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Revised A- Check 750+ kVA
DG sets

CHALLENGE THE IMPOSSIBLE
23rd _24th July 2019






Agenda- Revised A-Check for 750 KVA & Above rating DG sets

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
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Agenda- Revised A-Check for 750 KVA & Above rating DG sets

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
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1. Session Objectives




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.

®© o0 0o

Vibration.

Noise

DG Set systems Operational Parameters.

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

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



Program Objective

» Understand the System Requirements.
» Understand the System limitations.

= Check the Site Installation.

= |dentify 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.






Before We Begin- A Check -




Safety Personal Protection Equipment

PPE
The Last Line of Defence
H:H'\ 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 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 Sighages. (Work Area)

DO NOT ENTER THIS
AREA.

PERSONAL PROTECTIVE EQUIPMENTS

HEIGHT WORK
IN
PROGRESS
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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.
LOCKOUT / TAGOUT BEST PRACTICES

Option-1 Remove Positive Battery Terminal. Master Lock Safety Solutions
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.



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.

o,

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

SAVE YOUR LIFE IT IS PRECIOUS.



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”

WORK IN
PROGRES
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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.



Safety Aspects in DG Set

; Power
Recommendation on cable entry holese Systems
=

-
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Safety Aspects in DG Set

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

Cummins | 18



3. DG set Ratings, Transient Performance
& Cummins Product Range




Rating Guidelines

» Rating Guidelines
» |SO Definitions — Nomenclature
« Understanding types of Ratings

= Transient Performance.
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Part- 1 Rating Guidelines-ISO 8528 Definitions

raciors tnat cecice tne Rating

1*1((\‘
* Required Running Time (Hours per year) “Cég[/)
/,,\é i .
» Applied load (variable or constant) ( ) uh
* 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.........
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Rating Guidelines-1SO 8528-1 Definitions

Power

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.

Some may
even ask for
10% Overload.
l.e 1010 kVA
COP may
require us to
offer KTA50G8

> Time
(8760 hr/yr., less service)

1 Year

t, Shutdown for
maintenance




Ratlng Guidelines-1SO 8528-1 Definitions

D) D)

rlfflv— Fower = PRrP Prlme Power

4 Power Unlimited Time PRP:
100% (8760 hrlyr less service)

QdUnlimited number of
hours per year

AVG 70%

Variable load

LNot to exceed 70%
average of the PP rating
during any operating
period of 24 hours.

v

‘ [ Time 0 10 % Overload
" available in a period of 12

hours. ( Not mentioned in
24 Hours/365 days a year standards but all DG

Pty + Pty + Psts + -+ ity _ 2i=1 Pit; Manufacturers follow)

P =

ot ot | ta ]ty fts It

[
»

AT




Rating Guidelines-1SO 8528 Definitions

Shutdown for Limited Time LTP:
Power ! maintenance

Q limited number of hours 500
h/year

<’500 hr/yr max
0 Non-Variable Load
applications at power levels
never to exceed the Prime
Power rating.
H H , > Time O Any operation exceeding

| 500 hours per year should use
b 4 the Continuous Power Rating

[
<




Rating Guidelines-1SO 8528 Definitions

ESP

UFor supplying emergency
power for the duration of a
utility power failure.

UNot to exceed 200 hrs/yr

O Average load factor of
70% of the standby rating

No negotiated outage
operations.

Power t, t, Lessthan 200
I hours per year
100%
AVG 70%
Uy ‘ L, ‘ t3 t, 183 ls t7 fime
1 Year
_ Pltl + Pztz + P3t3 + + Pntn _ ?:1 Piti
pa — -

b+t +t3 4+t

n
i=1 Li



Example C1250 D5- KTA50G3
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Genset Transients Performance

= I”“ A
RV P e
!
Power 160 VACI V‘/’ . o
2‘:!5VACI \\'
\
« Engine slows and voltage drops until fuel rate Engine Fueling and Speed during Transient
and/or excitation level increases. | | Te— EE—
« Governor and AVR cant predict change in | £ PRLLCRD
load. So . & }
« Load change =V, Hz change o : N
« Magnitude of the changes depends on . /s " Engine begins to respond to
. . I speed change within 20
+ Size of the load relative to the gensets. . FuEL mS
« How fast fuel rate and excitation can be = Stable recovery ~4 sec
changed.. D —— = Limited by turbo lag (ability
° AVR V/HZ funCtlon_ 2274000 22762 00 22764 00 221660 Z27E8 00 227700 2772 1O get air intO engine)
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Rating Guidelines
ISO3046 (BS5514) Performance Classes for Engines

FREQUENCY
Class Droop  Steady  State at loads Transient Recovery
% <25% >25% 100% Load OFF Secs.
A2 <8 1.5% 1% 15 15
A1 <5 1.0% 0.8% 10 8

The amount of load application for turbocharged engines is subject to a
BMEP/POWER curve given in the Standard where a typical BMEP range of 15 to 20
bar shows a load application of 40/50% whilst remaining within the limits of the
Classes shown above.

GENERAL NOTE:

There is a tendency (especially with some of the less modern customer
specifications) to quote the Engine standard. This cannot apply as engines are
always coupled to an alternator having a significant effect on the system inertia and
hence governing characteristics.

1ISO8528 is the only applicable governing standard for Generating Sets.
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Rating Guidelines

ISO8528 (BS7698) Performance
Classes for engine driven Gen Sets

ISO8528 (BS7698) Performance Classes for Engine driven Generating Sets

FREQUENCY
Class Droop Steady Transient Recov. Transient Recov.
% State % 100% OFF Secs. Max. Load ON Secs.
G1 <8 2.5 18 10 15 10
G2 <5 1.5 12 S 10 S
G3 <3 0.5 10 3 7 3
VOLTAGE
Class Transient Recovery.
Max. Load ON Secs.
(%)
G1 25 10
G2 20 6
G3 15 4
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Cummins Product range

Adhvantage Prime Powasr Fating
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e SDS gk ARTAAG 9G4 110 UCEMG PS0S00 :
s i e L L el : DCC (Data Center Continuous) Power Rating
ClAER 14 HHAAGSGE 15 [ e (U H — - —
CHAIER 140 e R | s e Peid : Aty Frame Comtroler
CABIER 160 CI5HL 807 F LCERAE PG H cTRCOEr TH KTAIN-ONE 0B HOBIAW  mC3d
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1 CrasanEe 1380 KTARO ET0 HOWIAD R333
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CeLep 2 L HOD - FCLA : caasanee =0 CEEc-al 233 MTH 33
CAHNNER a0 LG s HOAsD PG 1 caTecoen 282 L B T LEMcax P33
CEATER 0 CELS-ES - HolAAE  PCHA 1 cacoons P ORTR-aE 3088 LVEWOT  PC2a
(= 6k CIENA-GH A4 HClA4E PCiz : CaTe0E 18 =t BT Ik LUBIBI& P2
CANIER A CEMNA-G2 4EE5  HCILSG  PCH? :
CHOER s00 KIAMB-GH il HOL4ED  PCA2 : P "
i sunber a:-:ﬁ'“n.lﬁﬂ
CEIER Ll e 7ils HOha4s P 1 Fasr gl plhumse il eitlor elagn w, e Curmmin b i Tesarn
QRGP (=T KTaAiG-EE 738 HoG4as 033 :
CHSIER ] CEKI9GF EZE5  HOhAE  PGH? 1
CISER 150 Kl Gi7 10E@  HOCIE3W  Cm3 :
e e o - ' Gas Generator Sets Product Ratings
- —
s e TR e Amear PeRd H 3 Phase, 415V, 50 Hz, 1500 RPM
CHHIER I KIAda G5 D HCIEMY  Poaa H
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Cummins Product Range

Lean Burmn - Continuous Operating Power (Natural Gas)

kWa Hating  Modal Cansat Modal Contrallar
k{1 (KRG CIERMLG 33
1160 CESKEDG GGG S
1K} LSRRG CLMBLG G [
14K CESKED G 100 LI
1h40 CEVI -5 CALAMSCH: Mz
{50 CEVH -G G FHONSCEE a3
000 CEVH G CAMNNSCEY, C2000N50 M3
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4. DG Set Installation Guidelines-
Location, Foundation




DG Set location

DG sets with Acoustic enclosure in Open area,

CPCB Il 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)

IRERBER]

SKETCH Al
OPEN DG SET IN ROOM AREA
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DG Set location- Space considerations

No Description DG set with DG set with Open DG set
- Acoustic Acoustic in room.
Enclosure Enclosure in
in Open Covered
Area. Area.
1 Free space on both sides Min. 1m M. 1 Min. 2m
2 Free space at Radiator Min. 2m Min. 1Tm (No obstacle Min. 1Tm (No
end (Radiator- - for hot air obstacle for hot
Hot air outlet front disbursement @ 2m) air disbursement
discharge) @@ 2m)
Free space at Radiator Min. 1m MMin. 1m (Ducting to A
end (Radiator- - provide as applicable
Hot air outlet Top to avoid hot air
discharge) recirculation to inlet
air).
3 Free space at Alternator MMin. 1.5m (No Min. 1.5m (No Min. 2m
side. obstacle for fresh obstacle for fresh air (considering
air suction) suction) altermnator
hauling space
requirement)
i Fresh air inlet effective N A Effective open area Effective open
opening area -MMin 1.5 times of the area -Whin 1.5
Radiator core area. times of the
Radiator core
area.
5 Hot air discharge effective A Effective open area Effective open
opening area -Minm 1 times of the area -Min 1
Radiator core area. times of the
Radiator core
area.
S Distance between two sets Min 1m between Min 1m between two Min1_5m

two canopies.

canopies.

between two
foundations.
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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- 17

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.



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.




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.

» |nstall 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

ESM_ Date :
Customer :
Done By : DG# |

SPRING TYPE AVM ADJUSTMENT FOR DG

Installed height of AVWRI-mm

Shims Thickness below AWK

Ciwvil foundation water level in mm

B
3000
e
Eii

U0 B UL

AV S ANM 4 AWM 3 AN 2 A1
G Mo
Engine side Sr. No. Alternator side

Ciwvil foundation water level in mm

S5hims Thickmess below AWM

e
1001H
I
IR

Installed height of AWR-mm
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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

= A_II AVM’S should be uniformly loaded, within 1mm of
variation.

= Top screw to be tightened properly.

o LEAD SEFLECTioN CaARM TERNSTILE: -
CLMiNE PGy [ PIFL PAAT (LGAD |8 (DEFLN. [CELOSK FuslH 1
[ ™ Lqi=i3) | K e | EOEE M LETTER
L =] [X] [ 5
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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.

