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FOREWORD 

This training standard specifies the practical training that shall be given to apprentice in one of the occupations categorized for apprenticeship training in accordance with provisions of the National Apprenticeship Act, No. 49 of 1971.

The National Apprenticeship Board was established by the Act to formulate, implement, and supervise a scheme of training to cover each category of apprentices.  In addition, employers are required, under section 47 of the Act, to make suitable arrangements in their establishments for the practical training of all apprentices under their charge in accordance with training programmes prescribed by the Board. In order to facilitate efficient and effective discharge of these responsibilities by the Board and employers, the Board established a Committee to formulate this comprehensive scheme and standard of training. 

The Committee was made up to representatives of public and private sector employers, trade unions, Government Departments and the Board, who posses high levels of competency in the work processes of the occupation or in vocational training. Deliberations of the Committee were assisted by analysis of the work processes in representative establishments which were performed co-operatively by technical personnel of the establishment and of the Board.  The training standard therefore, reflects the skill and knowledge that representative employers required skilled personnel in the occupation to possess. 

The training standard has been amended by the National Consultant in Civil Engineering under the aegis of the UNDP / ILO Apprenticeship Training Project. 

This standard will be kept under continuous review and will be further amended as technological development produces significant changes in skill and knowledge requirements of the occupation.  Nevertheless any suggestions for improvement will be welcomed.

Sincere appreciation is extended to employers and their personnel for generous contributions of technical advice and assistance and to members of the Committee for the diligent exercise of care and effort in the formulation of this training standard. 
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TRAINING STANDARD FOR

SPECIAL APPRENTICES IN MECHANICAL ENGINEERING

1. OBJECTIVE OF THE TRAINING PROGRAMME:

Special Apprentices in Mechanical Engineering are defined as persons undergoing special scheme of apprenticeship training in establishments engaged in the manufacture, installation, repair, and maintenance of mechanical plants. Machinery, equipments, and other industrial products with the objective of qualifying for employment in appropriate grades of supervisory or management positions in such establishments. The objective of this training programme is therefore to provide organized, systematic and broad based practical training and experience in the work processes involved in the manufacture, installation, assembly, repair and maintenance of the aforesaid items together with appropriate theoretical and technical instruction at the Technician Training Institute.

(1) 
The apprentice is expected to cultivate his powers of observation and make use of the facilities provided to acquire the level of skill and knowledge in each aspect of training as specified under the minimum level of performance stated against each item of the training standards.

(2) 
During the training the apprentice should actually and activity engages himself in the work, rather than be content with merely watching other people work.

(3) It may not always be possible for every apprentice to be provided with facilities to cover all aspects of training as envisaged in the training standards.  However, opportunities will normally be provided to cover a substantial part of the training standards and apprentices   should make every effort to make the best use of the opportunity provided and benefit to the maxi mum from the training standards.

2. OCCUPATION DEFINTITION:

The special apprentices in the category on their completion of training are expected to be able to perform the following functions.

(1) 
Interpretation of specifications, drawings, job orders and determination of sequence in a work programme.

(2) Preparation of estimates with bills of quantities cost of materials and labour requirements for manufacture and/or installation where applicable and ordering of the materials required for such manufacture and/or installation.

(3) 
Preparation of work schedules assignment of duties to workers and supervision and control of workers.

(4) 
Recommendations to improve production methods, equipment performance and cost control, 

(5) 
Resolution of common worker problems.

(6)
Co- ordination of work with other units within the establishments.

(7) Inspection and testing of completed work to ensure conformity with specifications and safety standards.

(8) 
Promotion of safety and accident prevention methods.

3. SPECIAL PERSONAL QUALITIES, ABILITIES AND INTERESTS REQUIRED FOR THE OCCUPATION:

The special personal qualities, abilities and interests required for success in the occupation, in addition to the general qualifications for entry into apprenticeship and general aptitude for Mechanical Engineering are as follows.

(1) 
Interests
Applied mechanics, mathematics science and graphics; work with hands, tools and machines; human contact and inter relationship; Mechanical Engineering Projects.

   (2) 
Temperament
Patience, perseverance, flexibility and determination; adjustment to frequently changing variety of duties; to work under high stress working alone or with others; to work precisely within set limits of accuracy; gaining and retaining the confidence of people.

   (3) 
Cognitive Abilities 

Form, depth and spatial Perception; colour discrimination; memory for details; correct reception interpretation and transmission of oral, written and graphic communications; to plan work sequence; paying attention to detail and accuracy of workmanship; learning and applying Mechanical Engineering theory and practices

   (4) 
Psychomotor Abilities
Eye – Hand – Foot – co – ordination, hand and finger dexterity and touch discrimination

   (5) 
Physical Stamina and Dexterity
Lifting up to 25kg, and carrying up to 15kg; ability to stoop, crouch, kneel, reach, push and pull; tolerance of working conditions that may include-

Work inside and out side 

Poor visibility and cramped quarters;

Grease, dirt, noise, vibration, fumes, heat; 

Hazards of cuts, bruises, burns, strains, (under emergencies.)

4.   RESPONSIBILITIES OF EMPLOYERS AND APPRENTICES.

The responsibilities of employers and apprentices, in addition to these that may be prescribed in the National Apprenticeship Act, gazetted Regulations and Contract of Apprenticeship are as follows:-

Employers

(1) 
Provision of suitable workshop facilities, tools, and equipment supplies and materials, instruction by competent personnel and work experience for apprentices to acquire the skill knowledge and attitudes required for successful employment.

