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Agenda
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Sr. No. Description Duration Time

Day 1: Tuesday 23-Jul-2019

1 Programme Objective 45 min. 10.00 AM - 10.45 AM

2 Safety 30 min. 10.45 AM- 11.15 AM

Short break 15 min. 11.15 AM- 11.30 AM

3 Understanding DG set ratings, transient performance, 30 min. 11.30 AM - 12.00 

4 DG Set installation guidelines- Location, foundation 60 min. 12.00 PM - 01.00 PM

Lunch break 60 min. 01.00 PM - 02.00 PM

5 Exhaust system flue gas piping calculations, 30 min. 02.00 PM - 02.30 PM

6 Cooling system options selection criteria’s, 30 min. 02.30 PM - 03.00 PM

7 Ventilation system calculations, 30 min. 03.00 PM - 03.30 PM

Short break 15 min. 03.30 PM - 03.45 PM

8 DG starting battery sizing estimations, 15 min. 03.45 PM - 04.00 PM

9 Earthing system requirements 15 min. 04.00 PM - 04.15 PM

10 Understanding the Noise of DG sets, 15 min. 04.15 PM - 04.30 PM

11 Understanding the vibrations of DG sets, 15 min. 04.30 PM - 04.45 PM

12 Understanding DG set derate estimations,    15 min. 04.45 PM - 05.00 PM

13 Understanding Seismic requirements, 15 min. 05.00 PM - 05.15 PM

14 Q & A 15 min. 05.15 PM - 05.30 PM

Agenda- Revised A-Check for 750 KVA & Above rating DG sets
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Sr. No. Description Duration Time

Day 2: Wednesday 24-Jul-2019

1 Understanding customer segmentation 30 min. 10.00 AM - 10.30 AM

2 Understanding revised A-Check document 45 min. 10.30 AM- 11.15 AM

Short break 15 min. 11.15 AM- 11.30 AM

3 Understanding revised A-Check document 90 min. 11.30 AM- 01.00 PM

Lunch break 60 min. 01.00 PM - 02.00 PM

4 Understanding revised A-Check document 90 min. 02.00 PM- 03.30 PM

Short break 15 min. 03.30 PM - 03.45 PM

5 Q & A 45 min. 03.45 PM - 04.30 PM

Agenda- Revised A-Check for 750 KVA & Above rating DG sets
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1. Session Objectives
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Program Objective:

▪ Customer expectations are changing and benchmarking with Competition, 

▪ Change our perspective in commissioning from DG start up to back up power solution commissioning, 

which includes understanding of DG Set external systems, operational logic & integration requirements.

▪ Standardization of A-Check format across the country, with updated content to fulfill / exceed the customer 

expectations, 

▪ Customers are expecting Cummins confirmation about the DG set package installation Quality,

▪ Revised A Check format includes below activities, 

a. Vibration.

b. Noise

c. DG Set systems Operational Parameters.

d. PC 3.3 Parameters setting for synch. / load sharing & load management, 

e. Record Installation discrepancies / observations and educate customer regarding the actions to be 

planned.
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Program Objective

▪ Understand the System Requirements.

▪ Understand the System limitations.

▪ Check the Site Installation.

▪ Identify the Installation improvements.

▪ Suggest to GOEM first for all improvements, after understanding the scope/responsibility of GOEM or 

Scope/Responsibility of Customer.

▪ In case of Installation which need immediate before Commissioning, agree amicably with 

GOEM/Customer.

▪ In case of any serious installation like for example safety of the customer equipment, safety of service 

personnel etc., the Commissioning can be delayed till correction after through assessment and use your 

skills of impartial judgement.



8

2. Safety 
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Before We Begin- A Check -
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Our personal 

protective 

equipment (PPE) 

is our last line of 

defence because it 

means the hazard 

has actually made it 

to us—and without 

the PPE, injury may 

occur to us

(very likely)

Safety Personal Protection Equipment 
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Let us, Start Using these PPE (Work Area)

▪ Use personal Protective Equipment (PPE’s) at site,

▪ Helmet, 

▪ Safety Shoes,

▪ Hand gloves, 

▪ Safety goggle,

▪ Jacket, 

▪ Welding screen,

▪ Safety belt for working at height,

▪ Work permit for hot work & work at height,

▪ Proper scaffolding for working at height,

Our personal protective equipment (PPE) is our last line of defence because it means the hazard has 

actually made it to us—and without the PPE, injury may occur to us (very likely)
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Let us, Start Using these Signages. (Work Area)



13

For Engineers doing “A” check 

LOTO (Lock Out Tag Out) is the physical restraint of all hazardous energy sources that supply power to a 

piece of equipment, machinery or system. LOTO also includes applying a Warning Tag on the physical 

restraint device.

Option-1 Remove Positive Battery Terminal.

Option- 2 Better than above – Remove Battery terminal and put the lug in the Battery Box as below:

Additional Safety –

Press Emergency Stop on the Acoustic Enclosure as well as on the Engine Control Panel. 

PROTECTION IS A HABIT AND IT IS FOR YOU TO FOLLOW EVERY TIME.

SAVE YOUR LIFE IT IS PRECIOUS.
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For Engineers doing “A” check 

LOTO (Lock Out Tag Out) is the physical restraint of all hazardous energy sources that supply power to a 

piece of equipment, machinery or system. LOTO also includes applying a Warning Tag on the physical 

restraint device.

PROTECTION IS A HABIT AND IT IS FOR YOU TO FOLLOW EVERY TIME.

SAVE YOUR LIFE IT IS PRECIOUS.
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For Engineers doing “A” check 

We need to first take go to the PCC panel and put DG on Manual Mode and also put a sign board - If you 

can also put a signage on the Breakers it is double safety. Please remember SAFETY Begins with “ME”
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Safety Aspects in DG Set 

Safety Aspects – External Power Cable connections between DG set and Distribution Panel. 

