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Standards

Main standards

o 1SO 3046 . Reciprocating internal combustion engines
(series—partl, 3,4,5, 6, 7)

 I1SO 8528 . Reciprocating internal combustion engine driven alternating current
generating sets (series —part 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12)

- IEC 60034 . Rotating electrical machines

RIC = Reciprocating Internal
Combustions




Three Phase Generator Set

Open type

Canopy type

Alternator



Three Phase Generator Set

Main components of diesel generator

1.intelhgent control panel 2.AC synchronous generator 3 Air filter
4 Starter battery 5. Engine motor 6.Fuel filter.
7. Radiator 8.Base frame 9.Cushion




Engine Components

TURBOCHARGER TURBOCHARGER
EGR TUBE OIL SUPPLY

EGR VALVE
HIGH PRESSURE

FUEL LINES

FUEL INJECTORS (6)

FUEL DRAIN
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WASTEGATE
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(NOT ALL ENGINES)
FUEL HEATER/ STARTER
FUEL PRE-FILTER (] iy
SHUTDOWRN
SOLENOID FUEL HEATER
TEMP. SENSOR DRAIN
OIL PRESSURE (THERMOSTAT) tliyoeth

SENDING UNIT
LEFT SIDE
OF ENGINE



Buss Bar

Alternator

PMG

components

Qutlet |

Box \L

PMG
" Rotor
Fan
~N
Flywheel \ f
Housing » ﬂ 4
Adapter -
Flange
{ A Exciter
(l 3 e i . - = Rotor
\ QOQ. N Vet T\ =
QNQQ‘ \ Al 5 Bearing End
WA . B\ V-Blocks Bracket
\ Ry ! { Main Stator
P b‘ \Qsp A AT ) | Rotor Windings
oupling Hu AT Tal8ats
4] > Main Regulator ;
S 1 . sl g Sensing
== Foot > £
Bearing Rotor : | -
Windings Main armature (stator)
PMG
field
(rotor)
fe N
[
eI/ (S
armature
(stator) ' >
) Exciter
Exciter  armature
Rectifier t:eld (rotor)
_ a

AC out




Generator Set

Generator Set

- A generator set consist of one or more RIC engines, one or more a.c alternators
(generators) and the components necessary to couple them together as a whole

- The prime movers are RIC engines and prime movers may be two types such as;
1) Compression ignition engines (diesel engine)
i)  Spark-ignition engines (petrol or gas engine)

- Two types of alternators which may be used on generator sets such as;
1) synchronous
i)  asynchronous




Generator Set

Auxiliaries are items of equipment additional to those already installed/fitted on the
generator set as supplied but essential to its proper and save operation such as;

) Starting system

i) Air intake and exhaust gas system
i) Cooling system

V) Lubricating oil system

V) Fuel system

vi)  Auxiliary electrical power supply

LA = The engine net (kWb) x alternator ef ficiency

power factor

kWe = kWb x alternator ef ficiency

kWb : — not include battery charging alternator power
- radiator cooling fan power



Engine (ISO 8528 -2)

- The power of the RIC engine shall be declared by the engine manufacturer in
accordance with the requirement of ISO 3046-1.

- The main characteristics of the RIC engine to be used by the generator set
manufacturer shall be given by the engine manufacturer and shall include at least;

1) The power in the conditions as per ISO 8528-1 and in the service conditions

i) The declared speed

li) The consumption of fuel and lubricating oil in the conditions as per ISO 8528-1




liternator (ISO 8528-3 & IEC 60034-1)

- The generator rating class shall be specified in accordance with the requirement of
IEC 60034-1. In the case of alternators for RIC engine driven generator sets, the
continuous rating (duty type S1) or rating with discrete constant loads (duty type S10)
shall be specified.

- The maximum continuous rating based on duty type S1 is called the basic continuous
rating (BR)

- For duty type S10, there is a peak continuous (PR) where the permissible alternator
temperature rises are increased by a specific amount according to the thermal
classification

- The alternator shall be capable of delivering its BR over the whole range of operating
conditions (e.g. minimum to maximum coolant temperatures) with total temperatures not
exceeding 40 °C plus the temperature rises specified in Table 7 of IEC 60034-1.




