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CUMMINS INC.
A global power leader

Cummins Inc. designs, manufactures, sells and 

services diesel and alternative fuel engines from 
2.8 to 95 liters, diesel and alternative-fueled 
electrical generator sets from 2.5 to 3,500 kW, 

as well as related components and technology.

Cummins serves customers through our network 
of 500 company-owned and independent 

distributor facilities and nearly 8,000 dealer 
locations in more than 190 countries and 

territories.

COMPONENTS The Components Segment consists of five businesses: Cummins 

Filtration, Cummins Turbo Technologies, Cummins Emission 

Solutions, Cummins Electronics and Fuel Systems and Eaton 

Cummins Automated Transmission Technologies.​

DISTR​IBUTION The Distribution Segment (DBU) drives a comprehensive global distribution strategy and 

channel management. This business provides sales, service and support to our 

customers around the w orld through the largest number of certif ied service and support 

locations of any engine manufacturer. ​

NEW P​OWER The New Power Segment (NPBU) is positioned to be the leader in any 

electrified power, hydrogen technology or new power solution that our 

customers may need.​

EN​GIN​E The Engine ​Segment (EBU) designs and manufactures state-of-the-art 

diesel, natural gas and other engines for on-highway and off-highway 

use. The business also offers new parts and remanufactured parts and 

engines.

POWER SYSTEMS The Pow er Systems Segment​ (PSBU) is a global provider of integrated pow er through 

the design, manufacturing and sales of engines 16L or larger for industrial applications 

including mining, oil and gas, marine, rail, standby and prime pow er generator sets, 

alternators and other pow er components.
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Introduction

What is short circuit event ?

→Any / all phases of electrical current if connects to ground or each other, and there is sudden surge of current 
such event is called as a short circuit event.

▪ Characteristics of Short circuit event 

• Duration (self extinguishing, transient and steady state )

• Origin ( mechanical break in a conductor, accidental contact between two conductor via a foreign body, 
Insulation breakdown )

• Phase to earth 

• Phase to phase

• Three phase 

▪ Consequences of short Circuits

• Damage to insulation

• Fire and danger to life

• High electrodynamics forces & danger to mechanical components 
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Types of short circuit events (IEC60909)

▪ Three phase 

short circuit 

(less than 5%)

▪ Two phase short 

circuit (5-10%)

▪ Three phase 

short circuit to 

ground (less 

than 5%)

• These are major types of short circuit events that 

occurs statistically worldwide.

• Among of these the one which produces highest 

electrical current is 2 phase short circuit

• Phase to earth (80 % of faults)
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Induced Short circuit test at Cummins

▪ 50 Hz Krypton / Short Circuit Testing –

Vibration @ Fridley 

▪ HSK78G PA2-4G & MVI804X2 

▪ w/ Reich AC-10.2D.SN.F2K.21.350 Torsional 

Coupling

This generator set was subjected to IEC 60034-1 

Section 9.9, IEC 60909 short circuit testing per 

ESW-21. This gave us the opportunity to collect 

strain, linear, and torsional data during short 

circuit testing. Testing was focused on short circuit 
testing; not our standard DP-0001 tests.
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Dynamics of Short Circuit event

Fig3a: Time vs Speed 

Fig3b : Time vs speed Fig3c: Time vs speed zoomed for SS 
event
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Dynamics of short circuit event

▪ The rotor current as you can see increasing 

drastically after the short circuit event.

▪ Also the Rotor angular acceleration is very high 

at the start of SS event.
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Dynamics of SS event

▪ The sub-transient time period is typically no 

more than two cycles (40ms @ 50Hz).

▪ The time from the sub transient region 

onwards, to the convergence of the 

symmetrical and asymmetrical curves and 

on to the point after which the fault current 
begins to increase, is referred to as the 

transient region.

▪ Steady state region : With regard to the 

sustained region level of fault current, this 

region is often referred to as the steady 

state or synchronous region. With the 

current level in this region being multiples of 
rated output current, the alternator is clearly 

operating under a condition of forced 

excitation;
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Dynamics of SS event
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Literature survey [3]

• The transient torsional vibration behavior of a turbine generator system under short circuit excitation
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Where 𝑇𝑡 = Transient torque; 𝜔 is frequency of current, 𝑇𝑛 is nominal torque.
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This is to make sure 

that model works as 

expected 

Creating time 

domain torsional 
analysis model

Calibrate 

model for 

torsional 

displacements

Short circuit 

torque 

calculations 

from literature

Applying 

torque and 

validating the 
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Analysis approach and model building

1. Dynamic 

torsional model

2. Understanding 

the nature of 

short circuit 
event. 
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Problem statement

• Build a GT torsional model (time domain) to steady state at desired RPM. 
This we want to achieve without speed boundary conditions.

• So, we will use a PID controller at the flywheel which would try to give an 
opposite torque as of the total engine torque to the flywheel so that overall 
system achieves a steady state.

• For our problem the system is a HSK78 engine with P80R2 alternator, this 
driveline has a torsional coupling, a step-up gear box and alternator at the 
other end.
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Engine and driveline details
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GT Model Details

Engine 

Alternator

Gear boxcoupling

PID
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Natural frequency calibration

The GT Suite model predicts the coupling mode at 8.29 Hz, first engine mode at 
81.75 Hz and generator mode at 117.32 Hz which is well matching with torsional 
test prediction of 8Hz, 82Hz and 117Hz respectively.
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Force response calculations
This model was calibrated for the torsional data measured at engine front, crank nose displacements were co-

related for all major orders and thus the model validity was confirmed.
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Changes in GT output after using PID 
controller

Flywheel Speed PID Torque applied by PID controller

GT model is ran for 50 seconds so that the overall system achieves the steady state so that we can apply a SS 

torque. We observed the flywheel speed output as a function of time to observe that.
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perspective ?
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After applying Short Circuit torque after 
steady state condition

TVSIM model was ran for 15 sec till we achieve a 

steady state at 1500 RPM and then SS torque was 

applied. 

Due to applied short circuit torque we see a speed 

drop in the engine mean speed.

After which the speed steadily gets backs to 1500 

RPM.

With the given short circuit event parameters, we were 

not able to achieve good co-relation for the whole 

event but the deceleration rate was achieved for the 
short circuit event, and using this model the torque 

across coupling and heat rate were predicted.
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Transient Torque at torsional coupling

The maximum torque at torsional coupling is around 

20kNm much higher than vibratory torque limit of the 

coupling and this torque remains for around 5 secs.

It is acceptable for the maximum limit of the coupling. 

Vib torque limit = 7000 Nm

Max torque limit = 42000 Nm
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Conclusions

• Overall torsional modeling and calibration of the model with the test data was completed, 

• We were able to calculate the short circuit torque empirically and apply to the GT model which created 

the short circuit response which was similar to what observed in the test. 

• Hence this time domain GT model can now be used for further assessment on the torques at various 

junctions across the driveline at crankshaft, across the bolted joint etc. 

• As next steps we can target to model the overall event better and evaluate the performance of the 

mechanical components in the driveline.
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