Cummins | 47




QSK60- G4 & G8 Options available

Engine Sub base Radiator |Alternat
Sr Combinations SO No. Design Supplier or AVM PN x Qty
1 Combination 1 PL / Kent Enginemate |LV & HV Rubberf\llg/ll\l—o4971806
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 ngigﬁl‘ LV & HV| Spring AVMs X 8 No.

© Cp

1 ..ss;z.:?.'[v'ﬁw—* Vs b . *L
L] bl |
==
| 1] 1 _
L ’

e
O
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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,

Model mm (inches) of Hg kPa
X1.3 30.98 (1.22) 4.13
X2.7/ X3.6 29.97 (1.18) 4
6B5.9 38.1 (1.5) 5
4B3.3/ 4B3.9/ QSB5.9/
QSB6.7/ L8.9/QSL9/ QSN14/ 76.2 (3) 10.15
KTAA19 /KTA38
QSK 19/ K50/ QSK50/ QSK&60/ 50.8 (2) 6.77
QSK78/QSK95
Gas Engines 50.8 (2) 6.77
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Exhaust Duct size selection-

Estimated
i Exhaust | Exhaust | Pipe Dia C?mmc_m Estimated Double Pipes Exhaust
Sr. No. Engine DG S et gas flow |silencers| before Pipe Em,', Exhaust_Gas Dia after Gas-
Model Rating s after "Y Velocity Velocity
per DG. | /DG Set |"Y" piece piece | (Single Pipe) Turbocharger (Double
Pipe)
kVA m3/s Nos. |[inch NB | inch NB m/sec inch NB m/sec
1 KTA38G5 | 1010 3.31 2 10 12 45 10 32
2 KTAS50G3 | 1250 4.00 1 10 14 40 10 39
3 KTA50G8I | 1500 4.35 2 10 14 44 10 43
4 |QSK50G10| 1790 5.14 2 12 16 39 12 35
5 |QSK-60-G3| 1875 5.27 2 12 16 42 12 37
6 |QSK-60-G4| 2000 561 2 12 16 43 12 38
7 |QSK-60-G8| 2250 6.31 2 12 18 38 12 43
8 |QSK-78-G9| 2750 7.21 2 14 18 43 14 36
9 |QSK-95-G4| 3350 9.05 2 14 20 14 14 43
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Exhaust Duct size selection

= Following site inputs are critical in duct diameter e sy o le Catcutations l
sizing calculation, ° o

[Engine Model | QSK78-G9 |

. |Alternator Frame | HV804S |
 Engine exhaust gas flow rate, Carcusions tor Equivaiem Pipe Lengw | TOT [EGUVAIST o Tor] —Tora
nos. |one number in metre length
. - . Straight pipe - feet 50
* Engine back pressure limit, e 2 o2 2
. 90 deg. long radious elbow 3 7.2 21.6
i Le n gth Of d u Ctl ng :ze‘?es?éleEI\'i‘IJev: or outlet g) 234. 11 3(-31
! Expansion Bellows 3 1.2 3.6576
. 18 inch._ Flexible tube (0] 0.9 0]
* No. of flexible bellows, Total Plpe Lengi - M z8

. P=LxSxQ°/ 5184 x D°
* No. of 90 Deg. long radius Bends e e e
. . ] Q = Exhaust flow in CFM
D = Inside diameter of pipe in inch
H S = Specific weight of exhaust gas in Ib / cu.ft. and will vary with the absoclute
° NO_ Of 45 Deg . Iong radlus Bends temperature of exhaust gas. S = 41 / ( 460 + exhaust temperature in OF)
! P = BackK pressure in psi. Must not exceed max.allowable back pressure

L - feet 257
Q- CFM 15272.90
D - inch 20.0
Exhaust Temperature - °F 801
S - |b per cu.ft. 0.033
P - psi 0.118
|Pipes, flexibles and bends back pressure - kP4 0.81 |
[Silencer back pressure (Considered) [ 3.4 ]
Y piece portion back pressure 0.6
Total Back Pressure - kPa 4.8
[Max.Permissible Back Pressure - kPa 6.8
Cushion for back pressure - KPa 2.0

Velocity Through Exhaust pipe

35.6

Permissible velocity = 40 m/s ( Max)
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Exhaust System P&ID Scheme

LEGEND
ITEM SEND R
o LEGEND DESCRSTION
1 OSK F8-GF (2000<VA) DG SET
2 ra EXPANSION BELLOW. 300ME SIZE
J— NSULATITN, LS MRERAL WOOL 5L Kgim 50 THK
. EXHALST DUCT, 390N SITE, M5 ERW, 5 MM THE
s  PELE
’ COMMON STRUCTURALLY SUPPCRTED STACK as)
& f. STAULTURAL SUPRDAT OF HEIGHT 30 W WIMTH 4 NOS DUCT T
OF 500 NB SIZE. \(l)/ — -
4 EXHALST DUCT, 51008 SITE, M5 E2W,
— (16}
ra EXPARSION E0LL0MW, SO0hE \: ] .
8 EXPARSIN 30 MM, RADIAL (|
30 MTR. Lvl.
9 ] FLATFORM
10
1 3 DOMDENSATION DRAK POMNT, 35K SOE WITH VALVE
12 STACK STRUCTURE @"m‘___
@ E— SAMPLING PONT AT 114 ELEVATIOR, §0M3 SITF, ME ERW, € b THE
20 MTR. LvL.
1 ‘\1’ UIGHTENING ARRESTOR PLATFORM
5 - ?'» AVILTON LanE @
15 l/—/ 90 BEND AT TOP CF STACK, SI0MS SIZE, WITH BIRD MESH
17 D HAKHOLE FOR STACK @\
. STACK £27THNG WITH INSULA 0% SUSFORT FROM STALK STRLLTURE =
10 MTR. LwL.

PLATFORM

44@/

O] sILENCER T | Dsoons THH o i
@ @ @ @ 52 52 @ 52 é)SL @

RSN
52
a

@ @ FIRST SUPPORT SHOULD BE FIXED TYPE ALL SUPPORTS SHOULD BE SLIDING TYPE G4

= = -
f= (o]

L =
®3| &4
@7 @ NOTE:

T T

DG 1 D) 1) SIMILAR SCHEME FOR DG NO 2.,3.4

Qsk 78—Gg 2) EXPANSION BELLOW (500NB SIZE) TO BE LOCATED AT

EVERY &M DISTANCE IN HORIZONTAL EXHAUST DUCT

3) EXPANSION BELLOW (500NB SIZE) TO BE PROVIDED AT
SILENCER INLET & OUTLET NOZZLE.

3000kVA DG SET
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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,

RATED RPM / LOAD

ALTERNATE LOCATION

Exhaust gas backpressure

measurement Scheme

C——
ln. .
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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

Typical Attenuation Curves Typical Pressure Drop Curves
Industrial Grade (12-18 dB Attenuation)

40 — Exhaust Gas Velocity (m/min) _
35 % 0 500 1000 1500 2000 2500 3000 3500 4000 E‘
% 24 1 | | | | | | | 1.75 E
> 30 = =
] — |
2 25 a 20 1.50 Q
- 20 a 1.25 0
. 3 16 >
S 454 0 L 1.00 £
= 3 12 2
o 10 2 -0.75 8
- e 8 0.50 &
0 | | | | | | | | E 4 _025 E
315 63 125 250 500 1000 2000 4000 8000 E 0 0. E
Octave Band Center Frequency, Hz 3 1 2345678 091011121314 2

Exhaust Gas Velocity (in thousands (ft/min))
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Residential Grade silencer

Residential Grade (18-25 dB Attenuation)
Exhaust Gas Velocity (m/min)

40 ) —
35 % 0 500 1000 1500 2000 2500 3000 3500 4000 g

m - 24 | ] ] ] ] | ] ] _1.?'5 c
T 30 £ <
g o5 %20 -1.50 E
S 15 2 -1.00 5
£ 2 12 ?
2 10 G 075 §
- — =
- 5 (u 8 -0.50'1
- T

01 T T I | | | | | o 4 L 0.25 =
31.5 63 1256 250 500 1000 2000 4000 8000 E 0 0 E
Octave Band Center Frequency, Hz E 012345678 91011121314 (i

Exhaust Gas Velocity (in thousands (ft/min))
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Critical Grade Silencer

Critical Grade (25-35 dB Attenuation)

Exhaust Gas Velocity (m/min)

40 2 0 500 1000 1500 2000 2500 3000 3500 4000 Ecn
H.E I 1 1 | 1 | 1 | 1
0 T 24 475 2
T Hﬂ-- — e
B 25 g0
g 0
= 20 o 16
215 3 12
g 10 0 ]
E j =
U' I | I | I | | | % 4 .
315 63 125 250 500 10002000 4008000 E Qe o E
Octave Band Center Frequency, Hz B 01234567891011121314  u
I

Exhaust Gas Velocity (in thousands (ft/min))
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Hospital Grade Silencer

Hospital Grade (35-42 dB Attenuation)

45 Exhaust Gas Velocity (m/min)
40 0 500 1000 1500 2000 2500 3000 3500 4000

4 . 175
33_ / 150
/ -1.25

25

20 -1.00

15 -0.75
-0.50

10
-0.25
D—-“"/ 0

e T

Estimated Pressure Drop (in H,0)
ra £
Estimated Pressure Drop (in Hg)

—
i

o

Insertion Loss, dB

=

5

0 T T T T T T T |
012 3 45 6 78 91011121314

3.5 63 125 250 500 1000 2000 4000 8000
Octave Band Center Frequency, Hz Exhaust Gas Velocity (in thousands (ft/min))




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),

SLENCER QUT BELLOw SLENCER SUPPORT STRUCTURE
et _'_ s . _:’ B W T -

. Sliding Type ISupport |

. Ly P | :

/ | Iﬂ weer I |1 =+ = Fixed Type Support
‘ : | |I$ : e~ 54
g | ' L ° w7
- e . ._"
R
——
SETOHGS
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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.




Exhaust Stack Height considerations

» For CPCB-Il DG Set products, stack height guidelines is as
follows,

H=h+0.2xvkVA
Where H = height of exhaust stack h = height of building.

= For 800 KW + DG Sets,

H=h+02xVkVA
Where H = height of exhaust stack h = height of building.

Or 30m

Note- Stack height to be considered which is maximum of above

aspects.



Common stack for two DG sets- Case specific

Vi.

