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1.0 INRODUCTION 

Engine Development Directorate (EDD) of Research Design and Standards Organization, 

Lucknow (RDSO) under Ministry of Railways wants to develop a Turbo charger to suit 

Miller cycle timings along with camshaft for higher fuel efficiency and reduced emissions for 

DLW built 16 cylinder 3100/3300/3600 HP Alco engines of Indian Railways (IR). These 

engines are large bore diesel engines capable of producing power from 3100 to 3600 HP. 

General and environmental requirements  are given in Annexure 1. Technical specification 

of the engine is given in Annexure 2 & 3. Typical duty cycle for IR diesel locomotives are 

given in Annexure 4. Miller cycle timing turbocharger along with its camshaft may be fitted 

either on the mechanical fuel injection fitted diesel locomotives or on electronic fuel 

injection system fitted locomotives. Details of the existing camshaft and its valve timing 

diagram are given in Annexure 7. 

2.0 SCOPE OF PROJECT 

2.1 Replacing the existing turbocharger with a newly developed Miller cycle timing based 

turbocharger. 

2.2 Developing a camshaft to suit the Miller timing turbocharger (Camshaft design will include 
varying the timing of opening and closing of exhaust and inlet valve and the scavenging 
period). 

 
2.3 It is proposed to use the existing 11.75 compression ratio piston for prove out of the Miller 

cycle turbocharger and associated camshaft. At the same time, the bidder shall carry out a 3-
D combustion CFD of a 12.5 compression ratio piston to optimse the piston chamber 
geometry for Miller cycle timings. Bidder shall have to carry out the combustion CFD of the 
piston geometry by using open source code KIVA software. Bidder will submit the 
optimized design of the 12.5 compression ratio piston to RDSO. Bidder shall agree to 
support RDSO during the testing of the optimized 12.5 compression ratio piston with Miller 
cycle turbocharger and camshaft. 

 
2.4 Miller cycle turbocharger along with camshaft shall be fitted both on new locomotives and 

retrofitted on existing locomotives during rebuilding or during POH.  
 
2.5 The camshaft development would be limited to include design and development of the air 

and exhaust cam lobes of current stiffer unit camshaft of ALCO-DLW engines to suit the 
Miller timings. The bidder would need to study and certify that the design of the existing fuel 
lobe on the camshaft would meet its requirement and that the new designs of air and exhaust 
cam lobes can be accommodated along with the existing fuel lobe design on the same 
camshaft without any other modification. The bidder is supposed to work on the existing 
unit cam shaft envelope only. For design, development and manufacture of camshaft the 
bidder may tie-up with suitable vendor(s) (if the camshaft design and manufacture capability 
is not available in-house with them) who are in the field of design of camshaft and 
manufacture of camshaft respectively. 
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2.6 Existing after cooler to be adapted for fitment on Miller cycle timing turbocharger and 

camshaft. 
 
2.7 It will be the responsibility of the bidder for prove-out of the turbocharger and camshaft 

offered by them. Capability and resources assessment of the sub-vendor, if any, engaged by 
the bidder shall be the responsibility of the bidder. 

 

2.8 Miller timing turbocharger along with camshaft shall first be fitted on the engine test bed at 
RDSO and tested for engine performance, emissions and combustion. After it is found to 
meet the acceptance criteria it will be fitted on a locomotive in a production unit, load tested 
for performance and field tested for performance for a period of 6 months. 

 
2.9 RDSO will share all relevant data with the successful tenderer after signing of a Non 

Disclosure Agreement with Engine Development Directorate. Format for the non-
disclosure agreement of RDSO is enclosed at Annexure 8.  
 