1. Power Cables to be routed outside enclosure from the cutout provided for cable entry on enclosure as    

per the 4 page DG sets GA Drawing. 

2. Gland plate provided on enclosure should be slit in two halves to minimize eddy current effect. It should   

also be provided with rubber bidding at periphery and rubber grommets at cable entry holes, as per    

recommended cable size diameter. 

▪ Proper holes according to cable sizes should be drilled in the plate. (No gas cutting /weld cut is allowed) 

in the plate which is proved on the acoustic enclosure for power and control cabling. 

▪ There are three options for taking out the cables from the DG set acoustic 

a. Grommet 

b. Metallic sleeve. 

c. PVC Sleeve. 
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Safety Aspects in DG Set 
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Safety Aspects – External Power Cable connections between DG set and Distribution Panel. 

Safety Aspects in DG Set 
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3. DG set Ratings, Transient Performance 
& Cummins Product Range
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Rating Guidelines

▪ Rating Guidelines

• ISO Definitions – Nomenclature

• Understanding types of Ratings

▪ Transient Performance.
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• Required Running Time (Hours per year) 

• Applied load (variable or constant)

• Overload Capability 

( PS: Overload is not  mentioned in Standards)

(due to transients extra power is available)

Implied changes with Rating

• Warranty

Let’s examine available ratings in detail with examples………

Part- 1 Rating Guidelines-ISO 8528 Definitions

Factors that decide the Rating
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t1 t1

1 Year 

Time 

Power

t1 Shutdown for

maintenance

COP
Applicable for supplying utility 

power at a constant 100% 

load for an unlimited number 

of hours per year. No 

overload capability is 

available for this rating.

Continuous Power - COP

(8760 hr/yr., less service)

Rating Guidelines-ISO 8528-1 Definitions

Some may 

even ask for 

10% Overload. 

i.e 1010 kVA 

COP may 

require us to 

offer KTA50G8
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t1 t5

24 Hours/365 days a year 

Time 

Power

t2 t3 t4 t6
t7

70%

100%
Unlimited Time PRP:
(8760 hr/yr less service)

Unlimited number of 

hours per year

Variable load 

Not to exceed 70% 

average of the PP rating 

during any operating 

period of 24 hours.  

Prime Power

AVG

𝑃𝑝𝑎 =
𝑃1𝑡1 + 𝑃2𝑡2 + 𝑃3𝑡3 +⋯+ 𝑃𝑛𝑡𝑛

𝑡1 + 𝑡2 + 𝑡3 +⋯+ 𝑡𝑛
=
 𝑃𝑖𝑡𝑖
𝑛
𝑖=1

 𝑡𝑖
𝑛
𝑖=1

 

Prime Power - PRP

 10 % Overload 

available in a period of 12 

hours.  ( Not mentioned in 

standards but all DG 

Manufacturers follow)

Rating Guidelines-ISO 8528-1 Definitions
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t1

1 Year 

Time 

Power t1
Shutdown for

maintenance

Limited Time LTP:

 limited number of hours 500 

h/year

 Non-Variable Load 

applications at power levels 

never to exceed the Prime 

Power rating.

 Any operation exceeding 

500 hours per year should use 

the Continuous Power Rating

500 hr/yr max

t1

Limited Prime Power - LTP

Rating Guidelines-ISO 8528 Definitions
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ESP

For supplying emergency 

power for the duration of a 

utility power failure. 

Not to exceed 200 hrs/yr 

 Average load factor of 

70% of the standby rating

No negotiated outage 

operations.t1 t5

1 Year 

Time 

Power

t2
t3 t4 t6

t7

100%

70%

t1 t7 
Less than 200 

hours per year

AVG

𝑃𝑝𝑎 =
𝑃1𝑡1 + 𝑃2𝑡2 + 𝑃3𝑡3 +⋯+ 𝑃𝑛𝑡𝑛

𝑡1 + 𝑡2 + 𝑡3 +⋯+ 𝑡𝑛
=
 𝑃𝑖𝑡𝑖
𝑛
𝑖=1

 𝑡𝑖
𝑛
𝑖=1

 

Emergency Standby Power - ESP

Rating Guidelines-ISO 8528 Definitions
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Example C1250 D5- KTA50G3

1000

1250 1250

1400

0

200

400
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1200

1400

1600

COP LTP PRP ESB

kVA
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Genset Transients Performance

• Engine slows and voltage drops until fuel rate 

and/or excitation level increases.

• Governor and AVR cant predict change in 

load. So .

• Load change = V, Hz change

• Magnitude of the changes depends on 

• Size of the load relative to the gensets.

• How fast fuel rate and excitation can be 

changed..

• AVR v/HZ function. 
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Rating Guidelines
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Rating Guidelines
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Cummins Product range
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Cummins Product Range
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4. DG Set Installation Guidelines-
Location, Foundation
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DG Set location

▪ DG sets with Acoustic enclosure in Open area,

- CPCB II Products (up to 800KW Mechanical)- 75 dBA (CPCB Approved)

- 1010 KVA & Above- Cap in type enclosures- 25 DBA Insertion loss 

▪ DG sets with Acoustic enclosure in Covered area,

▪ Open sets installation in civil room area (1010 KVA & above rating)
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DG Set location- Space considerations
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DG Set location- Considerations

▪ Cooling system option-

1. Set mounted radiator, 

2. HE option (Cooling tower or remote radiator in secondary cooling circuit)

3. Remote radiator in primary cooling circuit, 

▪ Ventilation Air flow requirement-

1. Air intake opening/ air entry provision & 

2. Hot air outlet opening / hot air chamber, 

3. Radiation heat load from engine, alternator in room area, 

4. Wind flow direction,
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DG Set location- considerations

▪ Exhaust silencer installation & exhaust duct routing,

▪ Fuel day tank location,

▪ Electrical cable / bus duct layout,

▪ Switchgear panel location,

▪ Maintenance space- mainly Alternator removal for maintenance,
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DG Foundation-

▪ DG Foundation size to be considered as per equipment dimensions,

+ 100 to 150mm more at all sides, from DG set frame or 50mm more than    

acoustic enclosure frame.

