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• Satisfies power needs
•Flexible
• Reliable
• Has LONG life
• Minimal maintenance
•Economic

Electric cable design requirements



Basic Elements

• CONDUCTOR
 determines base current ratings

• INSULATION
 determines voltage / stress levels

• PROTECTIVE LAYER(S)
 determines protection level 
 & installation conditions



Existing/Prev New
Above 170kV EHV Utility Utility High scrutiny at all levels Nil
37kV - 170kV HV IEC/Utility IEC/Utility High sampling rate of test & inspection VLow
3.7kV - 36kV MV BS/IEC/Utility IEC/MS Adequate control on test & inspection Low
1.2kV - 3.6kV LV BS/IEC/Owner IEC/MS Adequate control on test & inspection Low

Um (max voltage) Class RiskControl on Quality & InspectionRef Stds & Specifications



Existing/Prev New RiskUm (max voltage) Class Ref Stds & Specifications Control on Quality & Inspection

Below 1.2kV ELV BS/MS MS Minimum or no control High



Overview of Standards & Quality of Cables

3.7kV - 36kV MV BS/IEC/Utility IEC/MS Low Adequate control on test & inspection 
1.2kV - 3.6kV LV BS/IEC/Owner IEC/MS Low Adequate control on test & inspection 

Existing/Prev New
Above 170kV EHV Utility Utility Nil High scrutiny at all levels
37kV - 170kV HV IEC/Utility IEC/Utility VLow High sampling rate of test & inspection

Um (max voltage) Class Risk Control on Quality & InspectionRef Stds & Specifications

Below 1.2kV ELV BS/MS MS High Minimum or no control





Controlled Items under Suruhanjaya Tenaga
Category 31 – Wires / Cables / Cords

CATEGORY ITEM DETAILS REF STDS (Prev)
Insulated flexible cords and cables MS 140 : 1987
PVC insulated cable (non-armoured) for electric power supply MS 136 : 1987
Polyvinyl chloride (PC) insulated flexible cords MS 140 : 1987 MS2112-1:2009 Part 1 : General Requirements

MS2112-2:2009 Part 2 : Test Methods
Equiv stds : MS2112-3:2009 Part 3 : Non-Sheathed Cables for Fixed Wiring
BS/IEC/AS MS2112-4:2009 Part 4 : Sheathed Cables for Fixed Wiring
DIN/JIS/UL MS2112-5:2009 Part 5 : Flexible Cables

MS2112-6:2009 Part 6 : Cables for Lift and Flexible Connections
Rubber insulated cord and flexible cables MS 140 : 1987

Category 31 - 
WIRES / CABLES / 

CORDS
0.5 to 35 sqmm

Under review, to retain under MS 140 : 1987

Electric Cable and Wire - Polyvinyl Chloride (PVC) Insulated
Cables of rated voltages up to and including 450 / 750 V

NEW MS



SUB-STANDARD CABLES
Cables which are not designed, constructed, test 
approved, installed or used in accordance to their 

prescribed standards and/or specifications

The development of national standards for electric cables takes into account the principles and norms 
as established internationally, current prevailing conditions and local practices. It is important to 
understand that these aspects are majorly unbeknown to buyers and users, hence failure to comply on 
critical aspects may present an undetermined risk on safety.



Anatomy of Sub-Standard Cables



Sub-Standard Cables – Data
Item

Reference STD 07ED100 07ED099 07ED098
Conductor

- number of wires 40 39 38 38
- resistance ohm/km 26 29.8 69.3 112
- equiv area sqmm 0.731 0.638 0.274 0.170
- cond diam mm 1.061 0.991 0.650 0.511
- total weight gm/m 19.490 17.004 7.312 4.524

Insulation
- nominal thickness mm 0.56 0.65 0.75 0.95
- weight per core gm/m 4.278 5.027 4.948 6.542
- total weight gm/m 12.834 15.080 14.843 19.625
- core diam mm 2.181 2.291 2.150 2.411
- laidup diam mm 4.711 4.949 4.644 5.208

Sheath
- overall diam mm 6.4 7.07 6.89 7.36
- nominal thickness mm 0.84 1.06 1.12 1.08
- calc mass litre 14.739 20.023 20.347 21.240
- total weight gm/m 21.371 29.034 29.504 30.798