(2) 
Timely rotation of apprentices though the modular units and tasks specified in the training standard.

(3) 
Supervision and evaluation of the progress in practical training and work of every apprentices, maintenance of prescribed apprentices training and progress records and submission of such records for inspection by authorized personnel of the National Apprenticeship Board.

(4)  
Release of apprentices during normal working hours for related theoretical instruction and such other activities as may be authorized by the National Apprenticeship Board.
Apprentices

(1)
Compliances with employer’s rules. Regulation s and orders related to procedures, hours and condition or work safety discipline, personal conduct and all other matters not contravened by provisions of the National Apprenticeship Act and Regulations.

 (2) 
Diligent and satisfactory attention to and performance of work assigned by employers with due regard for the employer‘s facilities and equipment, tools and machinery supplies and materials products, time and costs, work practices and customer relations.

(3) Satisfactory attendance and progress in practical training, related theoretical instruction and other prescribed activities, maintenance of prescribed training diaries and other records; and submission of such records for inspection and verification by authorized personnel of employers and the National Apprenticeship Board

(4) Attendance at appointed time and place for periodic attainment tests and final examinations as approved or prescribed by the National Apprenticeship Board.

5.    DURATION AND SCHEDULE OF TRAINING / INSTRUCTONS.

The duration of Special Apprenticeship Training in the field of Mechanical Engineering shall be 04 Years, comprising

(1) 
03 years of practical training made up of one year after Basic Instructions and two years of one year each after General and Specified Instructions at the T.T. I

(2)
The duration of instruction shall be 6 months for Basic and 3 months each for General and Specialized.

(3)    Each year shall consist of 44 weeks or minimum of 220 working days. Each working day being of 08 hours duration.

(4)   Credit for previous training and/ or experience and/or related instructions may be granted at the discretion of the Director of Apprenticeship.

6. PROBATIONARY PERIOD:

The first six months of the first year of apprenticeship shall be considered as the probationary     period.

7.
   QUALIFICATIONS FOR ENTRY:

The qualifications for entry into Special Apprenticeship instructions and training in the field of   Mechanical Engineering are as follows:-

(1) Age:
No less than 18 or more than 25 years of age. However, the upper age limit will not apply in the case of 5.4 above.

(2) Educational Qualifications:
A pass at GCE (O/L) Examination in 6 subject sin one sitting including language or literature (Medium of Instruction) and a minimum of three credit passes, two of which should be in  physics and Pure Mathematics. Applied Mathematics, and Geometrical and Mechanical Drawing.

OR

A pass at NGGE Examination in one sitting including Language (Medium of Instruction) and a minimum of three “B” Grade passes, two of which should be in Science and Mathematics. Preference will be given to those with at least “C” Grade pass in Pre-Vocational I and Pre Vocational II.

OR 

A pass at GCE (O/L) Examination – Interim, in 6 subjects in one sitting including language (Medium of Instruction) and a minimum of three credit passes two of which should be in Science and Mathematics. Preference will be given to those with at least a credit pass in Pre-Vocational Studies.

OR

A pass at GCE (O/L) Examination – new syllabus, in  6 subjects in one sitting including (language Medium of Instruction) and a minimum of three credit passes two of which should be in Science and Mathematics. Preference will be given to those with at least a credit pass in Technical Studies.

 PHYSICAL FITNESS:
Satisfaction of the minimum of standards of physical fitness prescribed in Regulation No. 9 of the National Apprenticeship Regulation No. 1 of 1973.

8.
CONTRACT OF APPRENTICESHIP :

A contract of apprenticeship will have to be signed by or on behalf of the apprentice and the employer. This has to be registered with the Director of Apprenticeship.

9.  
MONITORING AND ASSESSMENTS :
Apprentices will be inspected and monitored during the period of industrial training by personnel authorized by the Director of Apprenticeship. 

Every apprentice shall appear for periodic and final attainment tests both in Practical and Theory. These tests will be as prescribed by the National Apprenticeship Board, and conducted by duly constituted boards and panels, appointed by the Director of Apprenticeship. 

10.
 
CERTIFICATE OF PROFICIENCY :

The National Apprenticeship Board will award its Certificate of Proficiency in the  field of Civil Engineering to apprentices who –

Attend a minimum period of 04 years of industrial training and instructions, establish satisfactory records of conduct, attendance and performance in all phases of instruction and industrial training and practice. 

Obtain pass marks in all tests and examinations approved or prescribed by the National Apprenticeship Board.

Satisfactory completion of instructions and inplant training, and obtaining the Certificate of Proficiency, may entitle the Apprentice to enroll himself as a student Member of the Institution of Engineers, Sri Lanka in terms of the rules and regulations of the Institution then in force.

11.  LEVELS OF PERFORMANCE : 


Level 01
Basic knowledge and understanding 


Level 02   Good knowledge and understanding and performance ability at basic level, 




where applicable

     Level 03
Thorough knowledge and understanding and  good performance ability, 

where applicable.

13.   ABBREVATIONS:

MES

-
Module of Employable Skills.

MU 

-
Module Unit

LP 

-
Level of Performance

WKS

-
Duration in Weeks.