Standard Reference Conditions

Engine (ISO 3046-1)

(] Total barometric pressure = 100 kPa (1 bar)
O Air temperature =25°C
 Charge air coolant temp. =25°C
[ Relative humidity =30 %

Alternator (IEC 60034-1 & ISO 8528-3)

 Cooling air temperature <40 °C
(1 Coolant temp. at cooler inlet <25 °C
O Altitude =1000m a.s.|

Generator Set (ISO 8528-1)

J Total barometric pressure = 100 kPa
1 Air ambient temperature =25°C

] Relative humiditi =30 %



Site Operating Conditions

Operating Condition (L-S5)

 Total barometric pressure =750 mm Hg.
1 Air ambient temperature =40 °C
J  Relative humidity =95 %

Note : 1) 750 mm Hg. = 100 kPa
2) Where the site operating conditions differ from the standard reference
conditions, any necessary adjustment to the generator set power shall be made
in order to determine the site rated power of the generator set. (ISO 8528-1)




1) Altitude
i) Temperature ( site barometric pressure, max. and min air temperatures, highest and
lowest engine room temperature, relative humidity, max. min cooling

water temperatures)

Derating Factor

- Opérating site conditions which may affect the power rating of generator set such as;

Altitude (m) ' 1000 | 1500 2000 2500 3000 3500 4000
Deratingfactor | | 1 0.975 0.949 0.922 0.894 0.866 0.837
Ambient T °C 25 (20 45 50 55 60 (*)
Class H 1.076 R 0.973 0.946 0.018 0.889
Class F 1.005 IR 0.966 0.931 0.894 0.856
Class B 1.140 C_1 ] 0.949 0.894 0.837 0.775

(*) External AVR if = 56 °C

e.g. - Leroy Somer Alternator

Rated Output Generator Set (kW)= kWe X Derating Factor




Power Rating Categories

 Continuous Power (COP)

- The maximum power which the generator set is capable of delivering continuously
while supplying a constant electrical load when operated for an unlimited
number of hours per year under the agreed operating conditions with the
maintenance intervals and procedures being carried out as prescribed by the
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Power Rating Categories

d Prime Power (PRP)

- The maximum power which the generator set is capable of delivering continuously
while supplying a variable electrical load when operated for an unlimited number
of hours per year under the agreed operating conditions with the maintenance
intervals and procedures being carried out as prescribed by the manufacturer.

- The permissible average power output (Ppp) over 24 hours of operation shall not
exceed 70% of the PRP unless otherwise agreed by the RIC engine manufacturer.

- It can be necessary to provide additional electrical power for transient load
conditions and sudden applied load. This additional power is usually 10% of the
rated power of the generator set for a period of one (1) hour with or without
interruptions within 12 hours of operation.

- When determining the actual average power output (Ppa) of a variable power

sequence, power of less than 30% of the PRP shall be taken as 30% and time at
standstill shall not be counted.



Power Rating Categories

- The actual average power output (Ppa ) is calculated as shown in formula below;
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Power Rating Categories

 Limited-time running power (LTP)

- The maximum power available, under the agreed operating conditions, for which the
generator set is capable of delivering for up to 500 hours of operation per year

with the maintenance intervals and procedures being carried out as prescribed by
the manufacturer.

Power
im 1'1_ d-—-— mm— _-‘_-ﬂ'T J—._-— l.—I _I-\'-"T r == =mm —.I _'-'_-\.' llI— AL

B ‘ 1 -

- .-'r - i . ,.-'r- . £ L T
T - [ L | A= - |'.r_'l- Fooa 5= L - N - -

e -y '-\1_ i s Jd £,y e r""

T e T L T 5 B v
"_..___. b u - _'_'\. voom & b o PR

LI . .

b . al = ] =Y - g
r-l"x' " .-"-'-.'I"'-':ll.-'lu __.l.-l-'

- = 1 S L - ;o T LY "-u._'_,.__

e s R ‘v L
v T T . F oM -

Constant_ "’ L o« L
i~ E —.\1: so- P [ i =3

. - - - - - . .
. loadfer - o, 77 - N .

.,

= F ] - "8 - a‘r— - -8 a T, "

Lo limited o LT 0T e T S S &
I T - - owm om ., & on _-\‘_
- JTime - Lty e - ) - L
I."-\_II. b TR o | .'.1' o - B b e i mm
[ - : - - = - - =
[ & .N _ - * 1 ' -
| I . :
1 Time [
300 hours Stop



Power Rating Categories

 Emergency standby power (ESP)

- The maximum power available during a variable electrical power sequence,
under the stated operating conditions for which a generator set is capable of
delivering in the event of a utility power outage or under test conditions for up to
200 hours of operation per year with the maintenance intervals and procedures
being carried out as prescribed by the manufacturer.

- The permissible average power output (Ppp) over 24 hours of operation shall not
exceed 70% of the ESP unless otherwise agreed by the RIC engine manufacturer.