Cable overall weight gm/m 53.7 61.1 51.7 54.9

Flexible Cable 40/0.16mm (0.75sqmm) x 3C 
300/500V PVC/PVC



Sub-Standard Cables – Cost Analysis

07ED100
30
4.5

0.510
0.199
0.709
4%

07ED099
30
4.5

0.219
0.200
0.419
76%

07ED098
30
4.5

0.136
0.227
0.363
104%

Reference STD
Cu price Myr/kg 30
PVC price Myr/kg 4.5
Cu Myr/m 0.585
PVC Myr/m 0.154
Material cost Myr/m 0.739
ROS (material only) Margin 0%

“Sub-standard cables…
Its a lucrative business”





Treasury, Malaysia – Circular Letter SPP Bil. 7 Effective June 
5th 2002

• Government agencies must ensure that specifications for local materials/goods used in 
all procurement exercise be based on Malaysian Standard (MS), issued by the 
Department of Standards Malaysia. If MS is not available for any particular 
materials/goods, other appropriate international standards or standards set by the 
Specifications Preparatory Committee of the agency concerned could be utilised

• Appropriate action including disciplinary action in the form of a “surcharge”, will be 
taken against Government agencies and their principal officers for failing to comply 
with the ruling

• Errant contractors and consultants failing to comply would be penalised including 
being blacklisted and not being considered for other Government projects



MS-2112 : 2009

MS 2112 consists of the following parts, under the general title Electric cable and wire - PVC 
insulated cables of rated voltages up to and including 450/750 V : 

•Part 1: General requirements

•Part 2: Test methods

•Part 3: Non-sheathed cables for fixed wiring

•Part 4: Sheathed cables for fixed wiring

•Part 5: Flexible cables

•Part 6: Cables for lift and flexible connections

Note : All cable types of conductor sizes up to and including 35 mmsq are controlled items under the 
Suruhanjaya Tenaga Malaysia



ü To review & establish MS standards for cables & wires in full co mpliance with international standards and 
with due consideration given to meet pertinent local requirement s, conditions & practices

ü To publicize and promote the use of MS standards where available on cables and wires for domestic use, 
local installations and elsewhere by Malaysian contractors

Ø To combat against the manufacture, importation and use of sub -standard cables in the interest of public 
safety and towards sustaining an equitable and economically viab le business for the cable manufacturing 
sector

Ø To support all measures by the relevant authorities including th e imposition of clear labeling and the 
prohibition of retail selling of cables and wires without the MS standard mark of approval for items 
listed under the control of Suruhanjaya Tenaga (ST)

v To advocate the registration of all local manufacturers under MC MA as a prerequisite to be a supplier of 
the ST controlled MS standard cables

v To continually support and enhance the local economy and the Buy Malaysia campaign via the use of a wide 
range of cables in full compliance to applied standards, Made in Malaysia

1Malaysia vs Sub-Standard Cables – The Way Forward



Detecting Sub-Standard Cables (DIY)

• Check labels and markings for size, type, manufacturer 
name/logo and product standard

• Verify physical measurements against manufacturers’ data

• Estimate the cross-sectional area of conductor by physical 
measurement i.e. area x number of wires

• Conduct a conductor d.c. resistance measurement to the 
Standards



MS-2112 : ELECTRIC CABLE AND WIRE - PVC INSULATED CABLES OF RATED VOLTAGES UP TO 
AND INCLUDING 450/750 V 
- PART 3: NON-SHEATHED CABLES FOR FIXED WIRING





Myths of Sub-Standard Cables

• Conductors are smaller due to “technological improvements”

• Copper purity is higher

• Able to withstand higher temperatures

• Able to take more current

• The standards have “changed”

• There is no problem, it still works



Sub-Standard [main] Element : Conductors
CRITERIA

• Metal content not meeting specifications (copper >99.9%, alum >99.7%)
• Undersized – conductor does not meet the minimum cross-sectional area as determined by its specific resistance
• Construction not in accordance to prescribed standards on size & number of wires, buildup or dimensions

IMPACT

Non-compliance to any of the above will result in conductor overload in excess of the maximum current loading of the cable 

This condition would lead to eventual breakdown of cable insulation, joints or connectors at installed positions or 
distribution boards

Excessive overheating may result in short circuit conditions leading to an electrical fire 