MECHANICAL ENGINEERING (GENERAL)
INDEX OF TRAINING MODULES
PHASE I – BASIC TRAINING

MES
MU



TITLE


DURATION

PAGE


IN WEEKS


MG01

BENCH FITTING





12

MG01
 01
Orientation to fitting workshop





8


 02
Layout and mark work pieces
 





8


 03
Cut, chip, file and scrape to specified shapes and dimensions 

8


 04
Drill holes and tap







9


 05
Assemble components 






9

MG02

MACHINING 1





08

MG02
 01
Orientation to machine shop






9


02
Operate and maintain drilling machines




9


03
Operate and maintain lathe machines 




10


04
Operate and maintain shaping machines 




11

MG03

WELDING AND FABRICATION 



12

MG03
01
Orientation to the welding shop





11


02
Prepare workpieces for welding 





12


03
Acquire skills in Gas welding and cutting




12 


04
Acquire skills in Arc welding






13

MG04

BLACKSMITH SHOP




06





MG04
01
Orientation to Blacksmith shop





13


02
 Prepare for Blacksmith work






14

            03
Forge metal








14
MG05

COPPER AND TIN SMITHY 



06
MG05
01
Sheetmetal work 







15


02
Soldering and Brazing







15

MG06

BENCH CARPENTRY 




04
MG06
01
Bench Carpentry practice 






16

MECHANICAL ENGINEERING (GENERAL)

INDEX OF TRAINING MODULES

PHASE I – BASIC TRAINING

	MES
	MU
	Item No.
	Practice
	WKS
	LP

	MG 01

MG 01
	01
02
03
	01
02

01

02

03

01

02

03

04

05

06


	BENCH FITTING

Orientation to Fitting Workshop 

Identify fitting shop organization, physical layout, stores facilities and procedures.

Identify workshop hazards, safety precautions and 

Firstaid facilities and practices.

Layout and Mark Workpieces 

Identify common measuring and marking out tools.

Read and interpret workshop drawings. 

Prepare surfaces and layout and mark workpieces to specifications. 
Cut, Chip, File and Scrape to Specified Shapes and 

Dimensions 

Identify  common engineering hand tools such as vices hammers files, chisels, saws, trysquares, calipers, straight edges and rulers. 

Cut stock to specified size with hacksaw or shears. 

Chip workpieces to specified shapes and dimensions.

File flat, parallel, square round or inclined surfaces and profiles. 

Scrape flat surfaces.

Check and measure workpieces using; micrometers; depth, height and dial gauges, T square; protractors, straight edges and surface plates. 


	12
	03

03

03

03

03

03

03

03

03

03

03


	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 01
MG 02
     MG02
	04

05
01
02
	01
02
03
01

02
03
01
02
03
01
02
03
	Drill holes and tap

Select correct drill size required. 

Operate portable or bench drills and drill holes. 

Cut thread using stock and dies, and wrench and taps. 

Assemble Components 

Scrape and plish surfaces as required, fit bushes, sleeves, bearings shafts Ream holes to suit shafts or pins. 
Practise removing and installing shafts, bushes, sleeves, bearings using pullers and presses. 
Fasten components together with bolts, nuts, screws, studs or rivets. 
MACHINING (1). 
Orientation to machine shop 
Identify machine shop administrative organizations, physical layout stores facilities, and procedures. 
Familiarize with types and functions, of various machine tools.

Identify potential hazards and special safety precautions and safe practices adopted in the machine shop. 

Operate and maintain drilling machines. 

Acquaint with the construction features of the drilling machines and identify their major components. 
Acquaint with different types of drilling machines and 

reasons for selecting for their particular jobs. 
Acquaint with the different methods of positioning the workpiece for drilling. 
	08


	03
03
03

03

03

03

03

03

03

03
03
03


	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 02

MG 02

	02

03


	04
05
06

07

08

01

02

03
04
05
06
07
08
09
	Familiarize with different types and sized of drills available and reasons for selection for particular jobs. 

Familiarize with different methods of fixing the drill in the machine. 

Acquire skills in drilling on different types of workpieces. . 

Acquire skills in boring, counter sinking and tapping using the drilling machine. . 

Carry out routine maintenance and servicing of the drilling machines. 
Operate and maintain lathe Machines 

Acquaint with the construction features of the lathe machines and identify their major components. 

Familiarize with different type of lathe machines eg. Centre lathes, capston lathes, turret lathes automatic and semi automatic and special purpose lathes and the reasons for selecting a particular lathe for a given job. 
Familiarize with the methods of fixing the workpiece on the machine / with the use of 3 jaw chuck, 4 jaw chuck, face plate or collect chucks etc. and methods of centering the workpiece in each case. 

Familiarize with different types of lathe cutting tools and tool holders and carry out correct setting of tools. 

Familiarize with correct methods of tool sharpening with particular attention to cutting, rake, and relief angles for different materials and duties. 

Carry out straight turning, step turning and facing of workpieces to correct sizes with rough and fine cuts. 

Familiarize with appropriate cutting speeds, feeds, and depth of cuts. 

Carry out boring, using boring tools. 

Carry out different methods of taper turning.  

	03
03
03
03
03
03

03

03

03

03

03

03

02
02


	

	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 02

MG02 
MG 03
MG 03

	03

04
01

	10
11
01

02

03
04
05
06
07
08
01
02
03
	Carry out internal and external thread cutting. 

Carry out routine maintenance and servicing of the lathe machine. 

Operate and maintain shaping machines. 

Acquaint with the construction features of the shaping machines and identify their major components. 

Acquaint with the different methods of positioning the workpiece for different types of machining. 

Acquaint with different types and sizes of tools and holders for the shaping machine. 

Acquaint with the adjustment of position stroke, speed of ram and feed of table. 

Shape flat, parallel and square surfaces. 

Slot splines and key ways. 

Shape inclined, grooved and curved surfaces. 

Carry out routine maintenance and servicing of shaping machines. 

