[
A, A\ A
NIPS

ASIA TURBOMACHINERY & PUMP SYMPOSIUM
22-26 FEBRUARY 2021 | NOW VIRTUAL!

Test set-up contribution into a Generator Mounted Epicyclic
Gear mechanical running test performance
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Short Abstract

This case study is describing the observations and the troubles shooting relative to a
mechanical running test carried out on a Generator Mounted Epicyclic Gearbox. The
specific gear architecture is requiring a full integration into the generator frame, thus the
use of a pedestal dummy system is required to replicate the generator rotor and casing
during the gear validation test.

The authors will provide a comprehensive overview of the test bench set-up, test
scope/procedure, findings and relevant corrective actions, with a deep dive on the lessons
learnt about the observed modal structure interactions.

Final recommendations will follow about the best practices to prevent similar systems
interactions issues.

Scope of this Case Study: Highlight the importance of system integration analysis
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1. Problem Statement

Gear casing vibrations over MRT acceptance criteria defined by test procedure

Casing
. Accelerometer
Casing Vertical
Accelerometer
Axial @ﬁeeh e -:-JGC‘
- ; Measured | Acceptance | Measured | Acceptance
o 95% speed criteria 95% speed criteria
HS V 1.4 2.5 3.9 1.8
HS A 1.2 2.5 2.8 1.8
Casing HS H 1.0 2.5 11.1 1.8
Accel t
cee e.rome er Refer to next pages for detailed information on trends & frequency content
Horizontal

Three accelerometers are installed on the gear casing to measure the casing vibrations in

Axial, Vertical and Horizontal direction
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1. Problem Statement
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Casing vibration trends — from top to bottom: Vert

During first internal mechanical running
test, gear casing vibrations observed over

the acceptance criteria @ 95% speed:

HSV =2 3.89 mm/sec rms

HS A =2 2.76 mm/sec rms

HSH —> 11.1 mm/sec rms

High vibrations prevented to reach the

speed. The frequency analysis

shows the LSS 1x Rev as main component.

nominal




2. Gear Data

COUPLING RING

- Rated Power 16600 kW ANULUS RING

- Inputspeed 9514 rpm N e S fg

- Output speed 1800 rpm AN | cerrier
- AGMA SF 1.3 ' -

- Driver Gas Turbine SUNWHEEL

- Driven 60Hz Generator

- —srInDLE

- Single Bearing Sunwheel
- Star Epicyclic Gear.

H3 BEARTNG

| ™ CoUPLING FLANGE

STARWHEEL




3. Test Set-up

The specific Epicyclic Gearbox is installed overhang on the Generator casing, so the MRT
arrangement is such that the gearbox is 1 a2
installed on a dedicated pedestal

system, to replicate the package

configuration. i
The pedestal consists of a casing and a i
shaft rotating in two journal fluid %Lf
dynamic bearings. The shaft is bolted -
directly to the Gear low speed shaft 1
assembly. |

The pedestal structure is then boltedto = —
the test bench floor through several foundation bolts.
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3. Test Set-up

Due to the test equipment arrangement on the
test bench, like the electric drive motor and
the step-up gearbox, their shaft-line height was
higher than the pedestal shaft-line height.

To align the Gear to be tested, and the test
bench equipment, the test bench operators
decided to install the pedestal on a package of :
still beams and shims. Asi

This arrangement can heavily affect the support stiffness, being the equivalent stiffness

~1
Keq = ( r Kil) with K; the stiffness of component “i” of support package




4. Cause-effects Analysis T
The observed vibration form and frequency contents were | i | i //_i/:ﬁ/i \\ | i ]
consistent with a lack of stiffness in the structural chain. | i// N N
The pedestal clamping configuration was found defiantly ST NN R R RN .\; =)

prone to impact the support stiffness (greater flexibility 2 —
lower natural frequency, which fell within the operating
speed range, therefore prone to be excited by the LSS 1x §
Rev). il
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5. Corrective Actions

The electric drive motor and the step-up gearbox were
moved on new supports to match their shaft-line height
with the pedestal shaft-line height.

In this new test equipment
arrangement, the gear pedestal
was installed directly onto the
test bench floor, removing in
this way the bad contribution
of still beams and shims
package.
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5. Corrective Actions

020 [T N N R N N

F 015 -

The improved test set-up, now in line to the best NERRE RN
practices, allowed to move the pedestal system
structural natural frequencies to:
- 42.2Hz (V) o
- 42.2Hz (A)

- 60.9Hz (H)

Measurements carried out through bump-test.

=]

Successive test runs validated the identified cause-effect
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6. Corrective actions validation

The gearbox vibration level was much
improved.
Vertical, axial and horizontal vibrations
@100% speed are now right on test
acceptance limits.
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100% speed
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Casing vibration trends — from top to bottom: Vertical — Axial - Horizontal




6. Corrective actions validation

In order to improved the vibration at
overspeed, the LS rotating parts balance
has been further improved.
Vertical and axial vibrations are now well
inside test limits, horizontal right on limit.

Measured | Acceptance | Measured | Acceptance
110% speed criteria 110% speed criteria
HS V 1.4 2.5 0.8 1.8
HS A 1.4 2.5 0.9 1.8
HS H 1.9 2.5 1.8 1.8
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7. Conclusions & Lessons Learnt

The test set-up was identified as the main cause of observed abnormal vibrations.

In particular, the gear pedestal support, as originally set, was introducing a lack of
stiffness in the structural chain, which brought the structural natural frequency to fall
within the operative speed range, so prone to be excited by the LSS 1x Rev.

This simple interaction phenomenon could have been easily identified through a bump-
test in situ, or through a detailed structure modal analysis, rather than through a trial

and error approach.

The lessons learnt is that modal structure interactions can occur every time we have
new structure arrangement, and therefore that they must be assessed in advance,

through the available tools or analysis.