▪ Foundation block depth calculations needs to worked out by civil structural engineer considering 
following factors,

1. DG set static & dynamic loads, 

2. Site soil load bearing strength, 

3. Site specific structural compliance requirements if any
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DG Foundation-

▪ Ensure civil foundation is properly cured before shifting of DG set on  foundation.

▪ DG Foundation finish surface should be elevated by 150mm from site finish floor level, to avoid rain 
water entry to enclosure & to maintain cleanliness.

▪ DG Foundation finish surface should be leveled properly within 6mm variation.

▪ Permissible slope over foundation length-

For rating up to 625 KVA- 1” 

For rating up above 750 KVA- 2” 
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DG Set receipt inspection at site

▪ DG set unloading & shifting to foundation route / process to 
be reviewed with site customer / safety team.

▪ Check compliance documentation for crane & crane operator 
involved in DG unloading at site.

▪ Crane and lifting ropes capacity to be verified as per weight of 
DG set to be unloaded / shifted.

▪ Check site soil condition / route for crane movement. 

▪ Use proper slings with spreader bar for unloading of DG set 
as per DG set model requirements.

▪ Position DG set as per installation drawings  as per site layout 
requirements.
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Pre-Requisites for DG Erection-

▪ DG Set external system erection works needs to be started only after setting   

AVM’s properly and locating DG set on foundation, 

▪ DG set controller (PCC), all harness connections needs be disconnected at PCC end / 
ECM end and all connectors to be masked properly to avoid any damage.

▪ While fabrication on DG set external piping / ducting connections, weld Earthing to be 
connected at closest point of weld area.

▪ Blank all the openings on DG set to avoid entry of debris, duct.

▪ Provide blanking plate on turbo outlet flange to avoid rain water entry to engine from 
exhaust duct. This blanking plate to be removed before commissioning of DG set. 
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AVM Installation- Soft mounted DG sets

▪ For soft mounted DG set, rubber 
AVM’s are provided between 
engine / alternator & base frame, 
which are factory set. 

▪ We have to ensure that DG set 
base frame is resting properly on 
levelled foundation.
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AVM Installation- Hard mounted DG sets

▪ For hard mounted DG set, rubber or spring 
type AVM’s are provided between DG Base 
frame & civil foundation finished floor, as 
per below process,

▪ Check & record the finish foundation level 
at AVM resting locations using water level 
tube, all readings should be within 6mm.

▪ Install DG set on AVM’s as per AVM 
locations specified in GA Drawing of 
particular DG set. 
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AVM Installation- Hard mounted DG sets

▪ Record AVM loaded height of all AVM’s as 
per format.

▪ Lift DG Set and add metal shim plates 
minimum 3mm thick, below AVM to control 
loading on all AVM uniform as per AVM 
data, as per guidelines.

▪ Maintain AVM installed loaded height 
variation within guidelines.
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AVM Installation- Hard mounted DG sets
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AVM Installation- Hard mounted DG sets

58 59 55 56 57 60 58 59 AVM Installed height mm

12 12 0 0 0 3 3 3 Shim size mm

L8 L7

R6 R5 R4 R3

R2 R1

RADIATOR ENGINE ALTERNATOR

L2 L1

L6 L5 L4 L3

L8 L7

3 3 0 0 3 6 3 0 Shim size mm

58 58 59 58 58 58 60 57 AVM Installed height mm
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AVM Installation- Hard mounted DG sets

▪ For example 2000 /2250 KVA- QSK60 G4/G8 DG 
Sets,

- Rubber pad option- Set mounted radiator   

option- 16 No. AVM’s

AVM Free height- 62mm

Average compression of AVM- 2.5 to 3.5mm

▪ All AVM’s should be uniformly loaded, within 1mm of 
variation.

▪ Top screw to be tightened properly.
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AVM Installation- Hard mounted DG sets

▪ For example 2000 /2250 KVA- QSK60 G4/G8 DG 
Sets,

- Spring type AVM’s- Set mounted radiator   

option- 10 No. AVM’s

AVM Free height- 150mm

Average compression of AVM- 14mm

▪ All AVM’s should be uniformly loaded, within 

+/-3mm.

▪ AVM pad tensioning bolt to be tightened by 1-2 
revolution incase fine tuning of AVM compression 
envisaged. Lock nut to be locked properly.
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QSK60- G4 & G8 Options available

Sr Combinations SO No.
Engine Sub base 

Design 
Radiator 
Supplier

Alternat
or AVM PN x Qty

1 Combination 1 PL / Kent Enginemate LV & HV
Rubber AVM - 4971806 

x 16 No.
4 Combination 2 PL / Kent Bearward LV & HV Spring AVMs X 10 No.
5 Combination 3 PL / Kent PHE option LV & HV Spring AVMs X 10 No.

