Agricultural, Forest and Transport Machinery and Technologies (ISSN: 2367 5888)
Volume 111 — Issue 1, 2016

Evaluation of the Reliability of the Gas Generator Starts
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Abstract: This paper presents the results obtained by evaluating the starts reliability of gas generators
used for the propulsion of gas turbines. Evaluation of the reliability of starts, we conducted on a sample of eight
gas generator, manufactured by General Electric. Collecting the necessary data from operation during the two
years, we gradually acquire the information needed to calculate the starts reliability indicator. The aim of this
article was to monitor and evaluate each attempt to start of the reporting period. Primarily we monitored overall
percentage of starts and we show it as a percentage. Secondary we monitored a reliability of functions and
failure rate of selected components of the hydraulic starting device.
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INTRODUCTION

Starting system provides a spin the gas generator to the operating speed, sufficient for
its independent operation. The system is electro-hydraulic. It consists of a separate hydraulic
unit, where pressure oil is guided to the gas generator. There a hydraulic motor transmits
torque through claw clutch on the shaft of the gas generator (Fig. 1). When reached sufficient
speed, is automatically switched off [1, 2, 4].

The aim of this paper is based on the available resources and information to assess the
current state of gas generators starting reliability functions.
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Fig. 1 Starter gas generator LM 2500

MATERIAL AND METHODS

The basic elements of the starting device of the gas generator LM 2500 are: oil tank,
clutch cooling system, starting system (supplies pressure oil), system of starting process
management and control of pumps, starter motors drainage, starter pumps drainage [2, 3].

Starting state: the oil tank is full, oil pipe lines, filters and valves filled with oil, the oil
temperature at scale 15-70 °C, valve 33X QP-2 open and one of the valves 33X QP-1A /B
open, all solenoid valves energized.

We followed these basic system functions to evaluate: launch electric motor MBX,
activation valve QX QX-2AA-3A valve activation QX-2B, shutdown valves QX-2A-2B QX
and QX-3A, disable electric motor MBX.

Activation of the valve QX QX-2AA-3A: After activation, the pressure in the control path
changes the directional valve (which is part of the pump A4X-VG). The pressure oil from the
pressure side of the booster pump gets on one side of the double-acting hydraulic cylinder,
that tilts the pumps control board A4X-VG from the neutral position, thereby the pump start
deliver pressurized oil to the starter motor, which starts to spin the rotor of the generator.
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Activation of the valve QX-2B: After reaching the speed of the gas generator from 1200
to 1400 speed/min. leads to activation of the valve QX-2B. The channels in the valve will link
and thereby increases the pressure in the path Y2, which causes a further tilt of the pump
control board A4X-VG. Enlarge tilt control board means increase piston stroke of the pump
starting and increase the speed of the gas generator.

Shutdown valves QX-2A-2B QX and QX-3A. After reaching the gas generator speed
4500 speed/ min. shuts down all solenoid valves. Tilt of control board pumps A4X-VG
returns to the neutral position.

Shutdown of electric motor MBX: The last step is switch the starter pump electric motor
MBX, however, cooling subsystem and drainage of motors cabinet remains in operation [3].

We monitored the reliability of temperature and pressure sensors of starting system in
table (Table 1).

Table 1 Basic physical sensor

Element name Setting Range Manufacturer
Number Oil tank system

1 The switch of high oil level in the tank 38mm J.B:G.P. MILANO
2 The switch of low oil level in the tank 38mm J.B:G.P. MILANO
3 Temperature switch - condition to start 15 °C (10 - 70) °C CELLA
4 Temperature switch - High temperature -

warning 70 °C (10 -70) °C CELLA
5 Indicator of starting oil temperature (0 -100) °C WKA
6 Indicator of oil level in tank HYDAC

Cooling system and clutch lubrication of hydraulic motors system
7 Switch high differential pressure filter 0.5 MPa (41 - 345) kPa ITT
8 Limit switch - Cooling Clutch HONEYWELL
System supplies the pressure starting oil

