
Penilaian Bahan/Barangan Elektrik: 

Pematuhan kepada Standard, Spesifikasi

& FAT Bahan/Barangan (Tambahan) 

11kV Dry-Type Distribution Transformer

Ir. Muhammad Zamri Bin Hj. Ramli

Unit Pensijilan Bahan & Standard

6 Oktober 2020



2

Types of Transformers

❑ Based on insulation and cooling medium: 

✓ Oil immersed transformers 

i. Sealed type transformer 

▪ Hermetically Sealed Totally Oil Filled 

▪ Sealed type with gas (N2) cushion 

ii.     Breathing type with conservator 

- Oil Immersed Transformer - use oil as cooling and 

insulation medium

✓ Dry type transformers 

i. Cast Resin 

ii. Encapsulated Resin 

iii. Vacuum Pressure Impregnated (VPI)

- Dry Type Transformer - use air as cooling medium 
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11kV Dry-Type Distribution Transformer



4

Standards

❑ MS 60076 – 1 : General

❑ IEC 60076 – 1 : General

❑ IEC 60076 – 2 : Temperature rise

❑ IEC 60076 – 3 : Insulation levels, dielectric tests and external clearances in air

❑ IEC 60076 – 5 : Ability to withstand short circuit

❑ IEC 60076 – 10 : Determination of sound levels

❑ MS 60076 – 11 : Dry – type transformers

❑ IEC 60076 – 11 : Dry – type transformers
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JKR Specification

❑ L-S17 : Specification for 11kV Dry-type Distribution Transformer 

(JKR Spec.)

Description Requirement

Electrical system 11kV, 3-phase, 50Hz

Type of transformer Dry-type cast resin and suitable only for indoor 

installation

Service condition - Minimum E2, C1 and F1 for environmental, 

climatic and fire behaviour

- Maximum ambient temperature at 40°C

- Maximum altitude of 1000m above sea 

level

Voltage ratio 11000/433V

Winding connection and vector group - High-Voltage (HV) Winding – Delta-

connected 

- Low-Voltage (LV) Winding – Star-connected 

with neutral brought out 

- Vector Group - Dyn11 
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JKR Specification

Description Requirement

Losses The tolerance allows +10% on total losses, and 

+15% on no-load and load losses, provided that 

the tolerance for total losses is not exceeded. 

(Refer to Table 1)

Tapping Tapping shall be provided on the HV winding by + 

5 %, + 2.5 %, 0 %, - 2.5 % and - 5 %. 

Insulation levels - Test for LV and HV windings shall be applied 

at three (3) kV and 28 kV respectively. 

- The Rated Impulse Withstand Voltage test for

HV winding shall be applied at 75 kV. 

Short-circuit impedance The short circuit impedance referred to the Tap 3 

at a reference temperature of 120 0C shall be in 

accordance with Table 2 and with tolerance of ±

10 %. 

Fault conditions The transformer shall be designed to carry the full 

short circuit current of the system, 20 kA for three 

(3) seconds when operating at full load and the 

maximum average temperature 350 0C 
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JKR Specification

Description Requirement

Temperature rise Not exceed 100° C 

Core and core structure - Non-aging cold rolled grain-oriented (CGRO) 

silicone steel laminations or amorphous steel

- Core laminations shall be insulated from each 

other with a material having high-

interlamination insulation resistance

- Flux density in the core shall not be more than 

1.65 Tesla

Insulation materials - Min. insulation system temperature is 155° C

(Class F)

- HV and LV windings shall be reinforced with

glass fiber or quartz powder.

Winding insulation Winding insulation temperature shall be min.155°C  

(Class F)

HV windings - Conductor material shall be either enamelled

copper wire or copper foil.

HV windings - Conductor material shall be either copper wire 

or copper foil.
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JKR Specification

Description Requirement

Cooling channel and coil surfaces Cooling channels shall be arranged in a vertical 

manner and all coils shall have an even and 

smooth surface to minimize any dust 

accumulation and to give the maximum cooling 

efficiency. 

HV and LV terminals Located on opposite sides of the upper press

beams of the transformer

Earthing terminals - Two (2) earthing terminals shall be provided

preferably located diagonally opposite on

either side of the undercarriage.

- Both terminals shall be made from stainless

steel and have minimum M10 threads.  