- The actual average power output (Ppa) shall be below or equal to the permissible
average power output (Ppp) defined for ESP.

- When determining the actual average power output (Ppa) of a variable power
sequence, power of less than 30% of the ESP shall be taken as 30% and time at
standstill shall not be counted.




Power Rating Categories
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JKR Specification

L-S5 : Specification for Three Phase Generator Set

General - Diesel engine directly coupled to a three phase alternator
- 415y, three phase, 4 wire, 50 Hz, 0.8 lagging power factor
- Supplied by the supplier registered with JKR
- Engine and alternator must provided with name plate

Generator Set - Designed for cold starting and be capable of supplying the
rated kVA specified in not more than 15 seconds from
initiation of the starting procedure

- Performance class G2 (ISO 8528-5) (Table 4)

- Configured and mounted on a base frame

- Spring type vibration damper shall be installed and
supplied together with generator set by the registered
generator set supplier/manufacturer

Engine - Multi cylinder, vee/in line configuration, four stroke, direct
injection, naturally aspirated or turbo charged, water
cooled with fan and radiator, instant starting.

- Engine speed shall be 1500 rpm

- Capable to meet any transient load requirements caused
by motor starting and/or any load profile

- Able to withstand an overload of 10% at rated speed for
one (1) hour in any period of twelve (12) hours consecutive

- running -



JKR Specification

Fuel System - Capable of operating on Class A fuel
Comply with ISO 3046-4 (Speed governing)
Performance class G2
Governor shall be of proportional integral

differential (P1D) electronic type for parallel
operation or rated at or more than 1000 kVA

Engine Governing -

Engine Instrumentation -

Alternator and exciter -

Complete with all instruments and gauges
necessary such as elapsed hours running
meter, lubricating oil pressure gauge, cooling
water temperature gauge, tachometer, etc.

415 v, three phase, 4 wire, 50 Hz, duty type
S1

Screen protected, drip-proof, revolving fields,
self regulating, brushless, salient pole type
Insulation class H and temperature rise limits
class F

Fitted with winding heaters c/w automatic
thermostat control for alternator of rated
capacity at and exceeding 1000 kVA



JKR Specification

Voltage Regulations and Waveform - AVR shall be of three phase sensing electronic
type equipped with radio frequency
interference (RFI) compliance and

encapsulated to provide protection against
moisture and salt-spray

- AVR shall be mounted on anti-vibration mounts




dndensation Heaters / Winding Heaters /

- For alternator of rated capacity at exceeding 1000 kVA, the alternator shall be fitted
with winding heaters to prevent moisture in the winding.

- Type of winding heaters such as;
1) Flexible pad type heater
i) Cartridge type heater
iil) Two circular ring tubular heater

Flexible Pad Heater pasted
on curved bracket which is
bolted on NDE Bracket
below exciter

Flexible Pad Type Heater Flexible Pad Type Heater pasted on curved

mounted below exciter bracket which is bolted on NDE Bracket Example of anti-condensation heaters for
DSG/0IG

Example of heaters mounted at the
NDE of alternator




dndensation Heaters / Winding Heaters /

o

TYFICAL MAIN FRAME
MOUNTING ARRANGEMENT

MAIN STATOR WINDING 3
' N
o 4
i’m{d
AC HEATER Circular Ring heaters
ﬁg:};‘ﬁggE TERMINAL BOX on P80 alternarors

BOLTED TO EXCITER

STATOR CORE PACK \
mounted below exciter

Cartridge Type Heater

Cartridge Type Heater bolted on NDE Bracket
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Space heater
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Space hearer holder -
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Insulation class

Maximum winding temperature

~(Minimum ambient temperature)-—

130°C

Permissible temperature rise

class FB
155°C]

145
140

120

4

Evample: Insulation, cass H m ”

Maximum acceptable temperature

.
4

’y

Y
)
ri

Yy Winding temperature at lover rating
O, o
4 N 4 Temperature rise class F
TR
X 8 r -
Q =
)

7] Athermal resenve ensures
', | along Ife for the maching
EEEEEEENNEEENENEEENENNENEEEEEER

Ambient temperature

Nominal value class B = nominal value class Hx 0.8



mance Class (ISO 8528-1 & ISO 8528-5)

Class G1 - This applies to generating set applications where the connected loads are such
that only basic parameters of voltage and frequency need to be specified.

(e.g. general-purpose applications, lighting and other simple electrical loads).