9 Switch high differential pressure filter 0.5 MPa (41 - 345) kPa ITT
10 Limit switches - suction branch HONEYWELL

11 Selector switch engines
12 Pressure indicator in the pressure and suction

branches (0 - 60) MPa WIKA
The starting process management system and control of starter pump
13 Switch high differential pressure filter 0.5 MPa (41 - 345) kPa ITT
14 Pressure indicator in the control supply route (0 - 6) MPa WIKA
The drainage of starter motors system

15 High pressure switch to the return oil filter 0.35MPa | (0.103-1.03) MPa ITT
16 P_ressure indicator in the return line to the tank

oil (0—-0.6) MPa WIKA

Starts reliability of the generator is an important indicator for the overall reliability of
the transmission network of the international gas pipeline. Failure launches can mean failure
to comply with the contracted amount or pressure at international level. It is the task number
one for preventive maintenance and continuous operation workers, that figure was as high as
possible.

The confidence level of turbo-compressors is monitored using indicators of reliability
based on the time period, the condition of the generator and the number of characteristics
associated with the operation and disorders. In this article we will discuss numerical
characteristics starts reliability of the generator.
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Starts reliability (SPS):

SPS=%-1OO [%] D
Ps
Where:Us - the number of successful starts TS
Ps - requirement to start TS

Indicator of the probability of a successful start is expressed by the ratio of successful
starts (in the period) to the total number of start attempts.

RESULTS AND DISCUSSION

We monitored this information in the two time periods, which each was separately
evaluated.

We constructed the table, we are lined tracking label of generators and organizational
unit in the first column. In the second column, we recorded the requirements for operators to
start. In another successful start of generators culminating in the final idling and calculated
reliability starts generating the various areas in percent in the last column (Table 2).

For visual display of results we constructed a line graph with three lines. We gave him the
name "Reliability starts.” The first line shows the requirements for start issued by the
operator, the other blue number of successful starts idling and finished last green success rate
of starts for the generator (Fig. 2).

Table 2 Number of starts in the first reporting period

Label generator / Area Number of starts in the first reporting period
The requirement to start Successful starts of Average
Ps Us %
T1/TKK In the first reporting period 46 45 98
T1/TKJ In the first reporting period 27 19 70
T1/TKZ In the first reporting period 29 29 100
T2/ TKZ In the first reporting period 24 23 96
T1/TKI In the first reporting period 14 14 100
T2/ TKI In the first reporting period 15 15 100
T3/ TKI In the first reporting period 13 10 77
T4/ TKI In the first reporting period 16 14 88
Together 184 169
The overall success rate in % 91.05661
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Reliability starts in the first reporting period
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Fig. 2 Graph of starts reliability LM 2500 in the first reporting period

For the first monitored period, we evaluated the following data:

e Generator T1 and T2 / TKI together with T1 / TKZ reached the highest percentage rate
of 100% of starts reliability.

e We recorded the worst results for generator T1 / TKJ where the reliability of starts
reached 70%. Total number of attempts were 27 for this generator, the number of successful
starts were 19.

e Generator T1 / TKK achieved very good results with a success rate of 98%. We found
number of attempts 46 and the number of successful starts 45.

e The total balance of all generators achieved the value 91% of successful starts for the
monitored period.