 
3.0 ACCEPTANCE CRITERIA  

 Following minimum broad objectives are required to be met: - 

3.1 Reduced NOx emissions by 20% vis a vis an Alco locomotive fitted with Electronic Fuel 
Injection System(16mm plunger diameter) over the IR duty cycle 

3.2  Reduced BSFC by 2% vis a vis an Alco locomotive fitted with Electronic Fuel Injection 
System. (16mm plunger diameter) over the IR duty cycle 

3.3 Reduction in exhaust gas temperature upto 50 degree centigrade vis a vis an Alco engine 
fitted with Electronic Fuel Injection System(16mm plunger diameter)   

3.4 No increase in the peak cylinder pressure  of the engine beyond the base engine (i.e. 125 
bars) 

3.5 Envelope of the components offered to be within the existing envelope constraints. 
3.6 Sufficient surge margin of the Turbocharger 
3.7 Increase air/fuel ratio at part load 
3.8 Prolonged Maintenance and Time Between Overhaul intervals (the maintenance interval 

shall be 180 days or more) 
3.9 The offered turbo charger shall be compliant to use of Biodiesel in addition to the high 

speed diesel. (With major fuel content of High Speed Diesel). 
3.10 No other component besides the turbocharger and the camshaft shall be required to be 

changed to meet the desired performance. Engine shall not required major modification for 
fitment of the Miller cycle turbocharger and the associated camshaft. 

3.11 The project is proposed to be covered under the ambit of Clean Development Mechanism 
(CDM) and the carbon credits so accrued will be owned by Indian Railways. 
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4.0 PRE-DESPTACH INSPECTION 

Inspection of the scoped supply shall be carried out by representative of engine development 

directorate at successful bidder designing facility without any additional cost before shipment 

of the same. Expenses for travel to and fro to the bidders premises, boarding and lodging of 

the IR personnel shall be borne by IR. The bidder shall indicate for each equipment the 

relevant specification to which the equipment shall be type tested. The bidder shall 

demonstrate the capability of the Miller cycle turbocharger in terms of boost  pressure and 

air mass flow rate on the turbocharger test stand. Type test program shall be drawn up by 

the bidder in consultation with RDSO, ED Dte. 

5.0 PERFORMANCE TEST ON RDSO ENGINE TEST BED 

5.1 Performance of engine fitted with Miller cycle timing turbocharger and associate camshaft 

shall be validated on the test bed of ALCO engine at Engine Development Directorate, 

Research Designs & Standards Organization (RDSO), Lucknow, India. 

 

5.2 The ALCO engine will be run at the predetermined speed and load points during the test as 

per Annexure 5. The optimization will be done under the identical conditions and 

combination of components. The engine will be loaded by hydraulic dynamometer 

controlled by AVL test commander. For calculation of corrected horsepower and brake 

specific fuel consumption, ALCO formula will be used. Performance parameters will be 

recorded in direction of descending order of load and speed.  

5.3 The Bidder in consultation with RDSO shall draw up the optimization programme. 

5.4 The detail of data acquisition system of the test bed is at Annexure 6. 

5.5 Performance tests on RDSO Engine Test beds shall be carried out for a period of two 

months after complete assembly. 

6.0 PERFORMANCE TEST ON LOCOMOTIVE 

After the validation of the system performance on ALCO engine test bed at Engine 

Development Directorate, RDSO, the system would be fitted on an EFI fitted ALCO-DLW 

diesel locomotive. After proving out the performance requirement on the locomotive, its 

maintainability and reliability under field conditions (Reliability Verification Testing) would 

be jointly monitored by RDSO and the manufacturer for 6 months. All problems noticed 

during this period be logged and a satisfactory solution shall be found.  

7.0 TRAINING 

The bidder shall be willing to train five IR personnel for two weeks in the new technology at 

the time of prove-out on engine test bed.  
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8.0 DELIVERABLES 

8.1 Miller timing high efficiency turbocharger with all required adaptation parts – One locoset. 

8.2 Stiffer unit cam shaft to suit the above turbo charger with modified air and exhaust cam 

lobes and retaining the original fuel lobe design – one locoset (16 numbers). 

8.3 Manufacturing drawing of the Miller timing camshaft along with all design calculations of 

the camshaft. 

8.4 Combustion CFD analysis of 12.5 compression ratio piston along with the optimized piston 

chamber geometry of the same. The combustion CFD analysis shall consist of the actual 

model with all boundary conditions and a detailed report. Bidder shall submit a detailed 

drawing of the optimized combustion chamber geometry shape giving all relevant 

dimensions which will be used by the piston manufacturer to manufacture the piston to this 

geometry. Bidder shall be willing to interact with Indian Railways piston supplier to arrive at 

a final drawing of the piston incorporating the above optimized piston chamber geometry. 