Undercarriage Each transformer shall be equipped with four (4) 

bi-directional wheels 

Rating plate fitted to the transformer The rating plate shall be made of weatherproof 

material, fitted in a visible position. The entries on 

the plate shall be indelibly marked by either 

engraving, etching, stamping or by a photo-

chemical process. 
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JKR Specification

Description Requirement

Rating plate fitted to the transformer - Each transformer enclosure shall be provided

with a rating plate of weatherproof material,

fitted in a visible position.

- The entries on the plate shall be indelibly

marked by either engraving, etching, stamping

or by a photo-chemical process. 

Overload protection The transformer shall be equipped with the 

temperature monitoring devices which are an 

Overload Protection Sensors and Digital 

Temperature Controller. 

Overload protection sensors The temperature of each winding shall be 

determined by one set of measurements (alarm, 

trip and fan) per phase by means of Platinum 

Thermal Resistance Sensor, PT 100. 

Digital temperature controller The digital temperature controller shall provide 

maximum temperature memory, remote alarm 

connection, trip relay, and manual or automatic 

fan controls. It shall be provided with remote 

monitoring on alarm, trip and fan status. 
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JKR Specification

Description Requirement

Enclosures - Fabricated from electrogalvanised sheet steel 

and finished with epoxy oven baked, naturally 

ventilated, with a minimum degree of 

protection of IP 20.

- The enclosures shall be supplied by the

transformer manufacturer or the approved

fabricator. 

- The enclosure shall be fitted with removable 

panels, for easy reconnection of HV tappings 

and assembling of cables.

- Inspection windows of 300 mm x 300 mm with 

minimum three (3) mm thickness made of 

transparent polycarbonate material, two (2) 

numbers on every sides of the enclosure shall 

be provided.

- The complete assembly of enclosure shall be 

securely mounted on transformer base frame.

- When the transformers are equipped with 

enclosures to IP 23 or higher IP, de-rating in 

accordance with the manufacturer’s 

recommendation shall be applied. 

- The minimum clearances between live parts 

and enclosure shall be 200 mm to prevent 

flashover. 
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HV & LV Winding

Conductor Material

Copper Copper

Conductor Type

1. Copper wire

2. Copper foil

1. Enamelled copper wire

2. Copper foil
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Insulation Materials & Winding Insulation

Minimum

NOTE : The temperature rise of  each

winding shall not exceed 100 K

when tested in accordance with

MS 60076-11 OR IEC 60076-11. 
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Vector Group

JKR Spec. = Dyn11
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Vector Group
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Rating Plate fitted to the Transformer

- The rating plate shall be made weatherproof material, fitted in a visible position.

- The entries on the plate shall be indelibly marked by engraved, etching, stamping or by a photo-chemical 

process.

- The rating plate shall indicate the following;

a) Number and year of IEC 60076

b) Manufacturer’s name

c) Manufacturer’s serial number

d) Year of manufacturer

e) Insulation system temperature for each winding.

The first letter shall refer to the HV winding,

the second letter shall refer to LV winding.

f) Number of phases

g) Rated power for each kind of cooling

h) Rated frequency

i) Rated voltage including tapping voltages

j) Rated current for each kind of cooling

k) Connection symbol

l) Short-circuit impedance at rated current and at 120 °C

m) Type of cooling

n) Total mass

o) Insulation level

p) Degree of protection

q) Environmental class

r) Climatic Class              s) Fire behavior class
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Types of Testing

❑ Routine test

i. Measurement of winding resistance 

ii. Measurement of voltage ratio and check of phase displacement 

iii. Measurement of short-circuit impedance and load loss 

iv. Measurement of no-load loss and current 

v. Separate source AC withstand voltage test 

vi. Induce AC withstand voltage test 

vii. Partial discharge measurement
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Types of Testing

❑ Type test

i. Lightning impulse test 

ii. Temperature rise test

❑ Special test

i. Measurement of sound level

ii. Short - circuit test

iii. Climatic test

iv. Environmental test

v. Fire Behaviour test

vi. Measurement of d.c insulation resistance each winding to earth and between windings
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Accredited Laboratory

❑ KEMA = Keuring Elektrotechnische Materialen Arnhem (Dutch: Electrical 

Testing Materials Arnhem; Arnhem, Netherlands)

❑ CESI = Centro Elettrotecnico Sperimentale Italiano (Italy)

❑ KERI = Korea Electrotechnology Research Institute (Korea)
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Test Report