WELDING AND FABRICATION 

Orientation to the welding shop 

 Identify administrative organization, physical layout stores, facilities and procedures, of the welding shop. 

Identify potential hazards, and special safety precautions and safe practices adopted in the welding shop. 

Identify common metals used (mild steel, cast steel, cast iron, copper, brass, aluminium) by workshop tests (visual, sparks, chips and acoustic). 


	12
	02
03

03
03
03
03
02
02
02
03

03

03


	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 03

MG 03

	02

03


	01
02

03

04

01
02
03
04
05
06
07
08
09
10
11
12
	Prepare workpieces for welding 

Prepare metal workplaces, for welding, using degreasing solutions, wire brushes, files, grinders etc. 

Read and interpret workshop drawings. 

Layout and mark metal for welding as required. 

Position and secure workpieces in place using jigs and fixtures required. 

Acquire skills in gas welding and cutting 

Identify oxygen and acetylene cylinders by colour coding and by type of regulator firings. 

Assemble; regulators, hoses, and welding and cutting torches and check for leaks select correct type and size of blow pipe, adjust gas pressure, ignite blow pipe and adjust flame. 

Familiarize with different types of flames :neutral oxidizing and carbonizing. 

Familiarize with different types of fluxes and welding rods. 

Familiarize with gas welding techniques leftward and rightward welding. 

Make fusion welds on 1/16” or thicker metal in flat position with and without filler rods. 

Weld, butt, fillet, lap, inside and outside corner and edge joints in down hand, vertical, horizontal, and overhead positions. 

Weld butt, tee and mitre joints in pipes round bar and angle sections in all positions. 
Fusion weld cast iron. 

Bronze weld cast iron and mild steel. 

Weld non ferrous metal such as aluminium, copper, brass and bronze. 

Use oxy acetylene flame to cut plates, pipes, round bars and rivers. 
	
	02

02

03

03

03

03

03

03

02
02

02

02

02
02



	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 03

MG 03

	04

	13
01
02

03

04

05
06
07
08
09
10
11

	Familiarize with common gas welding and cutting defects, their contributory causes and methods of minimizing same. 

Acquire skills in arc welding.

Familiarize and set up arc welding equipment, adjust current in accordance with the job requirements and select and install appropriate electrods. 
Familiarize with arc welding hazards and appropriate safety planning. 

Read and understand the welding procedure. 

Familiarize with methods of workpieces and teaching details. 

Weld, butt, tee and mitre joints in flats round bars, and pipes in all positions with weaving or beading techniques. 

Familiarize with the selection appropriate electrodes and preheating and post heating techniques for parent metals and filler metals. 
Remove slag from weld using chipping hammer and wire brush. 

Finish weld according to specifications using grinders, polishers. 

Familiarize with methods of testing welds ie destructive and non destructive methods. 

Familiarize with common welding defects and methods of minimizing same. 

Familiarize with industrial welding techniques eg. TIG, MIG and submerge arc processes. 


	
	03

03

03

03

03
03

03

02

02

03

03

03



	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 04

MG 04

MG 04

	01

02
03

	01
02

03

01

02

03

04

01

02

03

04

05
06
07
08
09
10

	BLACKSMITH SHOP 

Orientation to Blacksmith shop 

Identify blacksmith shop administrative organization, physical layout tools and equipment, storage facilities and procedure.  

Identify workshop hazards, special safety precautions and first aid facilities. 
Identify types and functions of blacksmith tools and equipment such as power hammers, anvils, tongs, dies, hammers and punches. 

Prepare for blacksmith work 

 Prepare blacksmith tools such as tongs, hammers chisels, punches, swage blocks and anvils for use. 

Prepare forge and make fire. 

Prepare furnace and ignite fuel. 

Set up power hammers. 

Forge metal 

Read and understand workshop drawings. 

Identify qualities methods of determining the correct forging temperature by visual observations. 

Acquaint with methods of determining the correct forging temperature by visual observations. 

Heat metal workpieces to temperature appropriate for forging. 

Bend, twist, draw down, spread, upset shoulder, punch and drift metal in accordance with specifications. 

Manufacture forging tools such as hammers, chisels, punches, tongs, flatters, fullers, groovers.

Acquiaint with power hammers. 

Fire  weld metals.

Harden temper anneal and normalize carbon steels.

Harden and temper cutting tools. 


	06

	03

03

03
03

03

03
02
03

03
03
03

03

02
02
02
03



	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 05

MG 05
MG 05

	01
02

	01
02
03
04
05
06
07

08
01
02
03
04
05

	COPPER AND TIN SMITHY 

Sheet metal work 

Familiarize with different types of sheet metal (black iron galvanized iron, tin plates etc.) gauges and thicknesses of sheets and standard sizes of availability. 

Familiarize with different types of wire and wire gauges. 

Familiarize with tools used in sheet metal work. 

Mark and cut sheet metal using snips, shears and guillotines. 
Bend sheet metal using stakes and bar, folders, bending machine, Identify different types of bends. 

Form cylindrical parts by hand rolling, machine rolling. 

Familiarize with making different types of seams eg. Butt, lap, folded and grooved seams. 
Familiarize with different types of joints eg. Folded, riveted, welded. 

Soldering and brazing .
 Identify joints which could be soft soldered. Familiarize with form and composition of soft solder and fluxes used. 
Familiarize with techniques of soft soldering components. 
Familiarize with bronze welding. 

Familiarize with brazing. 

Familiarize with remettaling of bearings. 