Vil

Individual DG set exhaust duct diameter to be selected as per back pressure and exhaust
velocity criteria.

DG set duct entry to stack should be at an angle of 45 deg. max (w.r.t. vertical stack pipe)
There should be about 1.5 meter space between two duct nozzles connected to vertical stack.
DG Set duct should be protruded in the vertical stack by about 25mm.

Condensate drain point should be provided for each DG set horizontal duct laid at bottom
most point before stack entry.

Stack pipe diameter to be selected as per back pressure and exhaust gas velocity
considering all connected DG sets in operation.

The exhaust pipe laid horizontally from engine outlet to stack inlet should be with downward
slope away from engine at the ratio of 1:30




Common Wet Scrubber Installation- Case specific

I. Exhaust back pressure is within the engine prescribed limits including the scrubber back
pressure design data.

II. Individual DG set exhaust duct diameter to be selected as per back pressure and exhaust
velocity criteria.

Ill. Motorized two way diverter damper to be provided for each DG set duct, before entry to
scrubber with flexible joint at scrubber inlet nozzle. Necessary interlock to be provided for
diverter damper closing in case of particular engine/DG set is idle & other sets are in
operation.

IV. The exhaust pipe laid horizontally at scrubber inlet should be with downward slope towards
scrubber inlet at ratio 1:50

V. Condensate drain point should be provided for each DG set horizontal duct laid at scrubber
Inlet to drain condensate formed in the duct.

VI. The maintenance of the scrubber needs to be carried as per the recommendations of the
manufacturer.

VII. Necessary water treatment plant to be provided as per scrubber manufacturer or statutory
requirement before disposal.



Scrubber Installation

--MM Ducting 1:50 slope downward Elgft”%al aiCtU?tOE drg’?n
away from engine for condensate drain eclrical actuator driven

--MM Ducting 1:50
slope downward away
from engine for
condensate drain

DG-1

l » -- NB Two Way Damper

25 NB Condensate
drain provision at
lowest point

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

away from engine for condensate drain

l

25 NB Condensate drain
provision at lowest point

--MM Ducting 1:50
slope downward away
from engine for
condensate drain

A 4

AMWOTCOTOW

DG_2 l —» -~ NB Two Way Damper

25 NB Condensate
drain provision at
lowest point

away from engine for condensate drain

25 NB Condensate drain
provision at lowest point

--MM Ducting 1:50
slope downward away
from engine for
condensate drain

D G _3 l »-- NB Two Way Damper

25 NB Condensate
drain provision at
lowest point

l

25 NB Condensate drain
provision at lowest point

S 000
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Different Types of Cooling System

Types of Cooling
System

Engine driven

Remote Radiator fan- Set mounted

Heat Exchanger

(Primary) Radiator (plate type)

Remote
Radiator-
Electrical driven -
Secondary

Electrical driven Remote radiator-
— Vertical — Near Electrical Driven
DG Set kept outside

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.

Expansion Engine Coolant Flow

Tank
v Low Temperature Aftercooler Water Flow
A
Thermostat 4—@
A
2
HE/R 2
4
; LTA
: R/HE Y
Coolant : Thermostat Enqine A
Temperature il Cooler Radiator Radiator
Gauge : » QrE or
1 2 Heat Ex.
®<7 Outlet
Thermostat Housing | 4 Aftercooler

@ !
[ Cylinder Liner

Coaolant
Safety Controls

Main Coolant
Header

'

Water Cyii
- inder Head
Manifold v

Cummins India Limited | KTA19-G9 - Coolant Flow Diagram
Marketing Department Revision : 00- August 2004




Two Pump Two Loop Cooling Systems (2P2L)

QSKG60 - G3/ G4 - Coolant Flow Diagrams

Expansion
Tank

A ¢

Engine Coolant Flow

Coolant

Low Temperature Aftercooler Water Flow
Pump

LTA
Aftercooler A
HE /R
Water
HE/R Header
A
Thermostat
Coolant
Temperature

LTA
Oil Cooler
Gauge

Water
Pump
w
w)
<
=
@47 Thermostat [=2)
Housing -
: (RB & LB)
A Cylinder Liner
Coolant (RB & LB)
Safety Controls v
A 4
Wa_ter Cylinder Head
Manifold - (RB & LB)
(RB & LB)

Cummins India Limited | @SK60 - G3/ G4 - Coolant Flow Diagram
Marketing Department

Revision : 00- August 2004
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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 (DCAZ2)
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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,

* |solation valves, gauges, venting provision, drain valve to be provided as
per system P&ID scheme.



Remote Radiator in Primary circuit- P&ID

LEGEND

SL.
DESCRIPTION
NO.
1. (T [TEMPERATURE GAUGE 0—120C
2. D | PrESSURE caucE 06 BAR
3. (0) | LEVEL INDICATOR
ry {5y | LDVEL SATICH FOR LT/NT EXPANSION TANK . . -
N NI H N NI
5. @ LEVEL SWITCH FOR HSD DAY TANK OF LEVEL INDICATION LL—L—H-HH EXPA SION_ TANK — EX EION TaMK LT
6. bd | FLEXBLE HOSE
7. [=] CONCENTRIC REDUCER/EXPANDER
8. Y] FLEKELE BELLOW !
9. ] BUTIER FLY VALVE |
10. = MANUAL AIR VENT | EL+0.5M ABOVE FROM RADIATOR/ENGINE TOP MOST POINT
11, 1 STRUCTURAL SUEPORT FROM GROUND
12. ;* PRESSURE RELIEF CAP FOR LT/HT EXPANSION TANK, PRESSURE RATIMGF 7 PSI
13. REMOTE RADITOR — FCW300 TO BE LOCATED 1M ABOVE FROM CROUMD & MAX. 10M DISTANCE AWAY FROM THE ENGINE
14, AIR COOLED FUEL COOLER TO BE LOCATED INSIDE THE DG ROOM & WEAR TO FRESH AIR INTAKE, MAX. DISTANCE FROM ENGINE=3M
15. QSK78—G3 3000 KvA DG SET
16. COOLANT SPECIFICATION — EG COMPLETE 50:50 PRIMIX
f AIR OUT
AIR VENT.
o
- CF @D
REDUCER L W AEDUCER - -
s Mav =EouCE LT
N T LT 100MB s5°C ‘00”535:[:\ S
. T IN
(70 DRAIN FOINT Dis 17 bt I g Ai/ /1?7}.

REDUCER T ;

TEEK IS .

e T e HT 150MB - B6.5'C 150NB al” A

ASK7T8-G9
3000 KVA DG SET

=
DRAIN FOINT D& 17 @ FED —
R ! . MAY 'l OuTe
FE Y HT 150MB TOTAL=2233 LPM FLOW RATE 93 C 15ONE T
=4 (RESTRICTION 0.48 Sar) DRAIN POINT DIa 1"H—a—
D ml/'
REDUCER I

125% 100 _ . 100NB =F‘}‘W ? Toaes < s !
7 J1 11 5 LT __100ME TOTAL—8S8 LPM FLOW RATE B5°C 5 - =

EL. +1.0M ABOVE FFL. i (RESTRICTION 0.35 Bar) - I DRAIN PGINT DIA 17 e I 1 - -
REMOTE RADIATOR
FCwW-300 SONE
- 37 LPM FLOW RATE
@ " >~
580 LTR u
DAY TANK
SONB FUEL MAKE-UF LINE

S50ME
.
v -t
EL +0.3M ABOVE FROM DG FOUNDATION FINISHED LVL.

DAY TANK DVERFLOW

FUEL CODLER
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Cooling Pipe Diameter Selection

Cooling system piping selection for QSK78 GS DG set - NMDC Project
Date : 15.03.17

1 LT Circuit ( Pipe Size 100 NB)

Unit Pressure | Total Pressure
5r Mo Pressure loss description Quantity Unit drop Bar drop Bar Remark
Kindly confirm radiator pressure

1 Remote Radiator LT Circuit 1 No 0.1 0.1 drop whithin 0.1 bar (1mWC)

2 Straigh Piping Pressure Loss-with pipe size 100NB 14 | 0.004285714 0.060

3 90 Deg Bends 10 No 0.01 0.1

4 B/F Valve il Mo 0.008 0.032

5 Flexible Bellows 2 No 0.002 0.004

& Vertical Head 1 M 0 0

7 Design margin | 0.0444

Engine permissible
limit as per as per
engine data sheet is

Total Estimated Pressure drop Bar Bar 0.3404 0.35 Bar
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Cooling System Expansion Tank Capacity Calculations

HT-Total Tank Volume For different Types of Tanks | | HT-Total Volume
Viotal= K Vsystem | Den. Cold Temp./ Dens.High Temp.)- 1] |
Total volume of the HT-open tank of 50%water& Glycol 1921
Viotal= KVsystem| ( Den. Cold Temp. Dens High Temp.)- 1 ]/[ 1 - { Pinitial/Pmax | |
Total volume of the HT- Diaphragm tank of 50%water& Glycol 252.5
Vitotal= K Vsystem ( Den. Cold Temp./ Dens.High Temp.) - 1 /[ { Patme / Pinitial) - { Patmao’ Pmax) | |
Total volume of the HT-closed tank of 50%water& Glycol 261.0
LT-Total Tank Volume For different Types of Tanks LT-Total Volume
Viotal= K Vsystem ( Den. Cold Temp./ Dens.High Temp.} - 1] |
Total volume of the open tank of 50%water& Glycol T0.2
Viotal= KVsystem| ( Den. Cold Temp./ Dens.High Temp.)- 1 ]/[ 1 - ( Pinitial/Pmax | |
Total volume of the Diaphragm tank of 50%water& Glycol 92.3
Viotal= K Vsystem ( Den. Cold Temp./ Dens.High Temp.) - 1 ]/[ { Patmo / Pinitial) - { Patmo’ Pmax) | |
Total volume of the closed tank of 50%water& Glycol 95.4

Tank selection table

Tank Capacity by System Expansion Volume Calculation (Lit) Circuit SEIEC;?:'(E?':_?E'W of
HT Circuit
192.1 Tank 200
LT Circuit
70.2 Tank 100
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Cooling System Expansion Tan

FILUNG Can
NS FLANGE
TRONEFASAIS0 %
— 250 o0
@ v\‘\
§
&
: 3
st
g ® ®
142 DRAIN WALVE
g‘g (TEMP RENGE 1007 ©)
17 BSP. =
THRD. ey 580

FLANMGE ZMos

DETAIL OF "X"

