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ABSTRACT

Product sustainability in manufacturing industry has become one of the main objectives
for achieving environmental friendly production, with reduced cost. A generic model
aspect presents and investigates the correlation for descriptive survey validation of
manufacturing sustainability, which intends to investigate the correlation among benefits,
drivers, barriers and triple bottom lines. The results can provide executive awareness of
the current complex relations and to the development of an implementation plan. Thereby,
it is possible to upgrade the level of a supply chain management, production,
environmental efficiency and lead to strengthen government policy. The case study was
done on the remanufacturing process at Hibret Manufacturing and Machine Building
Industry (HMMBI), that aimed to investigate the knowhow about remanufacturing. The
survey used an approach of quantifying economic turnover, job opportunities, and CO2

emission reduction size. Methods used to determine CSN

12050 carbon steel product sustainability optimization: (a) Chemical 
composition examination, microstructure and mechanical property testing through 
thermally treated, temperature-dependent process and untreated specimen, using Spectro
test TXC25, muffle furnace, RB 206 Metpress–A, RB 204 Metpol-II, Polisher, 
Ethanol and nitric acid, Metallurgical Microscope, Vickers Hardness tester, and 
WP310 50KN universal material tester machine, respectively. The temperature-
dependent process (recrystallized) sample leads to ease of machinability; (b) 
Experimentation and validation using Taguchi Orthogonal Array, mathematical and 
statistical analysis (ANOVA), as a result the S/N ratio optimum process control 
parameter is obtained at 3 ; (c) Investigation of material removal rate experimental 
result data along with mathematical analysis of cutting parameters to achieve the 
optimum cutting force and reduced power consumption; (d) Mathematical formulation 
and modelling an optimum cutting speed with the corresponding tool life based on unit
production time/cost considering minimum time, cost and power consumption criterion; 
and (e) Finite Element Method (FEM) modeling and simulations with Lagrangian 
approach together with Johnson-Cook (JC) material model has been used to simulate chip 
morphology and to predict the optimum conditions. Specially, the comparison between 
untreated, annealed and recrystallized CSN 12050 carbon steel material mechanical 
property experimentation and FEA simulation analysis result were conducted 
efficiently and achieved a good agreement. The achieved outcome of the research 
work creates an essential ground and important contribution particularly; for HMMBI, 
Ethiopia, and other developing countries for the implementation ofpr oduct 
sustainability optimization philosophy. An investigations of manufacturing 
processes/system, development of sustainable product standards, product design by 
incorporating with remanufacturing concepts, modelling for an energy efficient 
materials and FEM combined with the experimental validations will be recommended for
future works.

Keywords:Product-sustainability-optimization,Triple-bottom-lines,HMMBI,

remanufacturing,Chemical-composition, Thermal-treatment, Microstructure, mechanical-

property,Taguchi-Orthogonal-Array,FEM,Chip-morphology
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