Conductor Constructions

Solid

Stranded

Concentric, 
Non-compacted Compacted





Conductor Metals – Cost per mho/km

VR @ 20oC Density Mass 1990 2015

(Ω.mm2/km) (gm/cm3) (kg/km) (US$/km) (US$/km)

Silver 16.4 10.5 172.2 29,205 116,044
Copper 17.2 8.89 152.9 255 799
Gold 24.4 19.3 470.9 3,925,590 19,789,913
Aluminium 28.3 2.7 76.4 110 112
Tin 124 7.29 904 4,742 14,122
Lead 214 11.4 2440 754 4,243

Metals



Aluminium & Copper Conductors

• Copper
• Highly Conductive
• Good Mechanical Properties
• Relatively Easy to Process
• Usually Annealed

• Aluminium
• 60% conductance of copper at same size
• Half the weight of copper at the same conductance



Controlled Items under Suruhanjaya Tenaga
Category 31 – Wires / Cables / Cords

CATEGORY ITEM DETAILS REF STDS (Prev)
Insulated flexible cords and cables MS 140 : 1987
PVC insulated cable (non-armoured) for electric power supply MS 136 : 1987
Polyvinyl chloride (PC) insulated flexible cords MS 140 : 1987 MS2112-1:2009 Part 1 : General Requirements

MS2112-2:2009 Part 2 : Test Methods
Equiv stds : MS2112-3:2009 Part 3 : Non-Sheathed Cables for Fixed Wiring
BS/IEC/AS MS2112-4:2009 Part 4 : Sheathed Cables for Fixed Wiring
DIN/JIS/UL MS2112-5:2009 Part 5 : Flexible Cables

MS2112-6:2009 Part 6 : Cables for Lift and Flexible Connections
Rubber insulated cord and flexible cables MS 140 : 1987

Category 31 - 
WIRES / CABLES / 

CORDS
0.5 to 35 sqmm

Under review, to retain under MS 140 : 1987

Electric Cable and Wire - Polyvinyl Chloride (PVC) Insulated
Cables of rated voltages up to and including 450 / 750 V

NEW MS



Class II Copper Conductors 0.5 to 35 sqmm

cond wire no. max * area cond wire
size min ohm/km sqmm gm/m gm/m

0.5 7 37.11 0.479 4.258 0.608
0.75 7 25.26 0.704 6.256 0.894
1 7 18.66 0.953 8.468 1.210
1.5 7 12.47 1.425 12.67 1.810
2.5 7 7.639 2.327 20.68 2.955
4 7 4.753 3.740 33.25 4.750
6 7 3.175 5.598 49.76 7.109
10 7 1.887 9.421 83.76 11.97
16 7 1.186 14.99 133.3 19.04
25 7 0.749 23.72 210.8 30.12
35 7 0.540 32.90 292.5 41.79

STANDARD - MS/IEC/BS ACTUAL - MIN Basis of calculations :

vVolume resistivity of 17.241 ohm.mm2/km 
at 20oC with a division factor of 0.97 for 
hard-drawn copper

Ø Specific gravity at 8.89 kg/m3

Ø Resistance-temperature coefficient of 
0.00393 /oC at 20oC

oC factor oC factor
20 1.000 28 0.970
21 0.996 29 0.966
22 0.992 30 0.962
23 0.988 31 0.959
24 0.985 32 0.955
25 0.981 33 0.951
26 0.977 34 0.948
27 0.973 35 0.944

Factors at specific temperatures for correcting 
resistance measurements to 20oC



The Malaysian Cable Manufacturers Association or MCMA (formerly known as the 
Malaysian Electrical Cable & Wire Assoc. or MECWA), was established in 1980 

comprising manufacturers of power and telecommunication cables with the following 
objectives:

To provide a platform of communication and enhance the cooperation of all members on matters of 
common interest to the industry

To promote the products & services and activities of members locally and abroad via a common website 
and by participation in seminars, exhibition and conferences 

To represent and safeguard the interest of members through channels of discussion and liaison with 
customers, government agencies and other organisations

To actively participate and contribute to the development of MS Standards on Electric Cables and 
related products

To enhance the reputation of MCMA as an ethical and responsible association of members with a 
positive contribution to the community

www.mcma.org.my