S5 Enciosurs - Flame Proof

Cabhe Glond —

LEVEL SWITCH DIMENSION DETAILS

212 THRU HOLES
2ZNos WITH M10XZ0LONG
HEX.SCREW

o/ SURFACE MACHINED

M1OX 1. SmmTHREU
THREAD

WS FLewcE sous
SLANKING FLANGE NOTES:—
1) ALL DIMEMSIONS ARE IN MM UNLESS OTHERWISE SPECIFIED.
2% ALL FLAMGES ARE DRILLED AS PER ASA #150 TABLE.
3 3) PLATE AS PER IS: 2062
4) INSIDE EFOXY PRIMER & OUTSIDE EPOXY PRIMER + ONAN GREEM
220
FIMNISH PAINT (TwWO COATS).
g & = wo A 2 @ 5) SHELL PLATE THICKNESS — 3
— AtwT LR ) s Ss — rmm,
DETAL & !
@mpefle’  TF __}'Q 68) all MNOZZLES ARE MADE FROM ERW PIPES.
r = i “,:)I 7 TAMK IMSIDE IS THOROUGHLY CLEANED.
@
o] & [ ) B 8) DESIGN TEMPERATURE=120°C
750
‘\lsu:_b@
120
N8 20 COMPENSATION LIME  [DETAIL MB [15ME WITH BUIND FLaMGH 1
N7 19 PRESSURE CAP AUTO AR VENT 10 psi 1
. 18 RUBEER GABKET | OD180 x2 THK 1
= 5 e e was s | Teeoe) N6 17 BLIND FLANGE QD190 x 16 THK 1
16 FLAMGE OD190 0« 1090 x 16 THK 1
14 FIFE 80 MNEB = 130 Lg 1
—f- N5| 13 LEVEL INDICATOR | 15 NB TRANSPAREMT TUBE | 1
IR S N4 12 LEVEL SWITCH SHREEDHAN MAKE 2
P et SeEws D4 93 NG TYPE
20 N3 11 VENT CONMNCTION | DETAIL=X" 1
{_| T T ] N2 10 DRAIM PLUG M B.5.5. THAD. ]
L L 2 FLANGE CD152 x 1064 % 18 THIK 1
! A —— Ni— PIPE 50 MNE % 100 Lg 1
7 TOP PLATE 300 x 750 x ATHK 1
o, aF v L T :
»” tE] = > = P J X 73 o2
DETAIL OF "A 2 SO x 750 % 3T =
3 560 x 750x 3THK 1
2 BOTTOM PLATE 750 x 650 % 3THK 1
V= 1 ISMC 75 6500 E
*Qé q P.NO DESCRIPTION SIZE/LENGTH Qary. REMARKS
'\\_ 13 W RHORT RS BEWY ( THREET)
BLING FLANGE—__ o
[ E | TAPPING CHANGED FAOM M12 TO ME
FLANGE N8 | COMPENSATION LINE 15NE O | COMPENSATION LINE ADDED
m
= N7 | AUTO AR WVENT PRESSURE cap — C | PAW 7 PSI DETAILS ADDED
DETAIL OF N8 NE | FILLING THRD. caPR BONB f —— C'""'J'rCH DETAILS ADGED
AST-158L
NS | LEVEL INDICATOR 1:"\'"‘. REW, MODIFICATION DaTE | MADE |CHKD | asPvn
N4 | LEVEL SWITCH DETALY" S ymmins e = STANDARD
N3 | WENT CONM. DETAIL™x" 3 TILE = = o ~
(L) PRESSURE RELIEF VALVE 7 psi < . '!_1_u_1rua |Ltd| . COOLING SYSTEM EX[PANSIOMN TANK
Nz | DRAIN PLUG 1"B.S.P. ower Gereratlon Business Un 200 LTRS. CAPACITY
(Z) 2mmTHK. GASKET ‘ N = FAGE
: B N1 | QUTLET CONN. S0 NB . oRG. NO.:=  CILESBASTDVH\1 780 | | 10F 1
(@) MS/PLATE 115X60X20mmTHIK. !
sk, | PART NAME SIZE 1511 SOCMERI 15 A SOLE PRDREST [ — p—




Radiator Selection Guide- Primary circuit

Design Ambient Temp deg Cent

| 45 A5 45 45 45 45
Engina Model | KTA-38 KTA-50-G3 KTA-50GE-I QAsSK5S0G10 QsKe0Ga QsKa0GE
o t Rati H 1800 (HE
sneet TENNE T | Datails 1010 (PRP) 1250 (PRP) 1500 (PRP] (HE) 2000[FRP) 2500 [(ESP)
kwa (PRP)
Radiator Selection Parametears- Primary
Coolant spcification CAL (DCAZ) (WMincing: ratio of L:15 with EG Compleat S0:50
recomimend guality water)
Primary Circuit Permissible Pressure Drop- KPa 20 20 20 20 20
Desi b - D> c t. 120 120 120 120 120
LTA S=ign TempT Ues ben ! 1P2L System,
Make-up JExpansion Tank Capacity in lits | 10W0 F7S KWW heat 100 125 125 125
LTA OUT from Engine Temp Deg C 9.3 load is Fr.l F3.38 TT. 75 81
LTA IMN to Engine Temp Deg C 62 common for 62 a2 &1.8 62
LTA Coolant flow rate | Ips) (=% LTA & HTA [ = 6.9 &9
Heat Load - KW | 170 378 3949 455 545
Moise @ 10 m distance -dBMA | TS ] T> T > =l
CAC (DCA2) (Mixing ratic of L:15 with
Coolant specification . EG Complcat S0:50
recommended guality water)
Primmary Circuit Permissible Pressure Drop- KPa | 20 20 | 20 20 ] 2
Design Temp- Deg Cent. 120 120 120 120 120 120
HTA Make-up JfExpansion Tank Capacity In lits 100 100 100 125 AZS 1Z5
HT Outlet from Engine Temp Deg C. a3 Fr.=24 a3z o3 L= 93
HT IM to Engine Teamp Deg C. BE.41 JF0 87.9 87.61 88 B6.80
HT Coolant Flow Rate (lps) | i7.7 25.2 | 25.2 265.25 24 24
Heat Load - Im KW 2490 Fis 536 Sg2> S0 &20
Remaota Radiator
- Design Bar (g) (3 G [ G =1 &
Pressure-
Remote Radiator B =) 21 a1 21 21 21 21
- Test Pressure- = L
Selected R ote Radiat Model [Coil Co ko i Pri |
seted e acEtor el [Coil Company make) in Primary FCW100 FCW120 FCW 140 FCW180 FCW 200 FOW 220
Coaoling Circuit.
Configuration LT+HT Common LT+HT LT+HT LT+HT LT+HT
Selectad Fuesl Cooler Maodel [Coill Company make)in Primary
A A ny A FCS36HAS FCS36HAE FCS36HAS
Coaling circuit
Fusl cooler Heat
AT TR =N Ll PN o L as
Load | / A ¥
Fuel Flow Rate  |LEM ™A Y Ny A 15 3z




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,

= |solation 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.



Radiator Selection Guide- Secondary circuit

Design Ambient Temp deg Cent 45 A5 a5 as A5 As
Engine Madel KTA-38 KTA-50-G3 KTA-50:G8-1 QSKSGLD QOSKeDGS QsSKs0GE
e et Rati i 1800 (HE
s MEW | e ails 1010 (PRP) 1250 (PRF) 1500 (PRP] (HE) 2000({PRP) 2500 (ESP)
LY | (PRP)
Delta T B0.2 125 i14.8 2.3 2.11 o9.29
PHE Model LTA GXOoa4X39 GMOAX3I9 GX0o4aAX39 GC-26¥44 GC-26¥44 GC-26¥X44
PHE Model- HT GC26X26 GC26X26 GLCZ2BX26 GC2EXZ26 GC26X26 GC26X26B
PHE Model- Fuel 1 VTN (TP rey T Py GCO008X32 SC-OEXI2 GC-00E8x3I 2
Delta P Cold side
(kP& - LTA+HT |[kPA 1 109 109 109 125 125 125
Delita P HOT sids
(kPA ) LTA kPA 1 15 ais is =] & =]
Delita P HOT sid=
{(KFPA D HT KFA 1 50 50 50 S50 S50 50
Radiator Selaction Parameters- Secandary
Design Ambient
Tamp deg Cent 1 A5 a5 45 A5 A5 45
Coolant specification Potable water
Secondary Circuit Permissibla Pressure DOrop- KP's L | L= ] SO S50
Design Temp- Deg Cent. 1 120 120 120 120
Secondary WMake-up Tank Capacity in lits for top-up S00 00 00 =0
Cirouit Raw Water In Temp deg C 56.12 56.23 65.97 67.72
Rawe Watar out Temp deg C S8 52 52 582
Coolimng water flow rate (lps) | 15 28 .6 2863 28_632
Heat Load - KW' 510 2986 955 1165
Remote Radiator
- Design Bar (g} (=3 1= = =3
R — Mot applicable Mot applicable
Remote Radiator
- Test Pressure- Bar (el 21 21 21 21
Selected Remote Radiator Maodel [(Coil company Make) FCWS 120 FCW240 FCOW240 FCW 2680
Estimated |
Cooling water m (to be calculated as per site lawout scheme 24 a4 aa a4

pump head
selection

reqgquirement)




Considerations for Cooling tower in Secondary Circuit

= Cooling water consumption at cooling tower will Water Propert
be about 1.6% to 2.0% of water circulation flow LT FTOpErEs
rate across cooling tower. ardness 2= Car0a 170 ppm max

= Make up water quality parameters to be , FETE D00
maintained as pH - Raw water-Engine water
per guideline, Chiorides 4 ppm max

= If cooling water properties are beyond limits, it TDS 400 ppm miax
may result in, Suiphates 100 ppm max

- Scale formation in PHE,
- Overheating of engine may lead to

tripping,
- Corrosion
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Cooling Tower Selection Guide- Secondary circuit

Design Ambient Temp deg Cent a5 a5 A5 as as a5
Engine Model KTA-38 KTA-50-G3 KTA-50G8-1 QSK50G10 O5KeDGd QsKe0Ga
G t Rati i 1300 (HE
enset RatingIn | hetails 1010 (PRP) 1250 (PRP) 1500 (PRP) (HE) ZUOD(PRP) 2500 (ESP)
kWA {PRP]
Delta T 2.2 1r.5 14.8 8.3 2.11 9.89
PHE Selection Parameters
PHE - 1D ti
perstifg par (2) 10 10 10 10 10 10
Pressura-
PHE - Design Bar (g) 13 13 13 13 13 13
Pressure-
PHE - Test Bar (g) 16 16 16 16 16 16
Pressure-
PHE Muodeal LTA GXNO4AM39 GX0axX39 GXOAX 32D GC-26M4a44 GIC-26M94 GIC-26M44
PHE Modal- HT GC2eM26 GC26X26 GC26X26 GC2eX26 GC26X26 GC26X26
PHE Maoadel- Fuel MNSA MSA MSA GC-008M3I2 GIC-008X 32 GC-D08M3I2
Codoling Tower Selection Parameters- Secondary
Deasign Temp
deg Cont (WET) 28 28 28 28 28 28
Coolant specificaticn Potable water
Secondary Circuit Permissible Pressure Drop-
Kpa (LT&+HT PHES)
Secondary 109 109 109 125 125 125
Circuit Faw Water In Tamp deag C. 32 32 32 E 22 £y
Raw Water out Temp deg C. 40.2 4.5 46.8 40.3 A40.11 141.89
Cooling water Flow Rate (lps) 15 15 15 28.61 28.61 28.61
Heat Load - KW 510 775 914 986 955 1165
Estimated
Cocoli t be calculated ite | t sch
cling water I'I'Iﬁtl? e calculated as per site layou eme 24 24 24 24 24 24
pump head requirerment)
selection
Equivalent TR -
145 221 260 281 272 332

estimatead




Cooling Tower Selection Guide- Secondary circuit

Secondary cooling circuit:
b} For CPCB-Il Product Range.