8.5 One complete set of Specifications, material test reports, apparatus instructions, manual for 

the above, spare parts catalogue, including detailed dimensioned drawings of the interfacing 

dimensions except the proprietary design details 

8.6 Full technical support and update for a period of minimum two years after successful 

installation and commissioning. 

 
 

 
 
 

xxxxx 
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Annexure 1  

Points for guidance of the bidder 

1. General requirements 

 
The Miller cycle timing turbocharger and associated camshaft should be suitable for rail 

traction service which is characterized by wide, fluctuating, cycle load patterns and extended 

intervals of operation at idle and full load. The bidder should ensure that the components 

should be so designed that the safety of the locomotive and personnel are not compromised. 

 

2. Environmental requirements 

Miller cycle timing turbocharger and associated camshaft shall be able to work satisfactorily 

in the following environmental conditions: 

SN Parameter Limits 

1. Maximum temperature (Atmospheric) 55°C (However, the air temperature 

inside the engine compartment may 

reach upto 70°C) 

2. Humidity 100% saturation during rainy season 

3. Maximum Altitude 305 m from MSL 

4. Rainfall Very heavy in certain areas 

5. Atmospheric conditions during hot 

weather 

Extremely dusty and desert terrain 

in certain areas 

6. Coastal area environmental conditions The locomotive and turbocharger 

and camshaft shall be designed to 

work in coastal areas where the 

environment is humid and salt laden 
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Annexure-2 

 
ENGINE DATA – 16 CYLINDERS DLW BUILT 251-B ALCO ENGINE 

 
 
1. Application Rail traction diesel (Indian Railways, 

Broad gauge) 3100,3300 HP, 3600 HP  

2. Engine type DLW built 251-B engine 

3. No. of cylinders 16 
4. Configuration ‘V’ 
5. Cycle 4 stroke 
6. Bore 9”(228.6 mm) 
7. Stroke 10.5”(266.7mm) 
8. Compression ratio 11.75:1 
9. Ratio of con rod length to crank radius 4 
10. Fuel injection (at full load)  
                               Spill port closing 22.0 degree CA BTDC 
                               Duration of injection Approx.34 degree CA 
                               Pumps 17 mm plunger dia, 20mm stroke 
                               Nozzles 0.35 mm dia. 9 holes, 157-degree spray 

angle, 90-degree tip angle. 

11. Firing order 1R 1L, 4R 4L, 7R 7L ,6R 6L, 8R 8L, 5R 
5L, 2R 2L, 3R 3L 

12. Valve and port data  
                                      Valve dia 7.62 cm 
                                      Max. valve lift 2.04 cm 
                                      Port diameter 7.40 cm 
13. Turbocharger One per engine 
14. After cooler Single water-cooled. 

 
 
NOTE: These figures are indicative and can be used only for approximate guidance 
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Annexure-3 

ENGINE PERFORMANCE DATA AT FULL LOAD- 16 CYLINDERS DLW BUILT 251-B 

ENGINE (MECHANICAL FUEL INJECTION SYSTEM) AS AVAILABLE AT RDSO TEST 

BED- 

1. 
Brake horse Power 

3100HP 3300 HP 3600 HP 

2. Engine speed 1050 rpm 1050 rpm 1050 rpm 

3. 
BMEP 

14.25 bar  approx. 15.75 bar  approx. 17.17 bar  approx. 

4. BSFC  154 gm/BHP hr 154 gm/BHP hr 154 gm/BHP hr 

5. Turbo inlet temperature 485ºC (approx.) 500ºC (approx.) 535ºC (approx.) 

6. Average cylinder head 
exhaust temperature 

415ºC (approx.) 415ºC (approx.) 415ºC (approx.) 

7. Max. Ambient temp. 
Expected 

55ºc 55ºc 55ºc 

8. Specific air consumption 4.5 kg/sec.approx 6.5 kg/sec.approx. 6.54 kg/sec.approx. 

9. Vacuum at compressor air 
intake 

 400 mm H2O-g 
approx. 