Class G2 - This applies to generating set applications where its voltage characteristics are
very similar to those for the commercial public utility electrical power system with
which it operates. When load changes occur, there may be temporary but
acceptable deviations of voltage and frequency.

(e.g. Lighting systems, pumps, fans and hoists).

Class G3 - This applies to applications where the connected equipment makes severe
demands on the stability and level of the frequency, voltage and waveform
characteristics of the electrical power supplied by the generating set.

(e.g. Telecommunications and thyristor-controlled loads. It should be remembered
that both rectifier and thyristor-controlled loads may need special consideration
with respect to their effect on generator set voltage waveform.)

Class G4 - This applies to applications where the demands made on the stability and level of
the frequency, voltage and waveform characteristics of the electrical power
supplied by the generating set are exceptionally severe.

- (e.g. Data processing equipment or computer system) -
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Transient frequency response

Steady-state frequency band | e— Frequency rise
- (block load removed)

Steady-state frequency
(with rated load) RN e e

g
& 8o fUrisealLoel e - Ll W T Dl e TN o~ "ot Wit gy
:
. Steady-state
frequency (no load)
el —————————— | | Frequencydip
4] (100% block load)

11:09:40 11:09:50 11:90:00 LAR AL 11:10:20 n '!J 30 1:10:40 11:90:50 11:10:00 mnw

5 second frame
(recovery time)




Transient voltage response

: Voltage rise
Steady-state voltage band Steady-state voltage -— (block load removed)
(with rated load) :

Steady-state voltage | ;
L 1 . {no |Oad} .............. ...... . “U"Oltage dlp ...................................... .................... .
(100% block load) :

110940 18530 11900 11:18:16 11:10:20 11953 111340 11:10:50 111100 m11:19

6 second frame
(recovery time)




Ing Limit of Performance Class G2 (ISO 8528-5)
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b
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| - —
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|

f\ﬁ%

2%

S secs

Time ¢

Transient Frequency Response




Ing Limit of Performance Class G2 (ISO 8528-5)

o et &
< 5
@ 0 o
S S ES 530
o Za= =0 1.5 secs
-~ |t -
+25%
2.5%
RATED ﬁQ‘L
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- 20%
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Transient Voltage Response




-5: Table 4 — Performance Class Operating Limit Values

Voltage:

Steady-state voltage deviation + 5% + 2.5% + 1.00% AMC
Transient Voltage deviation <-25% <-20% <-15% AMC
(Max. voltage dip — max. load

Increase)

Transient Voltage deviation <+ 35% <+ 25% <+ 20% AMC
(Max. voltage rise — 100%. load

decrease)

Voltage recovery time <10% < 6% < 4% AMC

Performance Class Operating Limit Values (Voltage)

NOTE : AMC = Agreement between Manufacturer and Customer



8-5: Table 4 — Performance Class Operating Limit Values

Frequency:

Steady-state frequency band <2.5% <1.5% <0.5% AMC
Transient frequency deviation <-15% <-10% <-7% AMC
(Max. frequency dip — max. load

increase)

Transient frequency deviation <+ 18% <+12% <+ 10% AMC

(Max. frequency rise — 100%.
load decrease)

Frequency recovery time <10% < 5% < 3% AMC

Performance Class Operating Limit Values (Frequency)

NOTE : AMC = Agreement between Manufacturer and Customer



528-5: Table 4 — Performance Class Operating

Limit Values (Overall

Operating limit values
Parameter i Performance Class
G1 G2 G3 G4
F Isochronous 0 0 0 AMC
1 | reauendy e | % ()
droop Droop mode (=-8) (=-5) (£-3) | amc
2 | Steady-state frequency band e % £325 215 | 5205 | AMC
Related fd rd fi »25 AMC
3 elated range of downward frequency Btode % W
setting (>105) | (>7.5) | (>55) | amc
Related range of upward freq. setfing Btz up % >+2.5 AMC
Rate of change of frequency setting Vi %/s 02t01 AMC
Transient 100% load decrease <+18 <+12 | =+10 | amc
g | frequency 5t 6 | <-15 | <-10 <-7 | amc
difference from | BMEP load increase w
initial frequency £-23) | (=-15) | (s-10) | Amc
Transient 100% load decrease <+18 <+12 | =+10 | amc
7 | frequency Sfam | % | <-15 | <-10 <-7 | amc
deviation from [ BMEP load increase
rated frequency £-25 =-20 £-15 | Aamc | (2)
ttin AMC
8 | Freguency recovery time H =+10 <43 <+3
i e AMC
9 | Related frequency recovery band s % 35 2 2 AMC
=t5 <125 <t1 AMC
10 | Steady-state voltage deviation BU.: %
=+10 <110 <1 AMC 13
1 1 1 1
11 | Voltage unbalance U0 %
0.5 0.5 0.5 0.5 (4)
12 | Related range of voltage setting &U. % <5 <t5 <15 AMC
13 | Rate of change of voltage setting vu %/s 02tol AMC
Transient | 100% load decrease <+35 <+25 <+20 | Aamc
14 | voltage load i Blldyn % B B B e
deviation BMEP load increase =-23 =-20 =-13
. tu,in 5 <+10 =+6 <+4 AMC
15 | Voltage recovery time
tu,ge s =+10 £+6 =+4 AMC
16 | Voltage modulation Umoa: | % AMC 0.3 0.3 AMC
between 80% and 100% of
i - <
17 Active the nominal rating ap % S+5 S+5 Ame
ower
pow between 20% and 80% of
sharing . . - <+10 <+10 | Aamc
the nominal rating
Reactive between 20% and 100% of
18 | power . . AQ % - <+10 <+10 | AmC
i the nominal rating
sharing