But we have to state, that the function and components of hydraulic starting device was
not involved in the failure of start, which we followed and indicated in Table 1. None of
these elements of measurement and regulation didn’t show significant deviation or fault of
measurement. At this time the most frequent disorder was failure of flame sensor in the
combustion chamber
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Table 3 Number of starts in the second reporting period

Label generator / Area Number of starts in the second reporting period.
The requirement to start Successful starts of Average
Ps Us %
T1/TKK In the second reporting period 30 25 83
T1/TKJ In the second reporting period 15 14 93
T1/TKZ In the second reporting period 20 20 100
T2/ TKZ In the second reporting period 19 19 100
T1/TKI In the second reporting period 20 17 85
T2/ TKI Inthe second reporting period 14 13 93
T3/ TKI In the second reporting period 21 20 95
T4/ TKI In the second reporting period 13 12 92
Together 152 140
The overall success rate in % 92.7587
Reliability starts in the second reporting period
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Fig. 3 Graph reliability starts LM 2500 in the second reporting period

For the second monitored period, we evaluated the following data:
The highest percentage rate of 100% of reliability starts reached the generator T1 and T2/
TKZ. Generator T1 / TKK reached the lowest percentage rate of 83%. The total balance of all
generators achieved the value 92.75% of successful starts at this period. The results we
recorded in Table 3 and we displayed them in the chart (Fig. 3).
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Table 4 Number of starts for the whole period

Label generator / Area The number of starts for the whole period
The requirement to start Successful starts of Successful

Ps Us %
T1/TKZ For the whole period 49 49 100
T2/ TKZ For the whole period 43 42 98
T2/ TKI For the whole period 29 28 97
T1/TKK For the whole period 76 70 92
T1/TKI For the whole period 34 31 91
T4 / TKI For the whole period 29 26 90
T3/ TKI For the whole period 34 30 88
T1/TKJ For the whole period 42 33 79
The average starter reliability 91.875

Reliability starter for the whole period
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Fig. 4 Graph of starts reliability LM2500 for the whole period

For the whole monitored period we lined up machines according to the success of starts
(Table 4) and we found the following results:

¢ The highest percentage rate of 100% achieved the machine T1/TKZ.

¢ The second highest percentage rate of 98% achieved the machine T2 / TKZ.

e The third highest percentage rate of 97% achieved the machine T2 / TKI (Fig. 4).

Last place and therefore the worst percentage rate of 79% reached the machine T1 /
TKJ. The average value about reliability starts of all generators was 91.87%.
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A major impact on the overall reliability of starts had components of measurement and
regulation of sub-systems, as the previously mentioned the flame sensors. During the whole
monitored period, we recorded also one electric fault at the ignition device.

CONCLUSION

Dynamic gas transport requires more frequent manipulation with transmission network
technology in increased international competition for gas systems. Start of each gas
generators belongs to the most frequently and also the most important starts ever, which
regulate the transported volume and pressure of natural gas flowing through the transit system

In this paper, we monitored the reliability of starts during two years. We recorded total
336 commands to start on a sample of eight gas generators. Until 309 of start-up sequences
were successful completed and the turbine was put into steering at idle.

During the first year of observation, we recorded total 66 faults of gas generators.
Seven of these disorders are related to electronic ignition, but no with components of
hydraulic starting system. In this year generators achieved a complete percentage rate of
91.05% of successful starts and we recorded 15 of unsuccessful starts. The measuring and
regulations elements, which aren't related directly to the electro-hydraulic starting device had
an impact to unsuccessful starts. We found that, no-failure operation of our monitored starter
functions and components was 100%.

In the second year of observation we recorded together 58 faults of gas generators. Two
of these disorders are related to electronic ignition. Generators achieved a total percentage
rate of 92.75% of successful starts and we recorded 12 of unsuccessful starts. The observed
functions and components of the ignition device did not fail.

For the whole observed period of two years, gas generators achieved an average value
91.87% of starts reliability. It is a high success compared to the other technologies and this
success is thanks to all operations entering to the start-up sequence of generators. It is mostly
about reliable control systems, leading technology, professional knowledge of operators and
quality maintenance. If we look at this indicator from the perspective of the various areas so
the highest percentage of successful starts reached the area TKZ with generator T1 with
percentage rate of 100% when the number of starts was 49. We recorded nine unsuccessful
starts in the TKJ area. The most start-up sequences were launched in TKK area, total number
was 76 with the percentage rate of 92%.
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