550 mm H2O-g 
approx. 

10. Compressor outlet pressor 1.60 bar-g approx 1.82 bar-g approx. 2.20 bar-g approx 

11. Pressure drop across after 
cooler 

0.1 bar approx. 0.1 bar approx. 0.12 bar approx. 

12. Inlet manifold pressure 
(engine air gallery) 

1.55 bar approx. 1.77 bar approx. 2.02 bar approx. 

13. Exhaust pressure before 
turbine 

1000 mm of Hg 

approx 

1000 mm of Hg 
approx. 

1120 mm of Hg 
approx. 

14. 
Turbine outlet pressure 
(Exhaust) 

440 mm H2O g 

approx. on engine 

test bed 

440 mm H2O g 
approx. on engine 
test bed. 

640 mm H2O g 
approx. on engine 
test bed. 

15. Maximum cylinder 
pressure 

1800 psi. 1850 psi. 1950 psi. 

 
NOTE: These figures are indicative and can be used only for approximate guidance 
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Annexure-4 

 
TYPICAL INDIAN RAILWAY OPERATING DUTY CYCLE FOR DIESEL LOCOMOTIVES 

 
               

 
NOTCH FREIGHT SERVICE % PASSENGER SERVICE % 

Idle 60 49 

1st 3 6 
2nd 5 7 
3rd 3 5 
4th 4 4 
5th 4 7 
6th 5 5 
7th 6 5 
8th 10 12 

 
 
Extracted from RDSO report no.-MP-Misc. – 204, Feb. - 2008 

Annexure-5 

 
OPERATING POINT AT VARIOUS NOTCHES FOR ALCO 251B ENGINE 

 
 

NOTCH
 3100 HP 3300 HP 3600 HP 

RPM LOAD 
(N) 

POWER 
(HP) 

LOAD 
(N) 

POWER 
(HP) 

LOAD 
(N) 

POWER 
(HP) 

8 th 1050±3 21600±50 3100 22997±50 3300 25065±50 3600 

7th 950±3 19082±50 2500 20316±50 2640 22163±50 2880 

6th 850±3 16018±50 1870 17029±50 1980 18577±50 2160 

5th 750±3 13826±50 1430 14475±50 1485 15971±50 1620 

4th 650±3 10616±50 950 11135±50 990 12147±50 1080 

3rd 550±3 8138±50 615 8773±50 660 9570±50 720 

2nd 450±3 5471±50 330 5361±50 330 5848±50 360 

1st 350±3 2984±50 145 3336±50 165 3760±50 180 

Idle 350±3 2131±50 105 2131±50 105 2131±50 105 

 
NOTE: These figures are indicative and can be used only for approximate guidance 
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Annexure-6 

 

DATA ACQUISITION SYSTEM OF TEST BED 
 

(a) AVL test commander, capable of real time only measurements on 176 channels, controls the 
engine. The test commander controls the dynamometer coupled to the diesel engine. Different 
parameters like speed, load, torque, power, temperature and pressure at various critical 
location of engine are measured and recorded. The test commander operates on “Window 
NT” operating system with “PUMA 5” engine monitoring and testing software. 

 
(b) The high-speed data acquisition system (HSDA) of M/s AVL is used to measure online high-

speed parameters of engine such as Cylinder pressure, Fuel line pressure, Injector needle lift 
etc.  
 

(c) AVL frequency based fuel balance measures the online Brake Specific Fuel Consumption and 
rate of fuel flow. Fuel leak-off is measured separately. The rate of leak off amount is 
subtracted from the rate of fuel flow to get the exact consumption of fuel.  
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Annexure 7 
Details of the present camshaft  

Existing stiffer unit camshaft timings 
Parameter Cam Shaft of ALCO 16 V  
Type Stiffer Unit Cam Shaft 
IVO BTDC  72 degrees 
IVC ABDC  48 degrees 
EVO BBDC  66 degrees 
EVC ATDC  66 degrees 

 

VALVE TIMING DIAGRAM FOR STIFFER UNIT CAMSHAFT 

 