Remote Radiator in Secondary cooling circuit. (Design ambient 45 Deg C)

M
W LTA/cA | | Total Raw Raw Raw Refi'::d
KW A Heat C Heat Heat Wate water water
Model . HR | _ model
rating Load Load KW) Load r flow in Out Secondar
(KW) (KW) (KW) (LPM) | Temp | temp ondary
Circuit
KTA3BEG12 750/810 Current PHE is designed for Cooling Tower Only. Egplica ble.
KTAALD
SO0 210 120 M S A 330 505 55 &4.34 FCW 90
GE10/G11 /
QOsSK19 600/640/ . )
203 172 M A 375 505 55 65.6 FCW 100
GG,/ a7 650 /
QOQsN14 G3 365/380 226.3 128 3.4 I57.7 555 55 6424 FCW 100

MNote: Remote Radiator for KTTA19, QSK19 and QSN14 in Primary circuit are not applicable due to

charge air coolers (CAC) option.



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 DBAat @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.



Remote Radiator in Primary and in Secondary are different

Remote radiator for Primary circuit

e N

1T ) P —

oy RN ]
".
u-'“‘-— s X :

= l","/".‘.']
s . ’
Remote radiator for Secondary circuit
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7. Ventilation System




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,




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.
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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 | B E
of water column) including intake louvers & F N \ {
hot air outlet louvers. e :

*  Ventilation air flow is critical to get optimum
cooling system performance




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

Engine room ventilation can be estimated by the foll  owing
formulas :

V (cfm) =

H
0070x0.24x A T

+ Engine Combustion Air

or

V (m/fmin) =

H

1.099x0017x A T
V = Ventilating air (cfm) (m/min).
H = Heat radiation (Btu/min) (kW).
AT

+ Engine Combustion Air

Permissible temperature rise in engine room
() (C).

Density of air at 100P = 0.070 Ib/cu ft (1.099 kg/m). *
Specific heat of air = 0.24 btu/F°(0.017 kW/C)?

Assuming 38€ (100F) ambient air temperture.

Ref.C.7

Power
Generation

CIL/PGBU/ Air ventilation calculation/2500 kVA DG set
22m June 2016

VENTILATION AIR QUANTITY CALCULATION FOR 2500 KVA DG SET
DG set rating- 2500 KVA, Standby

Engine Model- QSK60-G8

Genset controller- PCC 3201

Cooling system- Remote radiator in primary cooling citcuit,

Enclosure- With acoustic enclosure
Alternator frame- LVSI804R

Customer- M/s. Tata Communication Limited
Site- Mumbai, India

Radiation heat load to ambient-

As per engine data sheet,
¢ From engine- 205.0 KW,
s From alternator- 85.0 KW
s Total (engine & alternator) -290.0 KW

Combustion intake air flow- 5515 CFM / 2.605 m3/s

Temperature rise consideration in acoustic enclosure-
Permissible temperature rise in acoustic enclosure over ambient temperature- 7 Deg. C

Formula for ventilation air quantity calculation in m3/minute-
H

2 -
Vm,/min = i 1 1
1095 x0.017 XA T Engine Combustion Air
Where,
V- Air volume in m3/min.
H- Radiation heat load to ambient from DG set
Delta T- Permissible temperature rise in Deg. C,
V = ((290/ (1.099 X 0.017 X 7)) + (2.605 X60)

2373 M3/Min.
= 39.56 m3/Sec = 83745 CFM

Conclusion-
Ventilation air quantity requirement for each 2500 KVA DG set- 83745 CFM
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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.




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

A6 Spacing Guidance

No Description DG set with DG set with Open DG set
Acoustic Acoustic in room.
Enclosure Enclosure in
in Open Covered
Area. Area.
1 Free space on both sides Mim. 1m Min. 1 Min. 2m
2 Free space at Radiator Min. 2m Min. 1m (No obstacle| Min. 1m (No
end (Radiator- - far hot air obstacle for hot
Hot air outlet front disbursement @ 2m) | air disbursement
discharge) @ 2m)
Free space at Radiator Min_ 1m Min. 1Tm (Ducting to | N/A
end (Radiator- - provide as applicable
Haot air outlet Top to avoid hot air
discharge) recirculation to inlet
air).
3 Free space at Altemator Min. 1.5m (No Min. 1.5m (No Min. 2m
side. obstacle for fresh | obstacle for fresh air | {considering
air suction) suction) altemator
hauling space
requirement}
4 Fresh air inlet effective N/A Effective open area Effective open
opening area -Min 1.5 times of the | area -Min 1.5
Radiator core area. times of the
Radiator core
area.
5 Hot air discharge effective | NVA Effective open area Effective open
opening area -Min 1 times of the area -Min 1
Radiator core area. times of the
Radiator core
area.
6 Distance between two sets | Min 1m between Min 1m between two | Min1.5m
two canopies. canopies. between two
foundations.




Ventilation system- Considerations

DG Set installation in building Basement-




Ventilation system- Considerations

DG Set installation in building Basement-

7 | z | ] [ 4 [ 5 I 6
ALL DIMENSIONS [N MILLIMETERES
@ % 3rd ANGLE PROJECTION 95200
136100 | 1261.00
j\l——m—-l u
=
B
-
Coil Details: Cu.Jubes/AuFins,Face Area; 108797.5 |
7 |Elect.Conn Box | 1 |Bect.Conn Box Motor Fan Defrost o
6 |{Fixing 8 [MS Angle-5/8" Hole KW 15 Dia. 710 Coi None
5 [Fan Gaurd & |Welded Plastic Coated Pole 4 Type Aoicl Tray None
4 | Drain Conn, 1|21/ RPM 1440 Make Wing Fan None
3 |outlet Conn. 3 |2 ¥ Copper Fipe with M5 BExt. || Make: Marathon/CG H
2 [Inlet Conn, 3 |2 & Copper Fipe with WS Edt. Technical Details
1 | Casing 1 |Gl Powder Coated Duty | Room Inlet Outlet Flow Rote | Medium Supply
Stor Conlers & Cond ot Lid KW | TempC | Temp’C | Temp.C
.|ﬁ-i #r r ET5 DNOENSErs . . 190 47 37 16 5.71L/Sec oW 5&0]4—20V 5PH SDHE
H-13 &Jrr]lﬂ-qhg-l-(?-ﬁ_Jflqum-"?ﬁﬂﬂi ol O 61612 Scale— 101 Job Noi— Quoted Customer Po. No
aros ndio el: - —
Tek—(0257) 2272779 Fax— (0257) 2272778 Drown:— SARIKA Drg No:— GA CIC 61612
email:— starcooler_jol@datoone.in Customer:— Wipro Project Date:—  13.08.2015  |Ne Of Unit— 01Mes. REV 0
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Installation Review: Ventilation

40°C

f"

Q

o
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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

H
0.070x0.24 xAT

V(cfm) =

+ Engine Combustion A

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

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

H
1.099x0.017xAT

v maf min =

+ Engine Combustion Ar

Where H is heat load in kW and A T in Degree Centigrade. Engine combustion in m3/min
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Ventilation Calculation- Tab

e 1in DG Inst Guide

Fuel piping | Lube oil ] DG set Heat | Ventilation air
Exh. Gas flow . Cooling L. Combusti .
. diameter ID system dissipation ] capacity
Rating (No. of bank Exhaust . system - . on Air ired
Model . for@10 M capacity . (Radiation . required at 10
(0.8 pf) Inkva X flow per Silencer ) Radiator fan ] requirem Deg AT
. length. (Including Engine eg
bank) nominal bore . flow ent
filters) +Alternator)
Inch / No. of
P - Prime, 5- Standby | No. x m?/sec bl K mm L m?fsec Kw m3/sec m3/sec
anks
QSK95-G4 3350 (P) 2X4.58 14/2 50 647.3 96.38 407 4.15 40.5
QSK78-G9 2750 (P) 2X3.60 14/2 50 466 58.75 325 3.22 32.2
QSK78-G9 2750 (P) - 40°C 2X3.60 14/2 50 466 33.20 325 3.22 32.2
QSK6&0-G3 2250 (P) - 40°C 2X3.16 14/2 50 400 46.70 290 2.6 28.5
QSKe0-G4 2000 (P) - 50°C 2x2.8 14/2 50 280/400 30.03 247 2.4 24.4
QSK50-G10 1790 (P) (HE) 2X2.56 12X2 50 235 RTF 223 2.01 21.9
KTA-50-G8-I 1500 (P) 2X2.22 10/2 25 177 28.40 202.8
1.74 19.8
KTA-50-G3 1250 (P) 2X2 10/2 25 177 27.35 194.8 1.74 19.1
KTA-38-G5 1010 (P) 2X1.53 10/2 25 145 19.99 172.52 1.21 16.6
KTA38-G12 810 (P) 2x1.24 8/2 25 155 27.07 107.8 1.069 10.7
KTA38-G12 750 (P) 2x1.17 8/2 25 155 27.07 105.56 1.024 10.4
QSK19-G7 640 (P) 1x1.96 10/1 N/A 84.4 12.93 101.4 0.775 0.8
QSK19-G6 600 (P) 1x1.86 10/1 N/A 84.4 12,93 100.12 0.742 9.7
KTAA19-G10 500 (P) 1x1.45 10/1 N/A 50 6.76 60 0.603 6.0
QSN14-G2 400 (P) 1x1.17 6/1 N/A 38.6 3.87 45.08 0.483 4.5
QSN14-G1 365 (P) 1x1.08 6/1 N/A 38.6 3.87 36.3 0.45 3.7
N/A - Not available TABLE No. 1
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8. DG Starting Battery Sizing




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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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.