	06

	03

03

03

03

03

03

03

03

03

03

03

03

03




	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 06

MG 06

	01

	01
02
03
04
05
06

	BENCH CARPENTRY 

Bench carpentry practice 

Identify different types of timber available locally, their qualities and common defects. 

Familiarize with popular sizes of sawn timber for different applications. 

Identify tools and equipment used in carpentry shop. 

Practise common operations on timber eg. Sawing, chiseling, drilling planning, sanding, polishing. 

Practise common joints eg. Half-lap, bridle, dovetail, mortise and tenon, wedged joints etc. 

Familiarize with preparation of timber lists for different jobs. 


	04

	03

03

03

05

05

05




MECHANICAL ENGINEERING (GENERAL)

INDEX OF TRAINING MODULES

PHASE II – GENERAL  TRAINING


MES
MU



Title 


Duration 

Page 


MG 07


FOUNDRY PRACTICE


04

MG 07
       01

Orientation to the foundry 





18


       02

Pattern making 






18


       03

Mould and core making practice 




18


       04

Melting ferrous and non ferrous metals 



19

MG 08
       

MACHINING II



04
MG 08
       01

Milling 







20


       02

Grinding 







20


       03

Boring 







20


       04

Slotting and planning 






21

MG 09


REPAIR & OVERHAULING OF INTERNAL COMBUSTION 



ENGINES




16
MG 09
       01

Orientation to the engine repair section 



21


       02

Dismantle engine






21


       03

Recondition crank case





22


       04

Recondition camshafts and crank shafts 



22


       05

Recondition piston and connecting rod assemblies 


22


       06

Recondition cylinder heads 





23


       07

Recondition fuel injection system




23


       08

Recondition Lubrication system components 


24 


       09

Recondition   cooling system 





24

10

Recondition Turbochargers





24


11

Testing of IC Engine 






24

MG 10


PUMPS HEAT EXCHANGERS & AIR COMPRESSORS
10
MG 10
01

Repair and maintaintenance of pumps 



25


02

Repair and maintenance of heat exchangers



25


03

Repair and maintenance of air compressors



26

MG 11


BOILER & PRESSURE VESSELS


06

01

Cleaning and inspection of boiler




26


02

Familiarize with boiler repair practice



27


03

Boiler mountings






27


04

Pressure vessels






28

MECHANICAL ENGINEERING (GENERAL)

INDEX OF TRAINING MODULES

PHASE II – GENERAL  TRAINING

	MES
	MU
	Item No.
	PRACTICE
	WKS
	LP

	MG 07

MG 07
MG 07
MG 07

	01
02
03

	01
02
03
01
02
03
04
01
02

03

04


	FOUNDRY PRACTICE 
Orientation to the foundry 

Identify workshop administrative, organization, physical layout, stores facilities and procedures. 

Identify workshop hazards, safety precautions and firstatid facilities and practices. . 

Familiarize with tools and equipment used in the foundry. 

Patten making 

Familiarize with methods of transferring engineering drawings to pattern makers drawings. 

Acquaint with contraction scales for common metals like cast iron, steels, brass, aluminium. 
Practice making different types of patterns out of timber and aquiant with species of timber suitable for this work. 

Acquaint with precautions to be taken to make it possible to withdraw the pattern easily form the mould. 

Mould and core making practice 

Identify different types of sand used for moulding under different circumstances. 

Identify different types of natural and synthetic binders used in making moulding sand and core sand. 

Familiarize with methods of testing moulding sand and the desirable compositions. 
Familiarize with different types of moulds eg. Green sand, dry sand, permanent moulds and investment casting moulds. 
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	Familiarize with tools used in mould making 

Familiarize with the use of mould boxes. 

Practice making simple moulds. 

Practise making cores. 

Melting ferrous and non ferrous metals 
Identify the different types of melting furnaces eg. Cupola, crucible, Induction furnace, arc furnance and the circumstances under which each type is selected. 
Familiarize with the lining materials used for furnaces and the preparation of furnances before commencing a melt. 

Familiarize with the composition of the charge for each type and the methods of charging the furnaces. 

Familiarize with methods of testing the melt and adjusting the composition of the melt to desired conditions before pouring. 
Familiarize with fluxes and additives like ferro silicon, ferro manganes, nickel, magnesium, phosper copper etc. and the circumstances under which they are added. 

Familiarize with correct pouring temperatures for different metals and methods available to measure such temperatures. 

Familiarize with the method of preparation of the ladle for collecting the molten metal. 

Familiarize with the method of pouring the metal to moulds and precautions taken to minimize casting defect. 

Familiarize with common casting defects and methods of avoiding same. 
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	MACHINING II 
Milling 

Familiarize with the construction and functions of milling machines of different types eg. Horizontal, vertical and universal milling machines. Identify major components and their functions. 

Identify  different types of milling cutters, their applications and sharpening methods. 
Familiarize with setting up of milling machine for operation holding of cutter on the machine and 

Work on the table and setting of correct and speed and feed. 

Practice different types of milling operations eg. Side milling, face milling and milling, form cutting, straddle milling  

Familiarize with the use of the dividing head. 
Mill external and internal slots, grooves, keyways and splines.

Carryout milling of gears, eg. Spur gears, helical gears and bevel gears. 

Grinding 

Acquire skills in operation of bench grinders and the safety precautions to be taken. 

Acquire skills in operation of portable flexible shaft grinders for internal and external surface grinding. 

Familiarize with the use of and operation of surface grinding and cylindrical grinding machines. 

Familiarize with the sizes and types of grinding wheels and the basis of selection for a particular job.
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	Boring 

Set up work pieces, with jigs and fixtures where necessary to mount, adjust correct type and size of boring tools in boring bars.

