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o ED Plant for main work IFEnS nance | Priorit Not Ta.sk . So ria | Maj ui . . o . .
rder Type| work r L List |Task List Group| Group Cnt | |ter| p Functional Location Description of functional location (40 Chars)
center CEntey Group ;\ct;;g y Rel | Type nt No ial ' m

PMO1 ME1 1106 ME PM1 3 A |E106XL23 1Y
1106-CG-10PCC11AP001-M01 MOTOR AUXILIARY COOLING WATER PUMP 1 7SPPs and 12SPPs
1106-CG-10PCC12AP002-MO01 MOTOR AUXILIARY COOLING WATER PUMP 2 7SPPs and 12SPPs
1106-CG-10PGCO04AP001-MO1 MOTOR CLOSED COOLING CYCLE WATER PUMP 1 7SPPs Only
11106-CG-10PGCO6AP001-MO1 MOTOR CLOSED COOLING CYCLE WATER PUMP 2 7SPPs Only
1106-CG-10PAB91AN001-M01 MOTOR COOLING TOWER FAN 1 7SPPs Only
1106-CG-10PAB92AN001-M01 MOTOR COOLING TOWER FAN 2 7SPPs Only
11106-CG-10PAB93AN001-MO1 MOTOR COOLING TOWER FAN 3 7SPPs Only
1106-CG-10MAG11AP001-M01 MOTOR MAIN CONDENSATE PUMP 1 7SPPs Only
1106-CG-10MAG12AP001-M01 MOTOR MAIN CONDENSATE PUMP 2 7SPPs Only
1106-CG-10PBN11AP001-M01 MOTOR NaOCL DOSING PUMP 1 7SPPs Only
1106-CG-10PBN12AP001-MO01 MOTOR NaOCL DOSING PUMP 2 7SPPs Only
1106-CG-10PBN21AP001-M01 MOTOR H2S04 DOSING PUMP 1 7SPPs Only
1106-CG-10PBN22AP001-M01 MOTOR H2S04 DOSING PUMP 2 7SPPs Only
1106-CG-10PBN31AP001-MO01 MOTOR SCALE INHIBITOR PUMP 1 7SPPs Only
1106-CG-10PBN32AP001-M01 MOTOR SCALE INHIBITOR PUMP 2 7SPPs Only

PMO1 ME1 1106 ME |PM1 3 A |E106XL22 3M
1106-CG-10PCC11AP001-MO01 MOTOR AUXILIARY COOLING WATER PUMP 1 7SPPs and 12SPPs
1106-CG-10PCC12AP002-M01 MOTOR AUXILIARY COOLING WATER PUMP 2 7SPPs and 12SPPs
1106-CG-10PGCO04AP001-MO1 MOTOR CLOSED COOLING CYCLE WATER PUMP 1 7SPPs Only
11106-CG-10PGCO6AP001-MO1 MOTOR CLOSED COOLING CYCLE WATER PUMP 2 7SPPs Only
1106-CG-10PAB91AN001-M01 MOTOR COOLING TOWER FAN 1 7SPPs Only
1106-CG-10PAB92AN001-M01 MOTOR COOLING TOWER FAN 2 7SPPs Only
1106-CG-10PAB93AN001-M01 MOTOR COOLING TOWER FAN 3 7SPPs Only
1106-CG-10MAG11AP001-M01 MOTOR MAIN CONDENSATE PUMP 1 7SPPs Only
1106-CG-10MAG12AP001-M01 MOTOR MAIN CONDENSATE PUMP 2 7SPPs Only
1106-CG-10PBN11AP001-M01 MOTOR NaOCL DOSING PUMP 1 7SPPs Only
1106-CG-10PBN12AP001-M01 MOTOR NaOCL DOSING PUMP 2 7SPPs Only
1106-CG-10PBN21AP001-M01 MOTOR H2S04 DOSING PUMP 1 7SPPs Only
1106-CG-10PBN22AP001-M01 MOTOR H2S04 DOSING PUMP 2 7SPPs Only
1106-CG-10PBN31AP001-MO01 MOTOR SCALE INHIBITOR PUMP 1 7SPPs Only
1106-CG-10PBN32AP001-M01 MOTOR SCALE INHIBITOR PUMP 2 7SPPs Only