6 Combination 4 PL / Kent
NO COOL 

Option
LV & HV Spring AVMs X 8 No.
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5. Exhaust System
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Exhaust System Considerations

▪ Exhaust System ducting Installation,

• Engine exhaust gas flow & back pressure limits,

• Exhaust duct length and stack location,

• Thermal insulation requirement,

▪ Exhaust Noise

• Sound from Tail Pipe,

• Sound transmitted to structure,

▪ Exhaust After Treatment if applicable
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Exhaust Duct size selection

▪ Exhaust System duct size calculations based on following,

• Engine exhaust gas flow rate,

• Engine back pressure limit,
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Exhaust Duct size selection-
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Exhaust Duct size selection

▪ Following site inputs are critical in duct diameter 
sizing calculation,

• Engine exhaust gas flow rate,

• Engine back pressure limit,

• Length of ducting,

• No. of flexible bellows,

• No. of 90 Deg. long radius Bends,

• No. of 45 Deg. long radius Bends,
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Exhaust System P&ID Scheme
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Affects of Exhaust System High back pressure

High exhaust system back pressure may lead to,

▪ Lower fuel economy,

▪ High exhaust gas temperature & higher thermal loading of engine combustion chamber related 
components,

▪ Poor performance of engine- engine derate,

▪ Less durability,

Exhaust gas backpressure 

measurement Scheme
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Exhaust gas silencers

▪ Exhaust gas silencers can be used single module per DG set or two no. per set (one for each bank),

▪ Considering the estimated attenuation, following type of silencers can be worked out,

- Industrial Grade (12-18 DBA),

- Residential Grade (18-25 DBA),

- Critical Grade (25-35 DBA),

- Hospital Grade (35-42 DBA)
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Industrial Grade silencer
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Residential Grade silencer
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Critical Grade Silencer
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Hospital Grade Silencer
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Rain Water Entry Protection

Following care to be taken during assembly of acoustic 
enclosure at site,

▪ Proper sealing at doors and foundation level.

▪ Rain protection cover for exhaust ducts terminated 
from enclosure,

▪ Condensate drain point of 1” diameter pipe needs to 
be provided in exhaust horizontal ducting, after 
silencer location, at lowest point to drain condensate 
water.

▪ Exhaust ducting should have downward slope away 
from engine at 1:200,
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Flexible Bellow Alignment Check after Turbocharger

▪ Exhaust bellow after turbochargers alignment to be checked after installation, 
should be within 3mm in both axis.

▪ Blanking plate need to be removed before DG set start up.

▪ Check exhaust port after turbo for entry of any foreign material like welding rods, 
steel pieces etc. entered during site fabrication work.

▪ Check for installation of suitable gasket for bellow fitment (Metallic type, 3mm 
thick- ring gasket),
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Flexible bellow selection in exhaust system

▪ Exhaust duct is subjected to thermal expansion when operating temperature rises from ambient to 
+400 Deg.C. About 3.7mm thermal expansion is estimated per meter of duct.

▪ Metallic flexible bellow needs to be provided in horizontal duct laid as per thermal expansion 
estimation & bellow design parameters.

▪ Exhaust bellow needs to be selected on the basis of following parameters,

- Design temperature (about 550 to 600 Deg.C)

- Design pressure (about 1 bar)

- Axial expansion (30 to 50mm)

- Radial expansion (10mm)
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Thermal Insulation for Exhaust duct

▪ Exhaust duct thermal insulation details are given below,

- Rockwool slab of thickness- 50mm,

- Rockwool density- 64 to 100 Kg/m3,

- Aluminium cladding- 24 to 26 SWG,

Estimated surface temperature with above thermal insulation will be about 70 to 80 Deg.C depending 
upon room ventilation effectiveness.

Estimated heat dissipation from thermally insulated duct will be about 1KW per meter length.
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Supports for Exhaust ducts

▪ First support for exhaust ducting after turbocharger outlet should be fixed type.

▪ All other supports in exhaust ducting should be sliding type (Shoe support),
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Exhaust Stack

▪ Exhaust stack diameter needs to be worked out on back pressure & gas exit velocity considerations.

▪ Exhaust stack types-

- Self supported type,

- Structurally supported type,

▪ Individual exhaust stack pipe is recommended for each DG set.

▪ Lighting protection & twin type aviation lamp needs to be provided at stack top most elevation,

▪ Two earthing pits with two earthing strips connections to be provided for stack.
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Exhaust Stack Height considerations

▪ For CPCB-II DG Set products, stack height guidelines is as 
follows,

▪ For 800 KW + DG Sets,

Or 30m 

Note- Stack height to be considered which is maximum of above 
aspects.
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Common stack for two DG sets- Case specific
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Common Wet Scrubber Installation- Case specific
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DG-1 -- NB Two Way Damper

Electrical actuator driven --MM Ducting 1:50 slope downward 

away from engine for condensate drain
S

C

R

U

B

B

E

R

C

O

M

M

O

n

--MM Ducting 1:50 

slope downward away 

from engine for 

condensate drain

25 NB Condensate 

drain provision at 

lowest point

DG-3 

DG-2 

--MM Ducting 1:50 slope downward 

away from engine for condensate drain

--MM Ducting 1:50 slope downward 

away from engine for condensate drain
-- NB Two Way Damper

-- NB Two Way Damper

Electrical actuator driven 

Electrical actuator driven 

Electrical actuator driven 

--MM Ducting 1:50 

slope downward away 

from engine for 

condensate drain

--MM Ducting 1:50 

slope downward away 

from engine for 

condensate drain

25 NB Condensate 

drain provision at 

lowest point

25 NB Condensate 

drain provision at 

lowest point

Scrubber Installation
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6. Cooling System
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Different Types of Cooling System

Types of Cooling 
System

Remote Radiator 
(Primary) 

Electrical driven 
– Vertical – Near 

DG Set 

Remote radiator-
Electrical Driven 

kept outside

Engine driven 
fan- Set mounted 

Radiator

Heat Exchanger 
(plate type)

Remote 
Radiator-

Electrical driven -
Secondary

Cooling Tower
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One Pump Two Loop Cooling Systems (1P2L)
▪ Two cooling circuits within the engine, two radiator cores but only one coolant pump.
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Two Pump Two Loop Cooling Systems (2P2L) 