Rating Plate for Generator Set

e '.'r'ating plate shall indicate the following;

General set

v Manufacturer name or Brand name
) Manufacturer

v Serial number .
v Serial No.

Model number Year of manufacture
v" Year of manufacturer Rated povwer
v" Rated Power (kW & kVA)

with one of the prefixes Rated power factor

Maximum site altitude of

(COP, PRP, LTP or ESP) installation
v Performance class Maximum ambient
v d fact temperature

Rated power factor Rated frequency
v" Rated frequency (Hz) Rated voltage
v" Rated Voltage (V) Rated current
v" Rated Current (A) Mass f
v Mass (kg) Performance class _ ki
v" Ambient temperature (°C) i
v .

Altitude (m) ISO 8528-5



Rating Plate for Engine

The rating plate shall indicate the following;

Manufacturer name or brand name
Model number
Serial number
Rated Power (kW)
Rated speed (rpm)

D N NI N NN




Rating Plate for Alternator

The rating plate shall indicate the following;

<\

Manufacturer name or

Brand name

Serial number

Rated Power (kW/ kVA)

Insulation class | Tl
Temperature rise BASE RATING KVA EF
Rated power factor m § =
Rated frequency (Hz)

Rated Voltage (V)

Rated Current (A)

Rated speed (rpm)

Duty class

Frame size

v
v
v
v
v
v
v
v
v
v
v




Factory Acceptance Test (FAT)

Reguirements
. FAT shall be made at the manufacturer/supplier factory (as per EMAL registration)
. Approved shop drawing
lii.  Calibration cert. for equipment
Iv.  Country of Origin Cert. (shipping document for imported product)
V. Custom cert. (imported product)
vi.  Existing test result from manufacturer (engine and alternator)
vil.  Visual inspection
- Name plate (generator set, engine and alternator)
- dimension
- All parameter according to L-S5
- etc.
Iv.  Test according to Appendix B (L-S5)

Before commencement of any tests stated hereinafter, due advance notice not less than fourteen (14)
days providing details of dates, times, location/place, types of tests, test methods/procedures and test
records/formats and details of competent persons responsible for the tests shall be given to and
agreed by S.0.’s Representative. All test methods/procedures and test records/formats other than
those specified in this specification shall be approved by the S.0.’s Representative before tests being
carried out.




Factory Acceptance Test (FAT)

Appendix B (L-S5) : Generator Set Test Results

Test Site Condition

Insulation Resistance Test (500 V, MQ)

No load Voltage Range Test

Barometric pressure : 750 mmHg.
Temperature : 40 °C
Relative humidity : 95%

Alternator

Armature Insulation > 20MQ
Field Insulation > 20MQ
Exciter

Armature Insulation > 20MQ
Field Insulation > 20MQ
(e.g : Leroy Somer)

Based on AVR maximum and minimum Set




Routine Test

Protective Device Test Values for warning and shut down based on
manufacturer recommendations

Sudden Load Increase / Decrease Test As per Table 4 ISO 8528-5

Alternator Performance Test Technical specification data for alternator

JKR specification (L-S5)

Engine Performance Test Technical specification data for engine

JKR specification (L-S5)




JKR ELECTRICAL MATERIAL APPROVED LIST (EMAL)
https://jmal.jkr.gov.my/emalv3

Pengenalan
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oleh Banan, Kejuruteraan Eiektrik JIR Ma
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