PMO1 ME1 1106 ME PM1 3 A |E106XL22 3M
1106-CG-10PAC11AP001-M01 MOTOR MAIN COOLING PUMP 1 anLiu GNRV1&2
1106-CG-10PAC12AP001-M01 MOTOR MAIN COOLING PUMP 2 antiu GNRV1&2
1106-CG-11LAC11AP001-M01 HRSG-11 BOILER FEED WTER PUMP1 7SPPs Only
11106-CG-11LAC12AP001-M01 HRSG-11 BOILER FEED WTER PUMP2 7SPPs Only
1106-CG-12LAC11AP001-M01 HRSG-12 BOILER FEED WTER PUMP1 7SPPs Only
1106-CG-12LAC12AP001-M01 HRSG-12 BOILER FEED WTER PUMP2 7SPPs Only

PMO1 ME1 1106 ME PM1 3 A |E106XL23 1y |
1106-CG-10PAC11AP001-M01 MOTOR MAIN COOLING PUMP 1 anLiu GNRV1&2
1106-CG-10PAC12AP001-M01 MOTOR MAIN COOLING PUMP 2 anLiu GNRV1&2
1106-CG-11LAC11AP001-M01 HRSG-11 BOILER FEED WTER PUMP1 7SPPs Only
1106-CG-11LAC12AP001-M01 HRSG-11 BOILER FEED WTER PUMP2 7SPPs Only
1106-CG-12LAC11AP001-M01 HRSG-12 BOILER FEED WTER PUMP1 7SPPs Only

1106-CG-12LAC12AP001-M01

HRSG-12 BOILER FEED WTER PUMP2

7SPPs Only
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Condition Based Monitoring Report GNNK Power Plant JGU LF

MMD has analyzed the equipment condition monitoring for GNNK power plant by vibration record from

powerplant. The machine data based was acquired during 1 — 5 Nov 2021. The summary information is below.

Total Equipment

No. l Location | Code l Name | Symptom
GNNK
GT11 Main Lube Oil Pump 1.) Structural looseness
1 GT11 11MBV21AP005
2) Unbalance
Table 1:2 Priority Waming: ion s i the frequency of
No. ‘ Location ‘ Code ‘ Name ‘ Symptom
GNNK
1) Structural looseness
GT11 Main Lube Oil Pump
1 GT11 1IMBV23APOOS | 2) Unbalance
o
3) Defect on rolling element of NDE bearing
1) Structural looseness
GT12 Main Lube Oil Pump
2 GT12 12MBV234P00S | 2) Unbalance
o
3.) Defect on rolling element of NDE bearing
3 HRSG11 11LAA10APO01 HRSG11 CPH Pump No.1 1) Looseness
4 sT10 10MAV10AN001 ST Lube Oil Vent Fan No.1 1.) Rotating looseness
5 ST10 10MAV10ANO02 | ST Lube Oil Vent Fan No.2 1) Rotating looseness
The i results and ions for each machine are described below.
Newly commissioned
Indefinite continuous service allowed
Srotiom operaionalowsd
Vibration causes of machine damage
11/19/2021 Condition Based Monitoring Report n

1.1. INVESTIGATION RESULTS AND RECOMMENDATION

Zone D

1. GT11 Main Lube Oil Pump No.1 (11MBV21AP005)

Analysis Result:

Possible Cause:

Recommendation:

Zone C

Found 43.18 Hz dominance on radial axis of motor.

Structural looseness

Unbalance

Follow up trending of vibration signal and take condition monitoring closely every

month and confirming the vibration amplitude on next measurement.

Re-tightening motor connecting flange.

2. GT11 Main Lube Oil Pump No.3 (11MBV23AP005)

Analysis Result:

Possible Cause:

Recommendation:

Found 42.34 Hz (1XRPM) and 220.25 Hz on radial axis of motor.

Structural looseness
Unbalance

Defect on rolling element of NDE bearing (218.795 Hz)

Follow up trending of vibration signal and take condition monitoring closely every
month and confiming the vibration amplitude on next measurement.
Swap to standby unit, Plan overhaul and replacing bearing during shutdown

Re-tightening motor connecting flange.

3. GT12 Main Lube Oil Pump No.3 (12MBV23AP005)

Analysis Result:

Possible Cause:

Recommendation:

Found 41.47 Hz (1XRPM) and 212.90 Hz on radial axis of motor.