QSK60 - G3 / G4 - Coolant Flow Diagram

Revision : 00- August 2004

Cummins India Limited

Marketing Department

QSK60 - G3 / G4 - Coolant Flow Diagrams

Engine Coolant Flow

Cylinder Liner

(RB & LB)

Cylinder Head

(RB & LB)

Water

Manifold

(RB & LB)

HE / R

Coolant

Pump

Expansion

Tank

Water

Header

Oil Cooler

Thermostat

Housing

(RB & LB)

Thermostat

Coolant

Safety Controls

Coolant

Temperature

Gauge

B
yp

as
s

Low Temperature Aftercooler Water Flow

LTA

Aftercooler

HE / R

LTA

HE / R

LTA

Water

Pump
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Engine coolant composition

X1.3/X2.7/X3.6/4B3.3/4B3.9/6B5.9/QSB5.9/QSB6.7/L8.9/ 

QSL9/ QSN14/KTAA19/QSK19/K38-G12&17/QSK50/ 

QSK60/QSK78/QSK95 

Premix Ethylene Glycol (EG 

compleat 50:50)

KTA38-G5/KTA50-G3/KTA50-G8I CAC Premixed (DCA2)
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Considerations for Remote radiator in primary circuit

▪ Maximum permissible elevation from DG foundation- 5m.

▪ Maximum distance of radiator from DG set – 10m,

▪ Permissible pressure drop in engine external cooling circuit,

▪ Cooling system pipe diameter to be calculated considering flow rate & 
pressure drop limit,

▪ Radiator to be installed at 1m elevation from finish floor level to minimize 
duct carry over on radiator core, 

▪ Expansion tank to be installed at 0.5 m minimum above cooling system 
topmost area,

▪ Isolation valves, gauges, venting provision, drain valve to be provided as 
per system P&ID scheme.
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Remote Radiator in Primary circuit- P&ID
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Cooling Pipe Diameter Selection
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Cooling System Expansion Tank Capacity Calculations
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Cooling System Expansion Tank-
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Radiator Selection Guide- Primary circuit
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Considerations for Remote Radiator in Secondary  Circuit

▪ Maximum permissible elevation from DG foundation- As per site requirement,

▪ Maximum distance of radiator from DG set – As per site requirement,

▪ Permissible pressure drop in engine external cooling circuit- Water circulation Pump 
head to be selected as per site requirement,

▪ Cooling system pipe diameter to be calculated considering flow rate & pressure drop 
limit,

▪ Radiator to be installed at 1m elevation from finish floor level to minimize duct carry 
over on radiator core, 

▪ Make up tank of capacity 500 litre to be installed at 0.5 m minimum above radiator,

▪ Isolation valves, gauges, venting provision, drain valve to be provided as per system 
P&ID scheme.

▪ Radiator selected with @ 8-10 Deg. C approach temperature & @10 Deg. C delta T.
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Radiator Selection Guide- Secondary circuit
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Considerations for Cooling tower in Secondary  Circuit

▪ Cooling water consumption at cooling tower will 
be about 1.6% to 2.0% of water circulation flow 
rate across cooling tower.

▪ Make up water quality parameters to be 
maintained as 

per guideline,

▪ If cooling water properties are beyond limits, it 
may result in,

- Scale formation in PHE,

- Overheating of engine may lead to

tripping,

- Corrosion  
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Cooling Tower Selection Guide- Secondary circuit
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Cooling Tower Selection Guide- Secondary circuit
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Low Noise Option- Site Specific Requirement

To comply site specific requirement for low noise option – remote radiator cooling, following 
aspects to be considered,

▪ Exhaust silencer to be selected as per noise attenuation requirement,

▪ Radiator fans to be selected with low noise option to achieve overall 75 DBA at @1m & 
65 DBA at @10m (+/- 3 DBA), 

▪ Radiator of standard option- 85 DBA at @1m & 75 DBA at @10m (+/- 3 DBA), 

▪ DG Set acoustic enclosure to be worked out for 30 to 35 DBA insertion loss at @1m 
outside enclosure (CPCB Guideline is 25 DBA), Intake air louvers & hot air outlet louvers 
needs to be designed suitably.

▪ Ventilation fans used in acoustic enclosure needs to be selected for low noise option and 
required flow rate / static head.
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Remote Radiator in Primary and in Secondary are different

Remote radiator for Primary circuit Remote radiator for Secondary circuit
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7. Ventilation System
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Ventilation System- Considerations

Ventilation system is required for,

• To take out heat dissipated from DG Set (Engine & alternator),

• For 2000 KVA (QSK60-G4) dissipation heat load is,

Engine- 175 KW + Alternator- 72= 247 KW

• To provide intake air for combustion,

• To maintain temperature rise in acoustic enclosure over ambient temperature,

• Electronic components on DG set are subjected to inside air temperature,
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Ventilation System- Considerations

Improper ventilation leads to,

• Poor performance and reliability of genset

• Poor fuel efficiency

• Premature failures of engine, alternator and electrical components.

• Unbearable working conditions due to higher room temperatures.



92

Ventilation System- Considerations

DG Set mounted radiator option-

• Takes care of engine cooling & ventilation,

• Average temperature rise is about 7 to 8 

Deg.C,

• For cooling system performance, air on 

radiator core is critical aspect,

• Intake air travels from alternator to engine & 

to radiator core,

• Acoustic enclosure pressure drop to be 

maintained within permissible limit (0.5 Inch 

of water column) including intake louvers & 

hot air outlet louvers.

• Ventilation air flow is critical to get optimum 

cooling system performance
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Ventilation System- Considerations

DG Set with HE or remote radiator option or room 

installation-

• Ventilation fans need to be provided at hot air 

outlet area inside enclosure.