Gain practice in boring internal straight and stepped surfaces and in facing flat, parallel and square surfaces. 

 Slotting and Planning 

Familiarize with the operation of slotting and planning machines including setting of work, setting of tools and adjusting the speeds and feeds.

Familiarize with planning flat, parallel and square surfaces.

Acquire skills in slotting keyways and splines. 

REPAIR AND OVERHAUL INTERNAL COMBUSTION

(IC) ENGINES 

Orientation To The Engine Repair Section. 

Identify engine repair shop administrative organization, physical layout, stores facilities and procedures.

Identify workshop hazards, safety precautions, first aid facilities and practices.

Read and interpret engine and equipment manufacturer’s service manuals.

Operating instructions, parts catalogue, specification tables charts and diagrams.

Identify types, uses and location of tools equipment, materials and supplies used in the section.
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	Dismantle Engine 

Wash and clean engine externally.

Remove engine accessories such as fuel pumps, turbo chargers and starter motors, inlet and exhaust manifolds and pipe connection.

Remove cylinder head covers and cylinder heads.

Drain oil and remove pump.

Remove big end bearing caps and pull out pistons and connecting rod assemblies.

Remove main bearing caps and remove crankshaft.

Remove camshafts.

Remove timing gear train.

Remove cylinder liners.

Recondition Crankcase.    (Cylinder Block In Small IC Engines) 

Clean crank case (cylinder block).

Inspect and attend to necessary repairs.

Replace with new or reconditioned cylinder liners.

Check main bearings housings and repair if necessary.

Check camshaft bearings and repair if required.

Recondition Camshafts And Crankshafts.

Wash and clean camshafts including oil passages.

Inspect the shafts and journals for cranks and other visible defects, measure for wear, ovality and taper of journals and carryout repairs if require.

Check for slack balance weights and tighten.

Refit crankshaft and check for alignment and end float using dial gauge.

Refit camshaft and timing gears.

Refit vibration damper.

Refit flywheel.
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	Recondition Piston and Connecting Rod Assemblies. 

Dismantle and clean piston and connecting rods.

Measure pistons for wear and ovality and ring grooves for wear.

Check connecting rods for distortions and wear.

Check bigend bearing bores for wear, ovality and taper. 

Clean and inspect gudgeon pins, check fit in pistons and connecting rods.

Assemble pistons and connecting rods.

Fit rings on pistons.

Install piston and connecting rods assemblies in crankcase.

Recondition Cylinder Heads.

Dismantle vales and rocker gear.

Wash and clean.

Inspect for defects and recondition where necessary.

Reassemble with new or reconditioned components.

Assemble cylinder head on crankcase and tighten holding down bolts to specifies torque.

Recondition Fuel Injection Systems.

Dismantle fuel injection pump to its components.

Wash and clean.

Inspect for wear and defects.

Reassemble pump with new or reconditioned components.

Phase and calibrate pump on test bench.

Dismantle fuel injector to its components.

Wash and clean. 

Inspect for wear and defects.
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	Assemble injector with new or reconditioned components.

Test injector on test bench.

Determine pump timing and install injection pump on engine.

Install fuel injectors and connect pipes in correct sequence.
Recondition Lubrication System Components.

Dismantle and clean lubricating oil pumps.

Inspect and assemble oil pumps.

Clean, inspect and reassemble oil pressure regulating valves.

Inspect, recondition and reassemble oil pipes.

Clean, inspect and install oil filters.

Recondition Cooling System Components.

Dismantle and clean water pump.

Inspect and recondition components.

Assemble water pumps and test.

Clean, inspect and repair valves and thermostatic control valves.

Inspect, repair or replace pipes and hose pipe.

Recondition Turbochargers.

Dismantle and clean turbochargers.

Inspect and recondition components.

Reassemble with new or reconditioned components.

Testing Of IC Engines.

Check that engine assembly is complete.

Fill required fuel, water and lubricating oil.

Bar engine and see that it rotates freely.

Crank and start engine.

Run at idling speed and set the idling speed.
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	Check that the cooling water and lub oil flow is functioning correctly.

Stop engine and feel the main and big end bearings for sign of excessive heating.

Restart engine run at higher speeds up to the maximum speed on no load and set the governor for required speed.

Couple the engine to a suitable dynamometer and run at different speeds and loads.

Measure, speed, load, inlet air temperature exhaust temperature cooling water inlet and exit temperature and rate fuel consumption.

Calculate B.H.P. and engine efficiency.

PUMPS, HEAT EXCHANGERS & AIR COMPRESSORS
Repair And Maintenance of Pumps

Familiarize with construction details and materials used for different types of pumps such as reciprocating, centrifugal, gear and screw pumps and their application for various types of service.

Acquire skills in dismantling, inspecting, overhauling and reassembling of reciprocating pumps.

Acquire skills in dismantling; inspecting, overhauling and reassembly of centrifugal pumps with particular attention to impellers, shafts, wear rings, metallic pickings and seals.

Acquire skills in dismantling, inspecting, overhauling and reassembly of other special types of low and high-pressure pumps.

Familiarize with testing of different types of pumps after overhauling.

Repair and Maintenance of Heat Exchangers

Familiarize with different types of heat exchangers for various services.

Familiarize with methods of detecting leaking or burst tubes in tubular type heaters, coolers and condensers.

Acquire skills in cleaning and renewal of tube.

Familiarize with the process of chemical cleaning of shell and outside of tubes.

