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Abstract

In @ compressor train driven by fixed speed synchronous motor (>17MW)
was discovered a potential torsional problem on the input shaft of the
hydraulic variable speed gear during the start-up phase when only low
speed shaft line is engaged. It was due to high motor excitation torque
crossing the 1st torsional critical speed during startup causing a very
limited numbers of train startups (1400) versus project requirements
(5000). Supported by API 617 (8th edition), the motor excitation air-gap
torque during startup has been analyzed considering electrical system
characteristics that influence the effective voltage drop at motor
terminals. A more realistic analysis of the excitation confirmed the
correctness of the shaft line design avoiding any redesign and impacts in
the projects execution.
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Compressor Train Composition

Mg,
S,
S”aft/‘-’e"d Fixed Speed Synchronous Motor + Hydraulic

Ine

Variable Speed Gear + Centrifugal Compressor

* Direct On Line 4-poles Motor
 Rated Power 17.5 MW
* Rated Speed 1500 rpm

During compressor train startup
Only low speed shaft line of the
compressor train is engaged.

Note: this system is flexible and has a
Moto, torsional frequency below motor operating
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Problem Statement

EM Start-Up torques curves vs Speed EM Start-Up torques Torque Vs Time

Mass elastic torsional model
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In a synchronous motor, the torque produced typically sweeps the
Speed [p.u)] frequency range from zero to twice the line frequency as it
1st TNF accelerates from rest during starting. [IEEE 1255]

Torsional analysis on low speed shaft of the compressor train indicated
potential problem of high stress on the input shaft of the hydraulic variable
speed gear due to electric motor excitation torque when crossing the 1st

torsional critical speed during compressor train startup.
= Legend:
EM: Electric Motor

P.U.: Per Unit (i.e. 1p.u. of torque = Rated Torque)

TNF: Torsional Natural Frequency 0-pk: mean to peak values

Note: all values are normalized and therefore relative.

Torque [P.U.]

These systems are inherently flexible and have relatively low
resonant frequencies. [IEEE 1255] /

Torque Response @ Input Shaft

3.27 p.u.
0-pk @15t TNF
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Problem Statement

EM Start-Up torques Torque Vs Time Torque Response @ Input Shaft Vs Time
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For this project, canonical air-gap torque evaluation method (without any motor voltage transient effects), gives an high
resultant torque allowing a very limited number of startups due to high fatigue stress on the input shaft.

= Legend:
EM: Electric Motor P.U.: Per Unit (i.e. 1p.u. of torque = Rated Torque)
TNF: Torsional Natural Frequency 0-pk: mean to peak values
D ay

Note: all values are normalized and therefore relative.




Analysis of the Problem

For a more accurate transient torsional analysis, the effect of motor voltage drop
and voltage recovery is considered for a more realistic electric motor air-gap
estimation (as suggested by APl 617) by simulating the electrical system behaviors
during motor startup.
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Analysis of the Problem

VEM
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Motor Current Vs Speed @ constant full Voltage

1 ——Motor Current [p.u]
Motor Voltage [p.u.]

Motor Current [p.u.]
N

0 0.2 0.4 0.6 0.8 1
Speed [p.u.]

12

0.8
0.6
0.4
0.2

Motor supply Voltage [p.u.]

Bus Bar

Step-do
Transfo

Vsupp
AV

S
wn
rmer

VEM
@

Motor Current Vs Speed with recovery of Voltage
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Torque ;,; < (Voltage .;)>
Vem(w, Igy) = Vypp — AV (@, Igy)

The voltage drop is AV = Z,, - Igy
Where IEM((D, VEM)

Assumption for a “conservative” approach:
* Short circuit power = Assumed infinite Z;. = 0
* MV Power Cables = Assumed Z,. = 0

* Step-Down Transformer =2 Z;. = 9% (proj. Value)
Sowhatis Zeqg = Zge + Zpc + Z7R?

Due to uncertainty on network short circuit
power and power cables, motor voltage drop is
evaluated with step-down transformer
contribution only, so Z,, = Z7g
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Analysis of the Problem

BﬁL Motor Torque Vs Speed @ constant full Voltage To'rque EM (0'd (Voltage EM)Z
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Analysis of the Problem

And what about torsional mechanical response?

Canonical approach: 3.27 p.u. 0-pk

More accurate approach: 2.75 p.u. 0-pk

- 16 % of Alternating Resultant toque @ 15 TNF

LCF Analysis for Number
of Start-up Evaluation
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Number of start-up increases
from about 1400 to 5000 times
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Conclusion and Recommendations

. In such kind of application the startup could be more critical than the short circuit
event because of torsional frequency is always crossed and could become the main
driver for the sizing of the shaft line.

. It is demonstrated how some simple considerations on how the motor is fed and
behave in the reality should be a key point for the sizing of the shaft line.

. It was evident that, with the canonical approach, the fatigue analysis predicted
1400 number of train startup, while with this more accurate approach the numbers
of train startup are around 5000.

Bear in mind that for this project, with the target of 5000 startup, the canonical
approach would lead to an oversize of the shaft-line.

Field test results are currently not available but further comparisons

~ A I -;‘i between simulation results and field measures will take place later. .







DETAILS OF MOTOR CIRCUIT FOR STARTUP

The Synchronous motor started direct

RL XL
on line as the same behaviors of an —] SR
Induction motor. N S N G 3l | xr (S [ [T Jramosmieis omswa ™
Then the model for Asynchronous [ [ e [ romezmwnwommzen |7
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Reactonce of excitation

238,
{field) winding (d-axis) 0.2356

DIRECT AXIS EQUIVALENT CIRCUIT XAD
startup needs 12 circuit parameters
that are all constant in speed [« [earie [=]"] | = wl
(frequency) apart of damper circuits
rkd, xkd, rkq and xkq that varying RL XL

RF

Resistance of excitation
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From 02128 [s=1}0 0.0850 fs=0) |':“ ‘

QUADRATURE AXIS EQUIVALENT CIRCUIT XAQ

frequency) and the speed of the rotor
that it is accelerating. So, slip varies
from1to0

Mutual imagnetising) P p
I X0 | eactance, g-asis 109 From 02883 (s=1] to 00912 [s=0) I b |

with the speed/slip. e I G R ‘{W =
Where slip is the difference between ' ' xa
the stator rotating field (at network
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AIR-GAP TORQUE: “ALTERNATING TORQUE” AND “MEAN TORQUFE”
During the Direct on Line start-upofa [ | |
synchronous motor, the resulting air gap torque
contain a pulsating component respect to the T
mean torque value.

In this way the motor air-gap torque during the

start-up (in red in the image) is composed by:

- Mean torque: blue line

- Alternating torque: is superimposed the mean
torque with a frequency two times the slip
frequency and the amplitude (peak-to-pack) is
represented with the green arrow.
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The amplitude of the Alternating torque can be
express as 0-peak value respect the mean torque
(blue line):

- ALTERNATING TORQUE 0-pk: violet arrow
.. Y T
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