• Cooling system is independent of ventilation 

system,

• Ventilation fan selection aspects are,

• Radiation Heat load of DG set,

• Air flow capacity to be calculated as per permissible

temperature rise over ambient (7 to 10 Deg.C),

• Fan delivery static head as per estimated pressure

drop across acoustic enclosure,

• Noise level requirements,
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Ventilation Air flow requirement 
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Ventilation system- Considerations

DG Set in room area-

• Effective opening at air intake side should be minimum 1.5 times  of 

radiator core area,

• Effective opening at hot air outlet side should be minimum equal to 

radiator core area,

• Auxiliary ventilation fan to be provided to take out heat from room 

area when DG set stops, to maintain ambient temperature in room 

area.
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Ventilation system- Considerations

Hot air outlet duct extension on enclosure-

When DG Sets are installed in room area and hot air to be terminated outside to 

avoid short circuit of hot air to suction side, following critical aspect to be 

considered,

• Size of the extension duct to be worked out considering overall pressure drop 

of max. 2mm.

• In case of increased back pressure, radiator fan flow will reduce and impacts 

cooling efficiency of radiator. 
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Ventilation System- Considerations

DG Set installation in building Basement-

For DG set mounted radiator specified air flow is required with proper air inlet and hot air 

outlet scheme, which is the concern area at most of the sites.

Following option can be worked out to suit basement installation,

• DG set with HE option- remote radiator or cooling tower in secondary cooling circuit,

• Product cooler to maintain DG room temperature, with cooling tower in secondary 

cooling circuit,

• Fresh air supply mechanism (@2 times of combustion area requirement),

• Better noise attenuation option,
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DG Spacing
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Ventilation system- Considerations

DG Set installation in building Basement-
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Ventilation system- Considerations

DG Set installation in building Basement-
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62°C

40°C

Installation Review: Ventilation
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Ventilation Calculation

In all cases care should be taken to avoid re circulation of hot air. 

Note: Refer Table 1 for Ventilation air quantity requirement. Fan flow rate should be 

selected according to the engine breathing air and radiation heat dissipation with 

permissible temp rise in DG room/Enclosure.

Static head of the fan should be selected according to the restriction at air suction area 

and hot air outlet area, also consider the attenuation requirement.

Maximum temperature allowed to rise in DG Set room /Enclosure is 

Option Allowable temperature rise

Radiator Cooled 7-8 degree C (Air inlet temp to Radiator Core)

HE cooled or “No Cool” 10 degree C
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Ventilation Calculation

Formula for Ventilation Air Quantity Calculation

Option-1 - Air flow quantity requirement in CFM

Where H is heat load in btu / minute and Δ T in Degree Fahrenheit. Engine combustion in 

CFM.

Option- 2 - Air flow quantity requirement in m3/ Minute

Where H is heat load in kW and Δ T in Degree Centigrade. Engine combustion in m3/min
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Ventilation Calculation- Table 1 in DG Inst Guide
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8. DG Starting Battery Sizing 
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Battery Sizing Estimation

• Earlier CCA Calculations were done as per engine design parameters,

• Now CCA values at various operating temperature are defined in engine data 

sheets released by Cummins factory.

• DG Starting battery capacity to be selected by battery manufacturer/ supplier 

on the basis of following aspects,

- Engine CCA value, 

- Cranking time as 10 Sec per start, 

- 3 or 6 starts capability as per site requirement, 

- Minimum ambient operating conditions at site and 

- Redundancy requirement if any.
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Please refer Table K.4 for battery capacity and 

cable sizes for various engine models. Cable 

sizes are for maximum length of 2 meter. If a 

length is more, size the cable to be increased to 

minimize overheating of the cable and minimum 

voltage drop.

▪ For AMF applications, an external battery 

charger should keep the batteries fully charged 

at all times.

.

Battery Selection 

Generally DG Set starting batteries are supplied

along with DG sets, Cummins Pulse lite type

specially designed for cranking application. The

batteries are dry charged and this pre-charge of

the batteries will remain for around 3 months

maximum. If DG commissioning is delayed

beyond this period, these batteries need to be

trickle charged again to be able to start the DG.

In case of batteries other than Cummins supply

Batteries, they are also generally supplied in

charged condition.

Batteries should be placed on wooden stands and

preferably near the starting motor. A

wooden/acrylic top cover with proper venting can

also help protect the battery leads/terminals.

Refer Sketch on right.
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Battery selection is done by DBU and 

suggest please get in touch with the 

following for all batteries selection

Lakshmi N Pacha- cell- 7722094573 

<Lakshmi.Pacha@cummins.com>

Battery

Selection 

mailto:Lakshmi.Pacha@cummins.com
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Battery Sizing

Now, these battery calculations are to be taken from either DBU or from the battery supplier. 

CCA values are given
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9. Earthing System
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Earthing Guideline

EARTHING (As Per IS 3043/IEC)

1. The generating set and all associated equipment control

and switch gear panels must be earthed before the set is

put into operation. PCC panel should have separate

earthing strip connection of suitable size connected to DG

Set body earthing.

2. Four numbers earth pits are required as per Indian

Electricity rules or local electricity board.

• 2 earthing pits for DG Set/

control panel body

• 2 earthing pits for neutral.

Minimum distance between the two earth pits should be

@800 mm, numbers of earth pits are to be determined by

fault level calculation.
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EARTHING (As Per IS 3043/IEC)
3.Practice earth resistance should not exceed 

one ohm. Earthing should be checked at earth 

pit location and resistance should be maintained 

within 1 ohm.

For DG Sets with AVM's between engine/ 

alternator and base rail, the earthling MUST be 

done at the engine/ alternator and NOT at base 

rail.