Structural looseness
Unbalance

Defect on rolling element of NDE bearing (214.299 Hz)

Follow up trending of vibration signal and take condition monitoring closely every
month and confirming the vibration amplitude on next measurement.
Swap to standby unit, Plan overhaul and replacing bearing during shutdown

Re-tightening motor connecting flange

11/19/2021

Condition Based Monitoring Report n
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Condition Based Monitoring Report GNNK Power Plant ‘[ GULF

4. HRSG11 CPH Pump No.2 (11LAA10AP002

Analysis Result: - Found 1X harmonic dominance at NDE bearing of motor on radial axis.
Possible Cause: - Looseness
Recommendation: - Tightening structural supports if vibration doesn't decrease, perform as follow.

a) Uncoupling and solo run test to confim source of vibrations

b) Plan overhaul

5. ST Lube Oil Vent Fan No.1 (10MAV10AN001)

Analysis Result: - Found 48 Hz (1XRPM) and its harmonic dominance on all axis of the equipment

Possible Cause: - Rotating looseness

Recommendation: - Follow up trending of vibration signal and take condition monitoring closely every
month

- Support tightening and reinforcing

6. ST Lube Oil Vent Fan No.2 (10MAV10AN002]

Analysis Result: - Found 48 Hz (1XRPM) and its harmonic dominance on all axis of the equipment

Possible Cause: - Rotating looseness

Recommendation: - Follow up trending of vibration signal and take condition monitoring closely every
month

- Support tightening and reinforcing

1.2. PROBLEM AND TROUBLE

®  Shouldn't collect vibration data with probe that installing on fin, extension plate or base because it

will not collect proper data.

11/19/2021 Condition Based Monitoring Report n
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2. MEASUREMENT TOOLS
2.1. INSTRUMENTATION

The following equipment was used to conduct the portable vibration survey measurements.

“AMS 2140 Machinery Health Analyzer”

A 2Ny st A

3. VIBRATION RESULTS
3.1. VIBRATION RESULTS
3.1.1. OVERALL VIBRATION RESULT
e See Appendix

3.2. CONCERN EQUIPMENT ANALYSIS RESULT

1 GT11 Main Lube Oil Pump No.1 (11MBV21AP005) Zone D

2 GT11 Main Lube Oil Pump No.3 (11MBV23AP005) Zone C

3 GT12 Main Lube Oil Pump No.3 (12MBV23AP005) Zone C

4 HRSG11 CPH Pump No.1 (11LAA10AP001) Zone C

5 ST Lube Oil Vent Fan No.1 (10MAV10ANOO1) Zone C

6 ST Lube Oil Vent Fan No.2 (10MAV10AN002) Zone C
11/19/2021 Condition Based Monitoring Report B

Condition Based Monitoring Report GNNK Power Plant JGULF

1. GT11 Main Lube Oil Pump No.1 (11MBV21AP005)

Power: 21 kW Rated Speed: 2,990 rpm

Condition Based Monitoring Report GNNK Power Plant JGULF

Periodic Velocity Check (mm/s) RMS Parameter

Recorded Date Motor Pump
(MM/DD/YYYY) NDE DE DE NDE
H v A H 1 A H v A H v A
11/03/21 7.874 - 3436 2425 1.013 - - ° ° - -
08/20/21 2.878 2498 - 1496 1.068 0.543 - - - - - o
04/29/21 4.340 2970 - 2370 1.750  1.220 - - - -

Table 2 Overall Vibration of GT11 Main Lube Oil Pump No.1

m Y

Motor Horizontal

1l

Axial

Figure 1 Measurement Location of GT Main Lube Oil Pump
Acceptance Criteria

Zone Limits 1SO 10816-3: Group 2
Zone AIB 2.30 mm/s rms
Zone B/IC 4.50 mm/s rms
Zone C/ID 7.10 mm/s rms

Table 3 1SO 10816-3 Group 2.

Investigation Result

The maximum vibration casing occurred on horizontal of motor NDE position, which is 7.874 mm/s rms
the machine is in “zone D", refer to ISO 10816-3 Group 2.

