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35 This research is focused on three different heat treatments 
and they are austempering, tempering and a new heat 
treatment cycle of ductile iron and niobium alloyed ductile 
iron. The selection of all heat treatment parameters were 
based on TTT and CCT diagram which were simulated by 
JMart Pro Software. The microstructures were observed after 
etching with 2% Nital using light microscopy and Scanning 
Electron Microscope (SEM). The structures were verified 
by XRD analyses. The physical and mechanical tests were 
then evaluated through density measurement, Rockwell 

hardness (ASTM E18), Tensile (TS EN 10001-01) and Charpy impact (ASTM E23) tests. The fracture surfaces after tensile test 
and impact test samples were examined using Scanning Electron Microscope (SEM). The results showed improvement 
of 60% on tensile strength and 84% on impact toughness with addition of niobium into ductile iron. Superior mechanical 
properties were obtained after the new heat treatment cycle compared to austempering and tempering processes. This 
is due to the formation of fine ferrite platelets and lower bainitic structures and dimple rupture fractograph. It was also 
found that the tensile strength and impact toughness of austempered and tempered samples decreased with respect 
to longer holding times and higher heat treatment temperature. The development of the new heat treatment cycle in 
this research is successful in producing high strength materials. This treatment can easily be utilised in heat treatment 
industry compared with austempering process which required a special salt bath as quenching media.
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In industrial workplaces, many workers perform processes 
jobs in standing position for a long period of time. This 
working practice is a potential contributor to discomfort 
and muscle fatigue to workers. Analysis of discomfort and 
muscle fatigue associated with prolonged standing using 
conventional method has limitations such as individual 
assessment, pen and paper based, and time consuming. 
The objectives of this study are to establish information on 
risk factors pertaining to discomfort and muscle fatigue 
associated with prolonged standing, and analyze muscle 
activity of workers while performing processes jobs in 
prolonged standing. The outcome of the two objectives 
is the development of a decision support  system that is 
specifically utilized to provide semi-qualitative analysis 
and solutions in minimizing discomfort and muscle fatigue 
associated with prolonged standing. Prolonged Standing 
Questionnaire was administered to production workers to 

establish information on risk factors relating discomfort 
and muscle fatigue. A surface Electromyography (sEMG) 
was used to analyze muscle activity while the workers 
are performing processes jobs in prolonged standing. 
Questionnaire surveys and sEMG analysis were conducted 
in a metal stamping industry. It involved 20 production 
workers from metal stamping process lines and handwork 
section. Meanwhile the decision support system was 
validated through a case study performed separately 
in two manufacturing companies. The questionnaire 
surveys reported that all production workers experienced 
discomfort and muscle fatigue due to performing 
processes jobs in prolonged standing. The sEMG 
quantified that the two groups of workers show significant 
difference in mean power frequency (P < 0.05) in the right 
gastrocnemius muscle. Moreover, the right gastrocnemius 
muscle experienced fatigue earlier than other muscles 
throughout the workday. The findings of validation process 
showed that the developed decision support system 
has generated accurate results that are comparable to 
conventional method. In conclusion performing processes 
jobs in prolonged standing has contributed to discomfort 
and muscle fatigue. The developed decision support 
system provided semi-qualitative analysis and solutions in 
minimizing discomfort and muscle fatigue.

in managing records, (d) training and education, (e) records management practices, (f) departmental records officers, 
(g) archives officers, (h) heads of departments, (i) the National Archives of Malaysia, and (j) electronic records. These 
elements support the main themes but only four main themes and 17 sub-themes were clearly associated with the 
question of competencies and the record manager’s discharge of his roles and responsibilities. Findings from a survey 
questionnaire indicated that knowledge and skills required in the ‘creation’ stage were considered most vital. In the final 
stage of analysis, it was revealed that the competencies required by the surveyed Malaysian records managers matched 
only 12 main themes of the competencies elements of best practice manuals with their related sub-themes, leaving one 
unmatched element ‘control’. Notwithstanding, the element ‘control’ should be incorporated in the Malaysian Records 
Managers Competencies Profile due to the existence of electronic records in Malaysian federal ministries.




