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* Short Circuit test at Cummins




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

» Conseguences of short Circuits
« Damage to insulation
» Fire and danger to life
* High electrodynamics forces & danger to mechanical components




Types of short circuit events (IEC60909)

L3

1 ~— = Three phase L2 « Phase to earth (80 % of faults)
— = . . L1
L [ Y short circuit - ==
| t }1;3 (less than 5%) | i
L3
:: 1 :: = Two phase short
L1 l circuit (5-10%)
1 hz « These are major types of short circuit events that
occurs statistically worldwide.
« Among of these the one which produces highest
— <— = Three phase electrical current is 2 phase short circuit
—_ L2 o ) )
X ] short circuit to
1 Yo ground (less
1. than 5%)




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 Circult event

50 Hz HSK78G-PA2 & MVI804X2 / Shaft Rotational Speeds - April 2019
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Dynamics of short circuit event

Valtage / Current (amps) / Angular Accel. (rad!secZ) / Rotational Speed (rpm)

N
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50 Hz Krypton Short Circuit Test 40: CN Short - 16 April 2019 n The rotor current as you can see |ncrea5|ng

BC Voltage / 100 drastically after the short circuit event.

C Current/ 1.0e4

Rotor Ang Acceleration / 1000
(Engine Speed / 100) - 15

= Also the Rotor angular acceleration is very high
at the start of SS event.

<10* 50 Hz Krypton Short Circuit Test; ABC Short - 11 April 2019
T T T T T T T

A Currend
=B Curant _
= Currenl

Current | amps )

125 12.6 12.7 12.8 12.0 13 13.1 13.2 13.3 13.4 13.5
Time ({sec )

Time (sec)
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Dynamics of SS event

h

\ » The sub-transienttime period is typically no
u more than two cycles (40ms @ 50Hz).

» The time from the sub transient region
onwards, to the convergence of the
symmetrical and asymmetrical curves and

t(s) on to the point after which the fault current
begins to increase, is referred to as the
NI GEVERATOR TECHDLOGIES T T T — transient region.

Subtransient Transient - Steady-state

THREE PHASE PHASE SHORT CIRCUIT DECREMENT CURVE

hveree WX wowe 3SR aee a0 = Steady state region : With regard to the
— —— sustained region level of fault current, this
region is often referred to as the steady
state or synchronousregion. With the

|| ] [ oo current level in this region being multiples of

o == rated output current, the alternator is clearly
Vs operating under a condition of forced
excitation;

100000

10000 |

CURRENT (Amps)

1000
0.001 0.01
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SHORT CIRCUIT DECREMENT CURVES

Dy n a m I C S O f S S eV e n t An example of a typical Three Phase Short Circuit Decrement Curve is shown in Figure 1.

CUMMINS GENERATOR TECHNOLOGIES A C. GENERATOR FRAME fiiaa
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Literature survey |3

» The transient torsional vibration behavior of a turbine generator system under short circuit excitation

T; —t —t ( —_t)
= 10 X e0.4 X sin(wt) —5 X e0.4 X sin(2wt) —\1 — e0.15
n

Where T; = Transienttorque; w is frequency of current, T;, is nominal torque.

300,000 Short circuit
200,000

- 100,000
0
-100,000
-200,000
-300,000

m

Torque, N

time, s
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e Intent of the overall exercise

 \What we want to achieve of this

Analysis

e analysis




Analysis approach and model building

02 03 04

1. Dynamic
torsional model
2. Understandin
4 » o o 0 o
the nature of
short circuit Creating time Calibrate Short circuit Applying
event. domain torsional model for torque torque and
analysis model torsional calculations validating the
displacements from literature model

This is to make sure
that model works as
expected
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crweaeing @ HOW the GT model was bulilt

* PID controller
Sy




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 torgue 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 PS80R2 alternator, this
driveline has a torsional coupling, a step-up gear box and alternator at the
other end.

Cummins | 19



Engine and driveline detalls

Rigid coupling Reich

Adaptor-Engine  HNS 275-8/A R-FLEX
|

V12G Cylinder Numbering
oGeatox | ¢ \
. | 2
| . .
| Geislinger ,‘
| Coupling [
| Geislinger BC |
|

63/4/108HC3/L

LEFT BANK (L) RIGHT BANK (R)

36 f—/fé%; 45

Gearbox Gear Oil Tank

Crankpin Orientation

ONONONONONCO
ONONONONONE

Viewing Vibration Damper (
CW Rotation (when viewing front)

Flywheel

EIRING ORDER: HH12 H4 Firing Angles
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GT Model Detalls
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%  Steps for model validation

x» . How the calibration was carried

Model
Calibration

out




Eigenvector Magnitude

Eigerwectar Magnitude
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0.0
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Natural frequency calibration