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.
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Battery

Selection

Engine CCA Value for Starting Battery sizing and selection

Engine CCA Value for 5tarting Battery sizing and selection {Cont’d)

DG st KA Erqgiot Stasrtay Mo od L]
5¢. Mo Engine Moisl Rating rating PAR. Cokl sk Nemp @ )
Woltage bW

O®o 32 D F (- 13 10 0 Dag.C) LEXD

32 ETA3E-55 110 4 8 2 32 to 50 Dwg.F (010 10 Deg.0) 1330
50 Dag F & Abcrvs (10 Dug.C &

k] Lz

Do 32 Dwg.F[-13 10 0 Dayg.C] 1E0

EE] ETAS-5E3 125075800 4 ] 2 32 o 50 Do F (012 10 Dag.T) LEXD
50 Dag F & Abcve (10 Dug.C &

1 1330

Ora 32 D F [~ 13 13 0 Dag.C) 1EX0

34 ETASCGEI 1508 4 ] 1 32 nos 50 Do F (01 10 Dag T 1E30
S DagF R Ak (100w C B

1 130

35 OEEBO-GE0 13007 3000 4 1 Bl ees 32 D F [=12 130 Doing.C} 1830

Dea 32 DugF [-18 12 0 Deg.C) 2300

38 CEKE0-54 IO00; 3250 4 ] 2 32 8a 50 Dug F [0 1e 10 Dag O) 1830
80 Dag ¥ B Akcve (10 Dwg.C B

) 1830

Diea 32 DagF [-18 10 & Deg.C) 2330

a OEKE0-G3 1350 4 o058 2 32 80 50 Dug.F [01e 10 Dag.O) 1830

80 DepF & Alove (I0DwgCE L0

skcrew]
W QsTEG IS 000 L 1 082 32 DegF (- 1812 O Deg.C) Fhi=]
W Gdedds KIS H i 082 32 D P [- 18 10 8 Deg.£) 1430

S¢, Mo, Enging Medel u-s:“m E'm‘::rsr'“:: “'::_ Cold seak emp @ hufi‘:_m
Woltage bW

1| M1 ITAMGL 1.5 L1 |1z 1 A 1 638
2 X1 ATAAGL i} 1} ix i LTS 638
1 | HLITAAGL 18 Lo | e 1 | Pt | L]
4 X2 Frdl 30 i3 2 i 10 ko 32 Dwg.F (<13 to O Deg.C) A1 ]
5 | AL.ITE a5 | 1T [ F ] §0 8o 32 DwgF [-132 10 O Dag.C] | LED]

l KETTAA-GI 30 i I 2 i B0 ea 32 Deg.F (=12 1w O Dag.C) I 638
L | NEATAA-GI 15 | HE i ] | i 6o 32 DwgF [-13 to 0 Deg.C] B3
] M3 ETAS-GE 40 11 2 1 U1 eo 32 D F [-12 1 O D) I E50
¥ | A 0 | 1 | 2.3 t | 1080 32 Dwg.F [-12 10 0 Deyg.C) | 130
HY '“:3:1:;“.'- 6.5 i s i E0 50 32 D F [-12 100 Dag.C)] 550
i1 ABESTAA-0 i} i FX ] i 0 ko 32 Dug.F (=12 to O Dey.C) Tod
12 --IB!:'I-TM-E-I 2.5 | 11 [ .9 i [ §0eo 32 D F [-12 1 O D) [ o0
1 | COTARE 100 13 18 1 10 88 32 Dug.F [-12 15 0 Ding €} w50
13 | EB‘IE'?‘}‘- 125 l 11 [ 29 i [ 5088 32 D F (=12 15 0 Dag.C) [ 50
15 | Qsas.p-01 L& | 24 [ 25 ] 10 ko 32 Dwg.F (<12 to O Dey.C) 1 T30
18 i =i LR R LED 4 [ 25 ] [ 10 ko 32 Dwg.F [-13 to O Deg.C) [ Ti0
i R 751 LED b a.r ] ED0eo 12 Dwg F [-14 to O Deg.C)] b
i8 585 74513 200 4 a.r ] §0eo 32 Dag.F [~13 1 0 Dayg.C} TS50
18 | OisE 1615 FFLd l 24 I a7 i B0 B 32 Dag F (12 12 8 Day L) I £50
an LGN IW027S o4 L ] i 6o 32 Dwg.F [-13 1o O Deg.C] T
Hn L+ L B L] 3007320 4 9 i §0ea 32 Dag.F (13 1 O Dag.C} 50
n | ENLE-G1 B3 l M4 [ ] ] 10 ko 32 Dwg.F [-12 to O Dey L) | a0
13 CENLE-GT 400 4 7.5 i §0 6o 332 DwgF [-13 1o O Dag L] 0
24 NG 450 24 15 i B0 8a 32 D F (=12 13 0 D) feil
1% | KTAALR-GLD 00 24 ] ] 10k 32 Dwg.F [-12 10 0 Dag €| w00
26 | KTRALR-GIL 520 4 9 i §0 e 32 D F [-12 100 Dag.C] 00
7 l alEa] ety E08/EED 24 [ L] i 40 k2 32 Dag.F (=123 to O Dag.C) | il
18 Q-0 LF2 ) o L ] B0 o 32 DegF [-1d 100 Deg.C] w00
5 QEL-GT S50 700 4 H] i il ee 32 Dag.F [~13 12 O Dag.C] ke
1] | KTASE-GLO TeOrERD l 24 I L] | 10 ko 32 Dag.F [-13 to O Deg.C) I 1380
il ETARE-GLL 100500 4 9 2 §0 6o 32 DwgF [-13 10 O Deg.C] 1380

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>
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Battery Sizing

Battery Sizing tor QSK 60
Battery Sizing Calculations
Flywheel Ring gear teeth 142 nos
- - Mo. of pinion on starter 11 nos
T Engine. details: Breakaway torque of engine @ 30°F 1500 Lb-ft
1} Engine model T QSK-TE
21 Engine Ratin : 3500 HP
3) Maof cyl.na"irg 18 Breakaway torque of alternator 1050 Lb-ft
IT Starter Details: Total breakaway torque 2500 Lb-ft
1) Starter Roting T 895 KW
2) Starter Valn s 24y
S e 8 Breakaway torque to be overcome by starter ( A) 198 | Lb-ft
HT Cranking duration - 120 Sec. Cranking torgue of engine @ 30°F 900 Lb-ft
Colewlation of cranking curcent Cranking torque of alternator 630 Lb-ft
Crenking current = Starter motor power / voltage
Total cranking torgue 1530 Lb-ft
Fior this QSK-TE rargz of engine model, starter motor rating is 24V .95 KW,
Therafore Crorking current = 8.95 1000 ¢ 24 = 37252 amps Cranking torque to be overcome by starter (B ) 119 Lb-ft
Foctars o be considered: Average torque = (2°B+A) / 3 145 Lb-ft
Battery 0% state of charge, foctor = L3
From the starter curve required CCA (1) 2200 | Amps
Startar motar efficiency = 20 starts reguiremant = 2.1 |
Final cranking current reguirement = 37252 X 21X 13 = 1016 amps X X
The battery selected shall have a CCA equivalent to the cranking current
ITHEW'“ mat with FLT 100 Ah Settery as fts O0A is 1100 amps apprax requirement plus cater to the auxiliary load of 12Ah (3amps x 4 hrs)
After considering the oux load of 5 emps for 6 hrs, Additicnal Ah reguired is Sx &= 304h
Total Ah reguined s 100 +30 = 13041 Hence, the battery selected is Pulse Uliralite_-12V 160Ah -4 nos with a cranking
) current of 1650 amps each.
Batrery suggested (Meorest medel) = 1604R.
Reccmmended Offer < 24V, 160Ah X 3 Sets {6 batteries) In case of higher auxiliary load, 2 additional batteries are recommended.

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

Control Panel

= For Alt. Neutral
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Earthing Guideline

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

Control Panel

For Alt. Neutral
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Earthing Guideline
TYPES OF EARTHING

Different type of earthing stations Different type of earthing stations
A. Plate Type Earthing station B. Pipe Type Earthing station

CAST I0H COVER HINGED CEMENT CONCRETE— Cl COVER HINGED

CEMENT COMCRETE WITH Z&5T 1308 FRAME (1:4:8) TO C FRAME R LEVEL

geamy 7 o

FUMMEL WTH Qas

‘WREMESH H 30050 g
00K 6 :-_? Ha'n E - .
DIECORRECTIME LINK =, FLUNNEL ) 2
ol o
omPFg Gl FFE g 2
- [

——THARCOAL LAYER
—dmmAHOLE

ARCMA ,—-_
- EELT LATER CHARCOAL LAYER

12mm.eHCOLE

|- ALTERKATE LAYER
<" OF CHARCOAL OW
CORE AKD AT

v Gl WATERING PIPE
m—SALT LAYER

55 a8 MM —
U, ETHPS

ALTERNATE LAYER
OF CHaRCOaL OR
COKE AND SALT

800 ¥ 80O ¥ 3%emm
G, PLATE 3

2500 MIN.

ga0sG. FLATE

3447 8 0] NUT BOLT
STH Lok WaSHER

AS PER 153043

1030

EARTHING FIT DETAILS
COFFER FLATE EARTHING
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Earthing Guideline

TYPES OF EARTHING

Different type of earthing stations
C. Chemical Earthing Section

Sleeve 50MM @l §
\7 -

Jown Condutor

GI Fl

Cemg%{-i .. !

Cong

3000

A

Charge Dessipatic

ack Fill Compoui
Mix with Soil

AT Inner Pipe 40mm

-/'
.
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Mobile Generator Earthing

Annexure 1

Guideline for Earthing of Portable/Mobile Generator — (Ref : 15: 3043 — 1987)

Where a supply is taken from a mobile generator, the following recommendations shall apply:

* The generator neutral should be connected to the vehicle chassis.