N.4 DG Set should be earthed at two distinct 

points through a GI/ Copper Strips/ conductor 

heavy enough to carry the short circuit current 

without burning. (Sketch N.4)

Note: In case of multiple DG sets check with 

GOEM project team on earthing pits design and 

earthing grids/rings

Earthing Guideline
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TYPES OF EARTHING

Different type of earthing stations

A. Plate Type Earthing station

Different type of earthing stations

B. Pipe Type Earthing station

Earthing Guideline
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TYPES OF EARTHING

Different type of earthing stations

C. Chemical Earthing Section

Earthing Guideline
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Mobile Generator Earthing
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Recommendations

▪ All equipment that can be energized must be grounded

▪ Ground fault current must have a defined path to return to the sources

▪ Remember the two big rules for ground fault sensing:

• There can be only one neutral-to-ground bond in the system

• The sensor for the ground-fault signal devices shall be located downstream of the 
neutral bonding point

▪ Specify 4-Pole ATS if:

• GFP on Normal/GF Indication on Emergency is required

• Any 3-phase 4-wire with line-to-ground voltage above150V when future expansion to 
the facility is expected.

▪ Paralleled sources add complexity but key principle still applies

• Fault current needs a defined path to return to the source

▪ Specify or Show Neutral Bonding Jumper on Generator When Separately-Derived (Some 
manufactures don’t bond the neutral-to-ground on the generator).
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▪ Painted surfaces

▪ Corroded ground connections

▪ Corroded ground wires/cables

▪ Damaged connections or conductors

▪ Loose ground connections

▪ Missing “star” type washers where they are 
meant to establish ground connection 

Impediments to effective equipment grounding
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10. Understanding Noise of DG sets
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Brief

• Noise is unwanted sound.

• Noise is defined in dBA, 

• For CPCB-II Products, 75 dBA noise level at 1m is statutory compliance requirement at 

manufacturer end,

• For DG Ratings more than1010 KVA, 25 dBA insertion loss to source noise level at 1m 

from reference point is statutory requirement and compliance is in end client scope.

• In case of complain logged by neighbors for noise issue, DG owner / operator to take all 

possible steps to curtail issue reported as per site regulatory requirements. 

• Most of the projects are coming up in commercial zone, which calls for lower noise level 

requisites.

• Noise measurement reference standard in IS8528-10,
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What are the Noise Norms?
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Noise - Source

What are the noises which we need to be 

aware of 

1. Engine Mechanical Noise – Pressure 

2. Exhaust Sound- Octave Band 
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Sound Attenuation

1. Engine Mechanical Noise – Pressure 

2. Exhaust Sound- Octave Band 
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▪ Un-silenced engine exhaust 

• 120-130 dB(A) @ 1m

▪ Radiator cooling fan 

• 100-110 dB(A) @ 1m

▪ Engine

• 100 -105 dB(A) @ 1m

▪ Alternator

• 80 – 90 dB(A) @ 1m

Generator Set Sound Contributors
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Adding decibels

When the numerical 

difference in dB(A) 

between two noise levels 

is:

Add this dB(A) to the 

higher of the two noise 

levels for a total:

0 3.0

0.1 – 0.9 2.5

1.0 – 2.4 2.0

2.4 – 4.0 1.5

4.1 – 6.0 1.0

6.1 – 10 0.5

>10 0

100 dB(A)

103 dB(A)

100 dB(A)

The Sum of Sound Sources
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▪ Limits are almost always based on sound pressure at 

the property line.

▪ Location is the single greatest ally or enemy

▪ Increase distance from source to receiver

• Sound pressure drops ~6 dB(A) at 2x distance

▪ High mass, absorptive barriers

▪ Avoid reflective surfaces

• Perceived sound pressure increases:

- 3dBA due to a reflective surface

- 5dBA for two reflective surfaces

▪ Direct noise away from sensitive locations 

• Radiator discharge turning vanes

• Exhaust discharge elbows

Installation Considerations
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Generator set shall include critical grade muffler.

• Grades are not standardized.

• Advertised sound attenuation is dependent on application.

Generator set shall include [critical grade / level X] housing.

• Does not mandate compliance with the limit imposed on the owner.

• Enclosure/housing grades are not standardized.

Generator set shall include housing/muffler with X dB(A) reduction.

• Does not mandate compliance with the limit imposed on the owner.

• Magnitude of reduction is not relative to the raw or resulting sound levels.

CAUTION

Common Specification Pitfalls
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Fan: 86 dB(A) 

Exhaust: 94 dB(A) 

Engine/Alternator: 80 dB(A) 

95 dB(A)

Specification Pitfalls: Muffler Grades
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Fan: 86 dB(A) 

Exhaust: 94 dB(A) 

Engine/Alternator: 80 dB(A) 

88 dB(A)
“Industrial-

Grade” Muffler 

[15 dB(A)]
Exhaust: 79 dB(A) 

Specification Pitfalls: Muffler Grades



129

Fan: 86 dB(A) 

Exhaust: 94 dB(A) 

Engine/Alternator: 80 dB(A) 

87 dB(A)
“Critical-Grade” 

Muffler [30 

dB(A)]

Exhaust: 64 dB(A) 

Specification Pitfalls: Muffler Grades



130

▪ At what load can the generator set be tested?

▪ Are there any other contributors to sound at the site? 

(load bank, ambient noise)

▪ Who is performing the measurements?

▪ When are the measurements being performed?

▪ What type of measurement equipment will be used to 

perform the validation testing?

Testing Considerations
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Adding decibels

When the numerical 

difference in dB(A) 

between two noise levels 

is:

Add this dB(A) to the 

higher of the two noise 

levels for a total:

0 3.0

0.1 – 0.9 2.5

1.0 – 2.4 2.0

2.4 – 4.0 1.5

4.1 – 6.0 1.0

6.1 – 10 0.5

>10 0

If the ambient noise at the site is more than 10 

dB(A) greater than the generator set, validating 

sound performance on site will present a challenge.