Mode Shape#03: freq= 8.2898 Hz
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- JIJI I‘I‘N
w = I
- o3 e

Eigenvactar Magnitude

0.4

0.2

0o

-0.2

-0.4

Mode Shape #04; freq= 821823 Hz
mMechFregfnalysis object TorsFregAnalysis

Engine Torsionals @ Damper

The dotted lines are the start/stop tests

. 60 Hz HSK78G-PA2 & LVSI804R2/ Engine Damper- 28 July 2020

10°

pt

per_Ring
2_Damper_Csg
3_Crada
4_Front_Gear
a_Cyl1_1R

1_Dam

Y

pFYside
e

17_FI

pGEside
20_LSshaft
pGBside
pRLzide

24 _Hub_Rflan

26_GenFan
27_Rotor?
32_PMG

28_Rotor?

28_Raotord

30_Rotars

31_Exciter

21 _HSshaft

22_HS5SCoup

26_Rotor

Byl 1L
7 o3 IR
8 Cyld_ 3L
9 cyi5 3R

10_CylB_3L

19_85Cou

23_HSSCou

18_LSSCou

Torsional Velocily { deg/sec

=]

=

Gear Box Torsionals @ Input Shaft

The dotted lines are the start/stop tests.

Per the start/stops, we think the 117 Hz resonant excitation is gear mesh frequency.

'] 50 100 150 200 250 300
Frequency (Hz)
Peak Frequency Angular Velocity Alternating Exciting Engine Speed of
Hz (degfsec) Displacement Order Peak (rpm)
(+i-deg)
A 8 70.75 407 20
B 2 2381 048 . 820
¢ 165 3896 037, . 1630
D 193 8.74 .007. . 1634
E 22 744 005 8. 1638

So

Torsional Velocity { degfsec )

0

Hz HSK78G-PA2 & LVSI804R2 / Gear Box - Input Shaft - 28 July 2020

1 L

L
80 100

150 200

Frequency (Hz)

250

300

Peak | Frequency “Angular Velocity Aliernating | Excifing | Engine Speed of
( degfsec) Displacement |  Order Peak (rpm)
(+-deg)
A 107 TaT] 00102 680 103
B 248 3172 00020 90 1633

The GT Suite model predicts the couplingmode 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 displacementswere co-
related for all major orders and thus the model validity was confirmed.

Select dataset Torsional Displacement at Engine Order , TGR = . i .
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% 001+ 1 Expo Autoscale N | Export
) o
] Gridines ) ; ) Close: Gridlines Close
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Changes in GT output after using PID
controller

Plots.

-840

T
|

-ss0 |

-1000

-1050 |

=1100

-1150

-1200

—-1250

-1300

—-1350

-1400

—1450

-1500

-1550

Math Operations
(ool (B (WA Al (A ([EE oy
Maowing Average Input
i
|
I
I \
[ \
\
I
o s b o ettty ittt - mmdpspntt S I S
I 1 1 1 I 1 1 I I I
a 10 15 20 25 30 35 40 45 50 55
Time [g]

Plots

Targue [MN-m]

Math Operations

Do ol R S A A | NAR|R

22830
32833
72834
~12836
2838
72840
~22842
—22m4e [N
72948
~z2848
- 22850

-22852

of 1 4 »

Torgue
Torgue part PID_Torque

50 100 1580 200 250 300 350 400 450 a00 550 600

Main Driver Angle [deag]

640 7on

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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* What is important from coupling

Coupling

evaluation perSPECtlve ?

* \Which section of event to be

modeled correctly ?




After applying Short Circult torque after
steady state condition

Movingaverage part MovingAverage-1

1800

TVSIM model was ran for 15 sec till we achieve a
AN steady state at 1500 RPM and then SS torque was
s | | applied.

1700

| Vet

o T | T Due to applied short circuit torque we see a speed
o | | drop in the engine mean speed.

Engine RPM

== After which the speed steadily gets backs to 1500
| ““«.';:@f«:zx | RPM.

1200 |- -
ol || WAY/ \ | With the given short circuit event parameters, we were
| \ not able to achieve good co-relation for the whole
1 | | event but the deceleration rate was achieved for the

o ||/ short circuit event, and using this model the torque

. ™ across coupling and heat rate were predicted.

a ] 10 15 20 25 kel 35 40 45 a0

1300 | / i
f

1000

|00

Time [5]
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Transient Torque at torsional coupling

Targue [N-m]

50000 ~

45000 ~

40000

35000

30000

28000

20000

16000

10000 -~

5000

-5000

-10000 -

e e PSS

20

25

an
Tirne [s]

34

40

45

The maximum torgque at torsional couplingis 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




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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