The running speed frequency is at 43.18 Hz (1X RPM). Dominant frequency occurred at 43.18 Hz (1X

RPM). the possible root causes are
@ Structural looseness

®  Unbalance

11/19/2021 Condition Based Monitoring Report n

Spectrum Analysis
Motor NDE
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Figure 2 Spectrum Analysis of GT11 Main Lube Oil Pump No.1

Remark 1XRPM of Main Lube Oil Motor varied by it speed from the power source

Recommendations
®  Follow up trending of vibration signal and take condition monitoring closely every month and confirming
the vibration amplitude on next measurement.

®  Re-tightening motor connecting flange.

11/19/2021 Condition Based Monitoring Report -
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2. GT11 Main Lube Oil Pump No.3 (11MBV23AP005)

Power: 21 kW Rated Speed: 2,990 rpm

Periodic Velocity Check (mm/s) RMS Parameter

Recorded Date Motor Pump
(MM/DD/YYYY) NDE DE DE NDE
H v A H v A H v A H v A
11/03/21 4.482 - 1.389 2.286 1.455 - - - - - -
08/20/21 2442 2467 - 1.867 1172 1.103 - - - - - -
04/29/21 4.080  2.800 - 2.060 1.590 1.330 - - - - - -

Table 4 Overall Vibration of GT11 Main Lube Oil Pump No.3

m Y

Motor Horizontal

1

Axial

Figure 3 Measurement Location of GT Main Lube Oil Pump
Acceptance Criteri

Zone Limits 1SO 10816-3: Group 2
Zone AIB 2.30 mm/s rms.
Zone B/IC 4.50 mm/s rms
Zone C/D 7.10 mm/s rms

Table 5 SO 10816-3 Group 2.

Investigation Result

The maximum vibration casing occurred on vertical of motor NDE position, which is 6.589 mm/s rms the

machine is in “zone C”, refer to ISO 10816-3 Group 2.

The running speed frequency is at 42.34 Hz (1X RPM). Dominant frequency occurred at 42.34 Hz (1X
RPM) and 220.25 Hz. the possible root causes are

®  Structural looseness ® Unbalance

®  Defect on rolling element of NDE bearing (218.795 Hz)

11/19/2021 Condition Based Monitoring Report n
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Spectrum Analysis

Motor NDE
0.5X rpm (23.42 Hz) 11202123143 Pl
P X T (42:34 Hz) by
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g £
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Figure 4 Spectrum Analysis of GT11 Main Lube Oil Pump No.3
Remark 1XRPM of Main Lube Oil Motor varied by it speed from the power source
11/19/2021 Condition Based Monitoring Report n

Condition Based Monitoring Report GNNK Power Plant JGULF

Recommendations
® Follow up trending of vibration signal and take condition monitoring closely every month and confirming

the vibration amplitude on next measurement.

Swap to standby unit, Plan overhaul and replacing bearing during shutdown

® Re-tightening motor connecting flange.

Reference

@ Frequencies

Rotationl frequency. Frequency of over-rll

E—p— — g gmeme g g

ahout i s Roliing element
\ . f . f o (10 s
ome1222 423t 0 17216 109397 51238 172162 218795
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3. GT12 Main Lube Oil Pump No.3 (12MBV23AP005)

Power: 21 kW Rated Speed: 2,990 rpm

Periodic Velocity Check (mm/s) RMS Parameter

Recorded Date Motor Pump
(MM/DD/YYYY) NDE DE DE NDE
H v A H 1 A H v A H v A
11/03/21 2.435 = 0.650 1.726  0.523 - - - - - -
08/20/21 2171 2.629 = 0.956 1.186 1.615 - - - - - -
04/29/21 o 1.180 1220 1.130 - -

Table 6 Overall Vibration of GT12 Main Lube Oil Pump No.3

m

Motor Horizontal

L

Axial

Figure 5 Measurement Location of GT Main Lube Oil Pump
Acceptance Criteria

Zone Limits 1SO 10816-3: Group 2
Zone AIB 2.30 mm/s rms
Zone B/IC 4.50 mm/s rms
Zone C/D 7.10 mm/s rms

Table 7 1ISO 10816-3 Group 2.