Acquaint with dismantling, cleaning and reassembling of plate heat exchangers.

Familiarize with pressure testing of heat exchangers.
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	Repair and Maintenance of Air Compressors.

Familiarize with the working of different types of air compressors reciprocating, rotary, wave type & lobe types.

Acquaint with dismantling, inspection overhauling and reassembly of air compressors including checking of clearances, adjustment of suction delivery and relief valves.

Familiarize with testing of air compressors after overhaul.

BOILERS AND PRESSURE VESSELS

Cleaning And Inspection of Boilers.

Familiarize with the construction of water tube and fire tube boilers. (Horizontal and vertical) and their mountings.

Familiarize with machinery and tools used in boiler shop and their operation and maintenance.

Acquire knowledge in reading and interpreting boiler manufacturer’s drawings and instruction sheets.

Acquaint with the blowing down procedure of the boiler.

Identify and acquaint with safety procedures during opening of manhole doors, furnace doors, and mountings and related cleaning and inspection. 

Familiarize with cleaning of boiler drums furnaces and tubes.

Acquaint with methods of inspection of tubes for leaks damages by corrosion, burning and pitting, erosion, reduction in plate thickness and deformation in furnaces and combustion chambers

Familiarize with boiler water level control system and alarm

Familiarize with automatic combustion control systems of boilers. 
Acquaint with crack detection using conventional and other non-destructive tests.
Acquaint with inspection of boiler mountings and identify necessary and adjustments.
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	Familiarize with boiler 
Familiarize with repairs of furnace, combustion chamber, smoke box, and platings.
Acquaint with the procedure of removal of leaky tubes, stays and girders and their replacement.

Familiarize with repairs and adjustments in oil burners of the boiler including induced and forced draught fans, and air preheaters.

Acquaint with repairs of combustion chamber brick work.
Acquire skill in hydraulic and steam pressure testing of boilers.

Familiarize with the certification requirements of boilers and methods of certification.

Boiler Mountings 

Acquaint with blowing down procedure of guage glasses and repairing leaky steam, water and drain cocks and changing of gauge glasses. 

Acquaint with overhauling of different types of safety valves (eg. High lift, full bore). and their adjustments.

Acquaint with overhauling feed check valve, blow down cock, steam outlet valve etc.

Acquire skills, in valve grinding and lapping and boxing up with new gland packing and jointing and testing for leaks.

Pressure Vessels

Familiarize with different types of pressure vessels.
Familiarize with procedure for inspections of pressure vessels for defects.

Familiarize with the repair procedure for pressure vessels.

Familiarize with methods of testing and certification of pressure vessels.
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      DURATION IN 
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TITLE  

    

 WKS
 
PAGE 

MG 12

ELECTRICAL POWER DISTRIBUTION 
AND ELECTRICAL MACHINES

                    08
MG 12

01
Electrical power distribution.




30
02
Electrical Motors and Generators



31
03
Switch gear and Protection Devices.



31
04
Electrical Accumulators. 




31
MG 13

TOOLROOM PRACTICE AND HEAT 

TREATMENT OF STEEL
       


        08
MG 13

01
Make or Repair Cutting Tools




31
02
Die Sinking, Engraving and making of Jigs and Fixtures.

32
03
Repair or make Gauges and Precision Measuring Devices.
32
04
Heat Treatment of Steel





32
MG 14 


REFRIGERATION AND AIRCONDITIONING     08
MG 14

01
Orientation to Refrigeration and Air Conditioning Systems
33
02 
Repair and Maintain Compressors



33
03
Repair and Maintain Evaporators



34
04
Repair and Maintain Condensers.



34
05
Repair and Maintain Sundry System Components

34
06
Repair and Maintain Cooling Towers



35
MG 15 


DRAWING OFFICE PRACTICE

         08

MM 15

01
Acquaint with Engineering Drawing office Practice &

35





Feminization with CAD software applications 

MG 16


SUPERVISORY FUNCTIONS

        

01 Administrative functions





35
02 Work management functions




36
03 Labour management
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	ELECTRICAL POWER DISTRIBUTION 

AND ELECTRICAL MACHINES.

Electrical Power Distribution 

Identify electrical shop administrative organization physical layout, stores facilities and practices.

Familiarize with the electrical shop hazards, safety measures and first aid techniques.

Familiarize with tools and equipments used in the electrical workshop.

Familiarize with relevant IEE regulations. 

Acquaint with different types and sizes of cables, connectors, conduits trunking and insulators.

Read and understand wiring diagram and familiarize with connecting methods and markings.

Electrical Motors and Generators.

Acquaint with the main construction features of AC and DC motors and generators.

Familiarize with power (KW), voltage (V) and frequency Hz ratings of the motors and generators.

Acquaint with methods of testing and diagnosing faults in motors and generators.

Acquaint with repair and overhaul procedure including rewinding of motors and generators.

Acquaint with the procedure for starting, synchronizing and loading of motors and generators.

Acquaint with the protection devices for motors and generators.
Acquaint with different methods of speed control of motors.

Switch Gear and Protection Devices. 

Familiarize with Switchgear and protection devices incorporated in power distribution panels and motor starters.
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	Familiarize with different types of circuit breakers, earth leakage trips, overload trips, over current trips, no volts trips and emergency trips and methods of resetting and precautions to be taken before resetting.
Familiarize with methods of fault diagnosis and repair of switchgear and distribution systems. 

Electrical Accumulators

Familiarize with construction features of lead acid and alkaline batteries.

Familiarize with the power ratings of accumulators.

Familiarize with installation, care and maintenance of accumulators.