Testing with Ambient Noise
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To meet the CPCB Norms Noise limits we have to now look at 

attenuators :Caution–Single/Multiple DG sets( diff 7-8dBA)
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Reduction in Sound over Distance-

Typical 9 meters Boundary- 10 dBA 

Single DG –

75 DBA

Multiple 

- – 82 to 83 dBA
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Summary

With every day –

▪ Customers are now demanding low Noise.

▪ Industrial area not so stringent.

▪ Residential area – very stringent.

▪ 75 dBA or 65 dBA is not the norm- No neighbor complaint is the requirement.

▪ Even humming/irritation noise in not acceptable.

▪ We need to work with Noise Experts/Consultants

▪ New Silencer Manufacturers- for Impulsive/Reactive Silencers
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11. Understanding Vibrations of DG sets
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Understand Vibrations

Content

1. Where to measure the vibrations.

2. Measurement values as per standards

3. Format for measurement.
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Vibrations

▪ Cummins DG sets have built in anti – vibration. These AVMs isolates engine vibrations 

transferred to foundation. Vibration limits and measurement should Meet ISO8528 part 9.

▪ R.1 Measurement locations- refer sketch below Vibration Limits as per IS 8528-9 refer table below

Duration 15 minutes
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▪ Cummins DG sets have built in anti – vibration pads. These AVMs isolates engine vibrations 

transferred to foundation. Vibration limits and measurement should Meet ISO8528 part 9.

▪ Measurement locations- refer sketch below (above page)

Vibration Limits as per IS 8528-9 refer table below

Vibrations



139

Vibration Data Record Format
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13. Understanding DG Power derate estimation
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Program Objective

▪ Understanding of deration 

▪ Engine 

▪ Alternator

▪ Combined effect on DG Set.
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Point to discuss 

1. Why Derate calculations are important?

2. What are the derate inputs required from GOEM/customer to give the proper recommendations?

3. How to read the derate calculations ?

4. What is the process flow if the standard product not fits customer requirement

5. What is DG sizing?

6. What are the sizing inputs required from GOEM/customer for the proper recommendations?

7. How to read the sizing Output ?
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Why Derate calculations are important

Derating the technique employed in power electrical and electronic devices wherein the devices are 

operated at less than their rated maximum power dissipation”. 

The factors matters for this are altitude, Ambient temperature, Class of Insulation in case of alternators.

Altitude: In areas of high altitude, air pressure drops reducing the air density. This can create problems 

with generator start up. air is crucial for ignition in any type of generator. Another factor that gets affected is 

availability of ambient air to facilitate heat dissipation from the generator. A lot of heat is created during the 

combustion process and needs to be dissipated into the environment to reduce engine temperature. At 

high altitudes, due to the low air density, heat dissipation occurs at a much slower rate than it would at sea 

levels, resulting in high engine temperatures for a sustained period of time. The engine remains hot and 

overheating is a common problem in such cases.

Temperature: High temperatures are also associated with lower air density and can cause similar ignition 

problems due to inadequate air supply. This can burden the engine which pushes itself to deliver the power 

it is designed to. However, due to inadequate oxygen levels available for combustion, it fails to do so. In 

many such instances, the engine gets overheated and sometimes collapses altogether.
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Temperature Rise details

Class B temperature rise: For example, an 80°C rise is often referred to as a 'Class B' temperature 

rise, since 80°C is the maximum allowable temperature rise (by resistance) for a 1.0 S.F. motor 

insulated with Class B insulation based on a 40°C ambient.

Class F: For example, an 105°C rise is often referred to as a 'Class F' temperature rise, since 105°C is 

the maximum allowable temperature rise (by resistance) for a 1.0 S.F. motor insulated with Class F

insulation based on a 40°C ambient.

Class H: For example, an 125°C rise is often referred to as a 'Class F' temperature rise, since 105°C is 

the maximum allowable temperature rise (by resistance) for a 1.0 S.F. motor insulated with Class F

insulation based on a 40°C ambient.
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What are the derate inputs required from GOEM/customer to give 

the proper recommendations?

To know to 

whom we 

are serving

What is Power 

Output & Qty.

tender requirement

Rating Application

Tender requirement for 

temp. & altitude. 

Always mention min. & 

max. temp (if mentioned on tender) 

to check whether 

the genset validation done on it or not.

For proper

Alternator selection

Incase any tender requirement 

of PMG/HT frames /Paralleling
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CGT standard Guideline for Temperature Rise
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Additional CGT guideline for derate factor as per Site condition :-

1. Additional 3% deration is applicable for every 5 degree C more ambient above 40 degree C, up to 

60 degree C ambient.

2.  Additional 3% deration is applicable for every 500mtr above 1000mtr msl, up to 4000mtr.

3.  Always Deration factor to be apply cumulative for applicable conditions.
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Sample Derate Calculations Recommended engine model & kVA 

rating 

as per final power output 

As per given inputs 

rating Application

Power & %derate

(as per site conditions) 

for mentioned 

engine model as per 

engine datasheet. 

Engine power in kWm

considering fan power, 

battery charger power & 

net power

Temp. rise requirement 

as per tender

Check slide 6-7 for 

H to F temp. rise derate. 

Recommended Alternator frame

Additional derate as per 

general CGT guideline. See 

slide 7

Alternator Power OutputOut of engine & alternator, whichever 

power is lower will be consider as 

Genset Power output in kVA 
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13. Understanding Seismic compliance 
requirements
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Seismic Map of India-

India falls under either 

Zone 2

Zone 3 

Zone 4  

Zone 5
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14. Alternator RTD & BTD Thresholds
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Alternator- RTD & BTD Thresholds

152
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Q+A
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