* The earth terminal at each outlet on the generator vehicle should be connected separately to
the alternator neutral where the latter is bonded to the vehicle chassis.

c) If Mobile DG set is in Stationary location, the earthing of the local control panel available at site
should be used. Where an electricity board protective earth terminal or exposed structural
metalwork is present, it should be connected to the earthing conductor on the mobile

generator. In case there is no such provision then alternatively gel/spike earthing can be done

in the ground.

Cummins | 115



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 abovel50V 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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Impediments to effective equipment grounding

» 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
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10. Understanding Noise of DG sets




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 1IS8528-10,
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What are the Noise Norms?

Table 1.1: Standards of Noise Levels under EPA (1986): Noise Pollution
(Regulation & Control) Rules, 2000

Limits in dB(A) L.,
Area Code Category of Area
Day time Night time
A Industrial area 75 70
B Commercial area 65 55
C Residential Area 55 45
D Silence Zone 50 40

Note:

1. Day time is reckoned in between 6 A.M and 10 P.M.

2. Night time is reckoned in between 10 P.M and 6 A.M.

3. Silence zone is referred as areas up to 100 meters around such premises as hospitals, courts,
educational institutions and courts. The Silence zones are to be declared by the Competent
Authority.

4. Use of vehicular horns, loudspeakers and bursting of crackers shall be banned in these zones.

5. Mixed categories of areas should be declared as one of the four above mentioned categories by

the Competent Authority and the corresponding standards shall apply.

il

"y

MAHARASHTRA POLLUTION CONTROL BOARD
Kalpataru Point, 3rd Floor, Sion (East), Mumbai-400011

Website: www.mpcb.gov.in
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Sound data

C3000 D5e
50 Hz

Noise - Source

What are the noises which we need to be
aware of

1. Engine Mechanical Noise — Pressure

2. Exhaust Sound- Octave Band  __

Sound pressure level, dB{A)
See Motes 1-0 listed below

Pl

L~

Exhaust

Measurement location number
average as per 150 3744 @ im

Confguration Sound S0Und pressure Sound pressure dB{A) @
dB{A) & 75% load dB[A) {3 100% load 110% load (Standoy) EN
EM IS0 3744 [Prime) EM IS0 3744 150 3744
—unhoused Infnke 100.0 100.3 101.3
Sound power level, dB(A)
See Motes 2-4, T and 8 listed below
Octawe Band Center Frequency (Hz)
Sound power leval Sound power leval Sound power leved
Configuration Exhaust achieyed, achieved, achiaved,
75% dBA) 100% dB{A) 110% d5(A)
Standan —unhous2d InSinke 1212 122.1 1225

Exhaust sound power level, dB(A)

open set at operating point - 1m @ 110% load (ISO 8528-10)
Ses Motes 2 and 9 listed below

; Crwerall
Open exhaust Octave band center frequency (Hz) sound
(no muffler rated power level
load a2 63 125 2350 500 1000 | 2000 | 4000 | BOOO | 16000
456 | 773 | E5S 505 587 | 1005 | 987 923 | 8.5 75 104.8
Hiole:

[ L L

Sound levels are subject o Instrumentation, mezsurement, Instailation and manutacturing vanabilty.
Data basad on full rated load. Sound data with remwte-cooled generstor sets are based on rated oads without cooling fan noise
Sopund data for generator set with Infinite exhaust do not Incude exhaust nolss.

Sound pressure levels are measwed per ANS| 21,13 and ANSI $12.18, as applicabie,
Feaference sound pressure |5 20 pPa.
Sound power levels per 150 3744 and 10 8528-10, a5 applcable.
Feaference power = 1 pw [10-12W)
Exhaust sound power levels are per 150 5728, as applicable.
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Sound Attenuation

= Power
6 Generation

|

www.cumminspower.con

1. Engine Mechanical Noise — Pressure

2. Exhaust Sound- Octave Band



Generator Set Sound Contributors

» Un-silenced engine exhaust

« 120-130 dB(A) @ 1m
» Radiator cooling fan

« 100-110 dB(A) @ 1m
= Engine

* 100 -105dB(A) @ 1m
= Alternator

« 80-90dB(A) @ 1m

140

120

100

80

60

40

20

Pneumatic Riveter

Chain Saw

Power Lawn Mower

Vacuum Cleaner at 5 feet

Typical Office
Library / Quiet Residential Area

Broadcast Studio
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The Sum of Sound Sources

Adding decibels

When the numerical Add this dB(A) to the
difference in dB(A) higher of the two noise
between two noise levels levels for a total:
IS:
0 3.0
: 0.1-0.9 2.5
100 dB(A) 100 dB(A) 1.0-24 2.0
24-4.0 1.5
1-6. 1.
= 103 dB(A) 4.1-60 0
6.1 —-10 0.5
>10 0
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Installation Considerations

= Limits are almost always based on sound pressure at
the property line.

= Location is the single greatest ally or enemy

= |ncrease 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
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Common Specification Pitfalls

Generator set shall include critical grade mulffler.
« 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.
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Specification Pitfalls: Muffler Grades

95 dB(A)
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Specification Pitfalls: Muffler Grades

“Industrial-
Grade” Muffler ~ Exhaust: 79 dB(A) § 08 UB(A)
[15 dB(A)]
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Specification Pitfalls: Muffler Grades

“Critical-Grade”
Muffler [30 Exhaust: 64 dB(A) 4 87 dB(A)
dB(A)]
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Testing Considerations

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?
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Testing with Ambient Noise

Adding decibels

\
\

- uml Y=

L £ When the numerical Add this dB(A) to the
L . ! difference in dB(A) higher of the two noise
-- ~ 5 between twp noise levels levels for a total:
[ECR B IS:
L Ll 0 3.0
EET 0.1-0.9 2.5

1.0-2.4 2.0

3 24-4.0 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.



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

attenuators :Caution-Single/Multiple DG sets( diff 7-8dBA)

. . Flexible bellows
Primary silencer

Inlet attenuator

Secondary silencer

P, Foundation should be
100 mm thick, level
and flat; allow for fuel
lines and cables

Outlet air attenuator
Rubber in shear mounts

A sealant compound between

enclosure and foundations is All linth width t I

recommended to stop ingress of D:M pin b Wém © c:rer ap

water and noise breakout enclosure by mm to
1000 mm all around
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Reduction in Sound over Distance-

Typical 9 meters Boundary- 10 dBA

Distance (m)
i1 3 5 7 10 15 20 30 40 50 60 70 80 90 100
I T T T R N N R R N

35 || Single DG —
75 DBA
= 30
E 25- Multiple
c R
5 20- 82 to 83 dBA
ﬁ
= 15—
c
£ 10-
= £
0

Figure 7: Reduction of sound over distance
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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

Cummins | 134



11. Understanding Vibrations of DG sets




Understand Vibrations

Content
1. Where to measure the vibrations.
2. Measurement values as per standards

3. Format for measurement.
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Duration 15 minutes

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

a) Generating set driven by a vertical in-line engine b) Generating set driven by a vertical in-line engine
with flange housing coupled generator with integral and a generator with pedestal bearings
bearings
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Vibrations

= Cummins DG sets have built in anti — vibration pads. These AVMs isolates engine vibrations
transferred to foundation. Vibration limits and measurement should Meet 1ISO8528 part 9.

= Measurement locations- refer sketch below (above page)

o o L] o —
Vibration Limits as per IS 8528-9 refer table below g
=X
5
124
i
Declared >
engine Rated power autput of the Vibration displacement), s, Vibration velocity, V... Vibration acceleration'), El
speed generating set 4
RIC ) RIC RIC H
= ) 2 2) @
fcos p = 0,8) enging 2 3 Generator engine 213 Generator sngine 23 Generator =
value 1 value 2 value 2 value 1 value 2 2
min—? VA KW mm mm mm m/s? mjs? m/s? &
<18 <12 P
{1-cylinder (1-cylinder —_ 1.11 1,27 — 44 50 T
= 2 000 but engine} enginel =
< 3 600 =4
< 50 < 40 —_ 0.8 0.95 — 50 60 — 31 38 ‘e g
> 50 > 40 —_ 0,64 4 0,849 — 40 4 504 - 25 4 31 M g g
o
<10 <8 — — — - - - - - — 28

S
=10but ) g but < 40 — 0,64 — — 40 — — 25 — a<
= 50 » o
o =
= 1 300 but > 50 but > 40 but . _ _ ]
<2 000 <178 < 100 0.4 0.48 25 30 16 19 o &
o ©
= 125 but > 100 but o

1

< 250 < 200 0,72 0.4 0,48 A5 25 30 28 16 Q9 2_) g
3
> 250 > 200 0.72 0,32 045 | 45 20 ZI | 28 13 18 § o
= 250 but = 200 but .
32 0,38 20 24 13 18 o2

> 720 but <1250 <1000 0 . e
<1300 s = 0,72 45 28 @
> 1250 > 1000 0,29 0.35 18 22 11 14 8
0,24 0,32 15 20 9,5 13 e
=720 > 1250 > 1000 0.72 ©,16) 5 10,24) % 48 (10} ® 115) = 8 €5 9 ©.5 9 S
- e
NOTE — The relationship between vibration velocity and vibration frequency 1s shown in figure C.1 =
-]
1) The values of s, and a,,, are determined from the following equations by using the values given in the table for v, .. ;
Sere = 0.0159 % v, o
By = 0,678 x v, g
2
2) In the case of flange housing coupled generating sets the values measured at point 5 [see figure 1 al] shall meet the values for generators g
3) The stated values for RIC engines are applicable for engines with power outputs of more than 100 kW. For smaller engines with power outputs below 100 kW, v lypical a
values exist. E.
4} These values are subject to agreement between the manufacturer and customer. g
5} The values given in parentheses are applied 10 generators mounted on sclid concrete foundations. In these cases the axial measurement tor points 7 and 81n figure 1 a) I
and b} shall be 60 % of the values given In parentheses. e
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Vibration Data Record Format

Vibration Messwrement Report

Erngirem Sr.Me. . Ho

Ergirabdcdel

Sr. Ko, Alt Frams

Mating

Elecirizal o in % to rebe cobzet -

¥
B
E
£
LN

| s | o] e e | e | |

Mot :

L- Direcion- LongRuedinal o crankshaft axis
- Direchion- Vertical

T- Direciion- Transverse bo crankshaft aos
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13. Understanding DG Power derate estimation




Program Objective

Understanding of deration

Engine

Alternator
Combined effect on DG Set.
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Point to discuss

Why Derate calculations are important?

What are the derate inputs required from GOEM)/customer to give the proper recommendations?
How to read the derate calculations ?