❑ Routine test

i. Measurement of winding resistance

R =
𝑉

𝐼
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Test Report

ii. Measurement of voltage ratio and check of phase displacement
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Test Report

iii. Measurement of short-circuit impedance and load loss
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Test Report

iv. Measurement of no-load loss and current
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Test Report

v. Separate source AC withstand voltage test
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Test Report

vi. Induce AC withstand voltage test 
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Test Report

vii. Partial discharge measurement
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Factory Acceptance Test (FAT)

Requirements

i. FAT shall be made at the manufacturer factory (as per EMAL registration)

ii. Approved shop drawing

iii. Calibration cert. for equipment

iv. Mill cert. (if required)

v. Country of Origin Cert. (shipping document for imported product)

vi. Custom cert. (imported product)

vii. Existing test result from manufacturer 

viii. Visual inspection

- Name plate

- dimension

- All parameter according to L-S17

- etc.

iv. Routine test

v. Type test (if required)

vi. Special test (if required)

- Type tests shall be performed on a 

prototype of transformer only. 

Unless otherwise specified in the 

BQs, these tests shall be performed

at the manufacturer’s factory or at an

approved laboratory/factory. 

- Special tests shall be performed 

when it is specified in the BQs. 

These tests shall be performed at 

the manufacturer’s factory or at an 

approved laboratory/factory. 
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Routine Test

No Test Item Objective Acceptance Criteria

Routine Test

1 Measurement of winding 

resistance

To measure the resistance of HV 

and LV windings. Resistance 

values will be used for load loss 

calculation and as reference for 

future measurements

Standard gives no acceptance 

criteria, however a deviation 

from average of 3 phases of 

0.5% for HV and 5% for LV 

could serve as practical 

guideline.

2 Measurement of voltage 

ratio and check of phase 

displacement

To measure the voltage turn ratio 

and vector group of the 

transformer.

The voltage ratio error shall be 

within ± 0.5% for each tap.

3 Measurement of short 

curcuit impedance and 

load loss

To measure the load loss (copper 

loss) and the % of impedance 

voltage. The load loss and 

impedance shall be derived and 

corrected to reference 

temperature of 120oC.

Not exceed +15% of 

specification for load loss 

provided that the tolerance for 

total losses is not exceeded 

+10%. Not exceed ±10% of 

specification for short circuit 

impedance.



28

Routine Test

No Test Item Objective Acceptance Criteria

Routine Test

4 Measurement of no-load 

loss and no-load current

To measure the no-load loss (core 

loss/iron loss) and the no-load 

current (excitation current). The 

excitation current is a composite of 

the energy which is lost due to 

eddy currents in the magnetic 

material (steel core) as well as 

hysteresis losses of the material.

Not exceed +15% of 

specification for no-load loss 

provided that the tolerance for 

total losses is not exceeded 

+10%. Not exceed +30% of the 

design value for no-load 

current.

5 Separate source AC 

withstand voltage test 

(Applied voltage test –

AV)

To check the insulation strength 

between the windings and core

No collapse of the test voltage 

occurs

6 Induced AC withstand 

voltage test (Induced 

voltage withstand test –

IVW)

To check the insulation both 

between phases and between 

turns of the windings and also the 

insulation between the input 

terminals of the insulation windings 

and earth

No collapse of the test voltage 

occurs
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No Test Item Objective Acceptance Criteria

Routine Test

7 Partial discharge 

(corona) 

measurement

To measure the partial discharges which 

may occur in the transformer insulation 

structure. These discharges may occur in 

air bubbles left in the insulating media, 

gaps in the solid materials or at the 

surfaces of two different insulators. 

Although these discharges have small 

(weak) energy, the thermal energies due 

to these discharges can cause aging, 

deformation and tear of the insulating 

material.

The maximum level of partial 

discharge shall be of 10 pC

Routine Test
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No Test Item Objective Acceptance Criteria

Special Test

1 Measurement of d.c. 

insulation resistance each 

winding to earth and 

between windings

To form a reference for future 

measurements. For comparison 

they have to be at the same 

temperature (e.g. 20 oC reference 

temperature). The test voltage is 

“direct voltage” and can be 

between 1000 Vd.c. and 5000 

Vd.c

Minimum measured insulation 

resistance of 1 kΩ/V

Special Test
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Example of FAT
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Example of FAT
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Electrical Material Approved List (EMAL)

https://jmal.jkr.gov.my/
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Electrical Material Approved List (EMAL)
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Electrical Material Approved List (EMAL)
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Electrical Material Approved List (EMAL)



mzamrir@jkr.gov.my


