.solener.2017.12.040

Received 29 April 2017; Received in revised form 16 December 2017; Accepted 20 December 2017

0038-092X/ © 2017 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/0038092X
https://www.elsevier.com/locate/solener
https://doi.org/10.1016/j.solener.2017.12.040
https://doi.org/10.1016/j.solener.2017.12.040
mailto:ozturkksavas@gmail.com
mailto:leventaydinn@gmail.com
mailto:erdal.celik@deu.edu.tr
https://doi.org/10.1016/j.solener.2017.12.040
http://crossmark.crossref.org/dialog/?doi=10.1016/j.solener.2017.12.040&domain=pdf

Solar Energy 161 (2018) 109-124

S. Ozturk et al.

"MES SIM ALIM]S :SMS ‘MeS IIM PUOWRIQ :SM ‘MeS 3IIM PUoWRIq BN :SMAN ‘MBS ALIM[S SIM-NTA :SSMIN

syI8uans a1njdel) 9] pue aSewIep 2JBJINS ‘ssoUYINol adeyINg - SSMIN pue SMd 1S ow 2dA)-q4 (2102) T8 3 nx
98eurep aoejms pue ssauy3nol adeyNg - SSMIN pue SMd 15 snoydioury (€£102) ‘Te 10 110dog
a1m painionas 3ursn sjuswiriadxe Juimes a1m I[3uls 8uI[ ¥o0[q 1S SMa 1S-oW ($102) Te 39 yoedsuy
BRI
sIojem 1S Jo y1duams ainjoely pue A)ifenb aoejins ay) uo Suimes axm Sunedoiddal Jo s10aye Yy SurzATeuy 3umnd Jo suoneLeA adURISIP PIEMYDR] PUB PIEMIO] SSMIN 1S-ow #102) Te 19 nM
syad
UOTIBZ[WITUTW SSOUYSNOI 9JBJING  PUOWRIP JO UOIINQLISIP PUB 9ZIS D)X PIoj ‘paads aIm SMa paymwads I0N  (£107) JeyN pue Sunyn
a1IM Je[j pI[ed awn ygo-asnd el
‘adeys a11m mau e Aq Suisn UONIPUOD UOISUS] 1M YSTY Jopun JuaLmd 231eydsip jo Aeded peof ay) Suisealdu]  padj ‘uonenp A8IeydsIp YULLmMD 331eydsIp ‘paads 21T\ SMd 15-0d (ST02) Te 30 TR
sisATeue sy3dop YorId OIDTUI PUB JUSUIDINSBIUT
sSoUY3NO0I 9JBJING 'SIOJeM IS-OW JO dFewep 20eJIns Y} UO SINIIO[PA AIIM JUIYIP Jo 1oedwr oy SurzATeuy paads a1ipm SMa 1S-ow (ST10T) ‘Te 10 Jouzmm
JULIND
UOTIBZIWITUTUI SSO] JI9)] pue 94> Anp yS1oy 2091d yI0oM ‘IS)oWRIP AIIM SMS payads J0N (S102) 'Te 10 218uoq
padojaaap oste st ssad01d
Buimes 9y} Jo [apour D1dOISOIDTW B ‘SSAWIIY] Iojem Y} pue ssauydnor adeyms ay) ‘yduans Surpuaq I9yepy 9kl PI9j puE UOISUS) AIIM ‘UOTIORIJ SWNJOA JAISRIQY SSMIAL 1S-ow (S102) ‘Te 19 o[[IAIPIg
I9Jem 1S Sumind Jo UONN[OS S)I PUE WSTUBYDIW UONBUIUIEIUOD ND JO Uone3nsaAuy S[qeLIEA JUBISUOD SSMIN 1S-ow (9102) 'Te 12 10yD
doueuriojrad Surmes dIIm dY) UO UONNALIISIP PUe 193)jd AJISUIUT P[oY dnaudew a1} Jo uonesnsaAuy Aysuayur ppRY dnaudey SMa 1S pue sse[8 reondo (£102) ‘Te 10 Sueyz
yadop Sumnd WnNWIXeur yIim UodI[IS ut
UOTIEISUDS YDOBID 0] UOTIRULIOJOP 3 JO S}NSaI SUI[SPOU JUSWIDS 3)IUY pue [ejuswIodxe usamiaq uosireduro) poads a1im 9210j Surpasg SMa 15-0d (4102) Te 10 NM
IoJem 1§ Jo sisATeue oSewep 20BJINS puUE SSIUYINOX
90BJINS IIM MBS dIIM pUOUIRIp UIsal SULND-A( I9Ae[ 3[qnop pue d[3uis Jo sdueurioyrad Sumnod jo uostredwon paads a1ip SMa 15-2d (9107) 'Te 12 oex
s1oyem IS Jo a8eurep aoejImsqns ‘ssauySnol aoejns ‘A3ojoydiowr 90eJINS JYJ UO IJLIM DIIM JO 1IJJd YL SUOIID3S AIIM PIsn pue MaN SMAIN 1S-ow (89102) 'Te 32 Tewny|
drem
pue (ALL) UONELIBA sSaWDIY) [10) ‘Yidop pue aSewrep }OrId-0IdIUW 2JBJNSANS ‘(YS) SSUYSNOI adeJINS I9Jep paads paay ‘paads a1 SSMIN 1S-ow (9102) 'Te 19 oen
1981k, TRIUSUILIAdXY dlqerrep ssado1d  Juswdmby ‘dxg 2d4J, 108Uy Apms

-3ULIaJeM IS UO SIIPNIS JUdAY

I 9IqeL

110



Download English Version:

https://daneshyari.com/en/article/7935732

Download Persian Version:

https://daneshyari.com/article/7935732

Daneshyari.com


https://daneshyari.com/en/article/7935732
https://daneshyari.com/article/7935732
https://daneshyari.com/