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

What is DG sizing?

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

N o 0o~ w DB

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.

Winding 311 0.8 Power Factor
RATINGS
Class - Temp Rise Cont. F - 105/40°C Cont. H - 125/40°C Standby - 150/40°C Standby - 163/27°C

5 0 Series Star (V)] 380 400 415 440 | 380 400 415 440 | 380 400 415 440 | 380 400 415 440

Parallel Star (V)] 190 200 208 220 180 200 208 220 190 200 208 220 190 200 208 220

Hz

Series Delta (V)] 220 230 240 254 220 230 240 254 220 230 240 254 | 220 230 240 254

kVA] 450 495 450 450 ) 500 550 500 500 ) 515 575 515 515 | 550 590 550 530

kw| 360 396 360 360 | 400 440 400 400 | 412 460 412 412 | 440 472 440 424

Efficiency (%)] 94.8 947 950 951 ] 945 943 948 949|944 941 947 949|941 940 945 9438

kW Input] 380 418 379 379 | 423 467 422 421 436 489 435 434 | 468 502 466 447 Cummins | 144




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

c What is Power
Toh now to Output & Qty. Rating Application For proper
BRI e tender requirement Alternator selection
are serving A -
\ I \ Alt}malor \
N DG kVE ti N ‘f t v Sit | It\" T \t A ifi
Name of |Name of . rating O'C_' SEts Prime/Standby/Continuous Site Ambient : ‘_! nsuiation ?mpra ure Ay ?pam €
Sr. No. Requirement at |required . Altitude as |1ph/3ph |50Hz/60Hz |class Rise requirement as per
Customer |OEM . . /DCC Rating Temp. as per tender . .
Site as per tender|at site per tender requirement |requirement [tender
Minimum IMaximum P

Tender requirement for
temp. & altitude.
Always mention min. & Incase any tender requirement
max. temp (if mentioned on tender) of PMG/HT frames /Paralleling
to check whether

the genset validation done on it or not.
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CGT standard Guideline for Temperature Rise

Rating - 415V, 3 phase, 50 Hz, 4-pole, 1500 rpm, 0.8 p.f. lag , Altitude up to 1000 mtr above m.s.l, IP-23 protection, 51 duty, IC01 cooling.

Alternator General Rating Chart for Industrial Application

Class Hto H Class Hto F Class Hto B | Class Hto B

s Ambient | ClassHtoH | ClassHto H | , Ambient | ClassHtoF | ClassHtoF , Ambient , Ambient | ClassHto B

40 degree , Ambient , Ambient 40 degree , Ambient , Ambient 40 degree 45 degree , Ambient
FRAME C 45 degree C | 50 degree C C 45 degree C | 50 degree C C C 50 degree C
PID4D 7.5 7.2 7 6.8 6.5 6.3 b 5.7 5.5
PIOAE 10 9.7 9.4 9.1 5.8 8.5 8 7.7 7.4
PIDAF 125 12.1 11.7 11.4 11 10.6 10 9.6 9.2
PIDAG 15 14.5 14.1 13.7 13.2 12.8 12 11.5 11.1
PIO4H 17.5 16.9 16.4 16 15.4 14.9 14 13.4 12.9
PI14D 20 19.4 18.8 18.2 17.6 17 16 15.4 14.8
PI14E 25 24.2 23.5 22.8 22 21.3 20 19.2 18.5
PI14F 27.5 26.6 25.8 25 24.1 233 22 21.1 20.3
PI14G 30 29.1 28.2 27.5 26.6 25.7 24 23.1 22.2
PI14H 35 33.9 329 32 30.9 299 28 26.9 259
Pi14) 40 38.8 37.6 36.5 35.3 34.1 32 30.8 29.6
PI114K 42.5 41.2 39.9 37.5 36.2 34.9 329 31.6 30.3
uci224cC 40 38.8 376 35.2 34 32.8 31 29.8 28.6
UcCi224D 50 48.5 a7 45 43.5 42 40 38.5 37
UCI224E 60 58.2 56.4 53 51.2 49.4 a7 45.2 43.4
UCi224v 63 61.1 59.2 56.7 54.8 529 49.1 47.2 453
UCI224F 70 67.9 65.8 61.6 59.7 57.9 53 51.9 498
ucCiz224G 82.5 20 J7.5 72.6 70.3 67.8 66 63.5 b1
UcCi274C 100 a7 954 84 81 78 75 72 69
ucCi2z7ap 110 106.7 103.4 96.4 93.1 89.8 86 83.4 80.2
UCI274V 125 121.2 117.5 110 106.2 102.5 96 93.1 90
UCIZ74E 140 135.8 131.6 125 120.8 116.6 112.5 108.3 104.1
UCIi274F 160 155.2 150.4 145 140.2 135.4 126 121.2 116.4
UCIi274G 180 174.6 169.2 162 157.3 151.9 140 135.8 130.6
UCIZ74H 200 194 188 182 176 170 158 152 146
UCD274) 230 223.1 216.2 210 203.1 196.2 180 173.1 166.2
UCD274K 250 242.5 235 229 221.5 214 200 192.5 185
HC144C 250 242.5 235 230 2225 215 200 192.5 185
HC144D 300 291 282 280 271 262 240 231 222

Cummins

146




Class Hto H Class Hto F - ClassHto B | Class Hto B

, Ambient Class HtoH | Class Hto H . Ambient ClassHtoF | ClassHto F , Aimbient , Ambient Class Hto B

40 degree . Ambient , Ambient 40 degree , Ambient . Ambient 40 degree 45 degree , Ambient
FRAME C 45 degree C | 50 degree C C 45 degree C | 50 degree C C C 50 degree C
HCI44E 350 339.5 329 320 309.5 299 275 264.5 254
HC144F 380 368.6 357.2 349.6 339 328.6 300 291 281.2
HCI54C 455 441.3 427.7 400 386.3 372.7 350 336.3 322.7
HCIS4D S00 485 470 450 435 420 390 375 360
HCIS4E 00 582 5G4 550 532 514 480 462 444
HCI5AF &70 B419.9 629.8 620 599.9 2/9.8 540 519.9 4599 .8

ClassHto H Class Hto F Class Hto B | Class Hto B

, Ambient ClassHtoH | ClassHto H , Ambient ClassHto F | ClassHto F , Ambient . Ambient ClassHto B

40 degree , Ambient , Ambient 40 degree , Ambient , Ambient 40 degree 45 degree , Ambient
FRAME C A5 degree C | 50 degree C C 45 degree C | 50 degree C C C 50 degree C
HCIe4W 750 7275 705 683 660.5 638 575 557.6 540
HCle4W 200 776 752 750 726 702 640 616 592
HCl64Y 1050 1018.5 Q87 956 924.5 293 205 7B0.8 756
HCI64.2 1250 12125 1175 1138 1100.5 1063 962 933 S00
PI74B 1400 1358 1316 1305 1263 1221 1205 1163 1121
PI7AC 1550 1503.5 1457 1445 1398.5 1352 1335 1288.5 1242
PI7AE 1900 1843 1786 1770 1713 1656 1635 1578 1521
PI74F 2080 2017.6 1955.2 1935 1872.6 1810.2 1790 1727.6 1665.2
PI74G 2200 2134 2068 2050 1984 1918 1895 1829 1763

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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Sam p | e Derate Cal cu | atiO ns Recommended engine model & kVA As per given inputs

rating rating Application
as per final power output

—_—
DG set power output calculation /
Engine Model - QSB5.9- Power & %derate
Cooing systom SR (as per site conditions)
Cooling system -
Dated 05.02.2019 / for mentioned
Prime Rating 4 engine model as per
Description uom ___—Remarks .
A. Engine derate calculation. R B engine datasheet.
I |Prime (Prime Power BHP) EHP 184.0 «— | —
Deration for Engine - AT 1000m/ MSL, ambient temp 50Deg C  |[% 0.7% <4—
! |Net Power after deration BHP 183
i [Fan BHP 10.05 . .
I |Charging Alternator BHP 1.47 Englne power In kwm
» |Nett power at fly whee BHP 171 e considering fan power,
i (Conversion factor {1 BHP = 0.746 kW) 0.748 - —
" |Engine power after deration kW(m) 128 «— battery Charger power &
| |B. Alternator derate calculation net power
I |Alternator rating at 50degC 1000m altitude, Class H temp. rise |KVA 140.0 Alternator Frame Stamford UCI279E_
Alternator Rating for Winding temp. Rise requirement class
— (186/125M508) KVA 140.0\#M4\ \ .
' | Derate factor for altilude % 0.00%  — \\ Check slide 6-7 for
i |Deration for ambient temp. % 6.00% e .
L | Total derate applicable % 6.00% H tO F temp rse derate'
i | Site derated Power for alternator KVA 132 Recommended Alternator frame
i '\\‘
" |C. DG Set Power Derate calculation- site specific rating \ B
i DG corrected output kWe 117 \\\\\
I PF. 0.80
| |Estimated Alternator efficiency % 92.00% N o~ 1| Additional derate as per
Site Specific rating output (Lowest from engine & alternator \ \ . .
derated power) KVA 132 v — general CGT guideline. See
! kWe 105 \ \ Slide 7

Temp. rise requirement
as per tender

Out of engine & alternator, whichever
power is lower will be consider as

Alternator Power Output
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Genset Power output in kVA



13. Understanding Seismic compliance
requirements




Seismic Map of India-

India falls under either
Zone 2
Zone 3
Zone 4
Zone 5

AFGHANISTAN ' INDIA
<

SEISMIC ZONE

LEGEND
[ —emem International Boundary
------- State Boundary
Country Capital

Zone - |l (Least Active)
. Zone-Illl (Moderate)
I Zone - IV (High)
B Zone- V (Highest)
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14. Alternator RTD & BTD Thresholds




Alternator- RTD & BTD Thresholds

TABLE ALARM AND SHUTDOWN TEMPERATURE SETTINGS FOR WINDINGS
Windings insulation Max. Continuous Alarm temperature Shutdown
temperature (°C) (°C) temperature (°C)
Class B 130 120 140
Class F 155 145 165
Class H 180 170 190
To detect overheating of bearings, control signals should be set according to the following table.
TABLE 13. ALARM AND SHUTDOWN TEMPERATURE SETTINGS FOR BEARINGS
Bearings Alarm temperature (°C) Shutdown temperature (°C)

Drive end bearing 45 + maximum ambient

Non-dnve end bean’ng 40 + maximum ambient

50 + maxamum ambient

45 + maximum ambient

Table L9
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