TOOL ROOM PRACTICE & HEAT

TREATMENT OF STEEL

Make or Repair Cutting Tools.

Identify cutting tools materials (High Caron) Steel, High Speed Steel, Tungsten Carbide and Ceramic) using spark and other test methods.

Identify different types and functions of tools eg. Turning, facing, boring, thread cutting form tools, milling cutters, taps, reamers, slit-saws and thread chasers. 

Practise brazing high speed and tungsten carbide tool tips to steel shanks.

Grind tools (using plain and special tool grinding machines to get the required cutting, clearance and rake angles.)

Die Sinking, Engraving and Making of Jigs and Fixtures.

Identify different types of punches, dies, jigs, fixtures and press tools.

Identify materials and tools used in making punches, dies, jigs, fixtures and press tools.

Make punches and dies, jigs, special tools and fixtures.

Repair or Make gauges and Precision Measuring Devices. 

Identify different types of gauges used in an engineering workshop and their applications.

Familiarize with materials used making gauges.

Make gauges and maintain them with periodical checks.

Identify the measuring and checking devices used.

Check and inspect limits, fits and tolerances in machining, fitting and other assembly work.
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  07

  01
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03
	Heat treatment Of Steel
Familiarize with Iron- Carbon Diagrams and other temperature vs. percentage of carbon content graphs and their interpretation.

Identify temperature ranges for forging different types of steel.

Identify temperature ranges for hardening different types of steels (plain carbon steel and alloy steels)

Familiarize with different types of furnaces, quenching deia and related processes in hardening.

Familiarize with tempering techniques, oxide colours and their use in estimating temperature ranges.

Familiarize with annealing and its applications. 

Familiarize with case hardening methods and its applications.

REFRIGERATION AND AIRCONDITIONING

Orientation to Refrigeration and Air Conditioning Systems.

Acquaint with basic refrigeration system.

Familiarize with different types of Refrigeration & Air Conditioning systems such as direct expansion systems and systems involving secondary refrigerations such as chilled water and air-cooled types.

Familiarize with the different system components and their functions.

Familiarize with functional conditions for different applications.

Familiarize with basic heat load calculations for Air Conditioning and Refrigeration systems.

Familiarize with the equipment used in Refrigeration & Air Conditioning workshop such as vacuum pump refrigerant charging equipment and pressure testing equipment.

Familiarize with tools used in Refrigeration & Air Conditioning workshop such as pipe benders, cutters, flaring tools, swaging tools and pullers. 

Repair and Maintain Compressors. 

Familiarize with different types of compressors such as open type, semi hermetically sealed type, hermetically sealed type, single stage and two stage compressors, Inline type, V type and rotary type.

Remove cylinder heads, check valves and repair or replace.

Check lubricating system and attend.
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	Check bearings glands, seals and joints.

Pressures check compressors.

Repair and Maintain Evaporators.

Familiarize with different types of evaporators such as forced draft induced draft, plate evaporators and tube evaporators.

Check overall condition of the evaporators and note necessary repairs.

Repair reconditions or replace evaporators as necessary.

Pressure test evaporators.

Check fan motor and evaporator controls.

Repair and Maintain Condensers.

Familiarize with different types of condensers such as air cooled, water cooled, shell and tube, tube in tube and evaporative. 

Check condition of condensers.

Repair, recondition or replace as necessary.

Pressure test condensers.

Check, glands, joints and connections for leaks.

Repair and Maintain Sundry System Components.

Familiarize with line controls such as expansion valves (manual and thermostatic) and other expansion devices such as capillary tube, low pressure floats and high pressure floats.

Familiarize with solenoid valves backpressure regulators, heat exchangers, shut off valves, liquid and moisture indicators and liquid line filters.

Repair And Maintain Cooling Towers.

Familiarize with cooling towers such as induced craft and natural draft types.

Check water flow rates.

Check fan operation in forced draft/induced draft types

Check spray nozzles in natural draft types.
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	DRAWING OFFICE PRACTICE

Acquaint with Engineering Drawing Office Practice

Study conventional representation of engineering drawings according to BS 308, 1972.

Acquaint with representation of a three dimensional object on a plane surface using orthographic projections.

Acquire skills in single component drawings.

Acquire skills in assembly drawings.

Acquaint with advanced drawings and drawings for manufacture. 

Familiarize with designing of simple engineering components.

Familiarize with CAD drawing software applications and practice to do all above mechanical engineering drawing activities aided with computers.

SUPERVISORY FUNCTIONS

Administrative Functions.

Organize and co-ordinate work with other workshops in the organisation.

Maintain attendance and leave particulars of workers.

Interpret policies to workers and enforce rules and regulations.

Exercise 1st level of personal management functions.

Work Management Functions.

Study production programmes and estimate manpower requirements, material requirements etc.

Adjust work plans to meet production schedules.

Requisition materials.

Familiarize with stores and material purchasing procedures.

Labour Management

Exercise technical supervision and control.

Provide technical guidance to workers.

Enforce safe working practices and observe safety regulations.
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NOTE








The training standard prepared by the above committee in December 1983 has been amended in April 1985 by Mr. D.L.D. K. Wijewardene, National Consultant in Mechanical Engineering, with the participation of Dr. R.J. Eckhardt, Advisor on Training on behalf of the UNDP/ ILO project on “ Assistance to Apprenticeship Training”. This training standard has been accepted by the curriculum and evaluation division of the National Apprenticeship Board, and the advisory committee of the Technician Training Institute, Katunayake of the National Apprenticeship Board.