The maximum vibration casing occurred on vertical of motor NDE position, which is 6.589 mm/s rms the
machine is in “zone C”, refer to ISO 10816-3 Group 2.
The running speed frequency is at 41.47 Hz (1X RPM). Dominant frequency occurred at 4147 Hz (1X
RPM) and 212.90 Hz, the possible oot causes are
®  Structural looseness ® Unbalance

® Defect on rolling element of NDE bearing (214.299 Hz)

11/19/2021 Condition Based Monitoring Report
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Spectrum Analysi
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Figure 6 Spectrum Analysis of GT12 Main Lube Oil Pump No.3

Remark 1XRPM of Main Lube Oil Motor varied by it speed from the power source
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Recommendations

® Follow up trending of vibration signal and take condition monitoring closely every month and confirming

the vibration amplitude on next measurement.
®  Swap to standby unit, Plan overhaul and replacing bearing during shutdown

®  Re-tightening motor connecting flange.

Reference

@ Frequencies

Rotatianal frequency Frequency of aver-roling

el Cro Raling clement Roting ctement Palnt on outer

gl abourt e w0 i Ting Ty teme
. f f " n fo =
awemzz 44 0 16862 10769 26076 18626 a6z

SKF Bearing Select
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4. HRSG11 CPH Pump No.1 (11LAA10AP001)

Power: 30 kW Rated Speed: 1,470 rpm

Periodic Velocity Check (mm/s) RMS Parameter

Recorded
Motor Pump
Date
NDE DE DE NDE
(MM/DD/YYYY)
H v A H v A H 1 A H v A
11/03/21 1.093 0.721 0.708 0.602 4.949 2.848 1.585 2.102 1.329 1.638
08/20/21 1.901 0.955 0.637 1.959 0.634 0.780 0.533 0.421 0.503 0.928 0.302 0.400
04/29/21 0.280 1.000 0.840 0.330 0.250 0.230 0.940 0.370 0.280 0.700 0.660 0.700

Table 8 Overall Vibration of HRSG11 CPH Pump 1

o ) B B [ o |
4

| ot =

Figure 7 Measurement Location of HRSG CPH Pump
Acceptance Criteri

Zone Limits 10816-3 Group 2
Zone AIB 1.4 mm/s rms
Zone BIC 2.8 mm/s rms.
Zone C/ID 4.5 mm/s rms.

Table 9 Acceptance Criteria HRSG CPH Pump
Investigation Result

The maximum vibration casing occurred on vertical of motor NDE position, which is 3.599 mm/s rms
the machine is in “Zone C”, refer to 10816-3 Group 2
The running speed frequency is at 49.17 Hz (1X RPM). The source of vibration is high frequency noise

floor which are the sign of looseness.

11/19/2021 Condition Based Monitoring Report
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Figure 8 Spectrum Analysis of HRSG11 CPH Pump 1
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Recommendations

- Tightening structural supports if vibration doesn't decrease, perform as follow.
a) Uncoupling and solo run test to confim source of vibrations

b) Plan overhaul

11/19/2021 Condition Based Monitoring Report
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5. ST Lube Oil Vent Fan No.1 (10MAV10AN001

Power: 1.5 kW Rated Speed: 2,880 rpm

Periodic Velocity Check (mm/s) RMS Parameter

Recorded Date Motor
(MM/DD/YYYY) NDE DE
H v A H v A
11/03/2021
08/20/2021 1.604
04/29/2021 1.760 1.130

Table 10 Overall Vibration of ST Lube Oil Vent Fan No.1

— Motor =

Figure 9 Measurement Location of ST Lube Oil Vent Fan No.1
Acceptance Criteria

Zone Limits 1SO 10816-1: Group 1
Zone AIB 0.71 mm/s rms
Zone B/IC 1.80 mm/s rms.
Zone C/D 4.50 mm/s rms

Table 11 Acceptance Criteria ST Lube Oil Vent Fan
Investigation Result

The maximum vibration casing occurred on axial of motor NDE position, which is 4.143 mm/s rms the
machine is in “Zone C”, refer to 10816-1: Group 1
The running speed frequency is at 48 Hz (1X RPM). Dominant frequency occurred at 48 Hz (1X rpm)

and its harmonic on all axis of motor which considered to be signs of rotating looseness.

11/19/2021 Condition Based Monitoring Report

Condition Based Monitoring Report GNNK Power Plant JGULF

Spectrum Analy:

Motor NDE
1X rpm (48 Hz) 22021 30411Pl
g 2t - Roue
T e / By o0
£ i 2X Tpm (96 Hz) mis-azt
§ i el
g i prives
Zom
H A A | i
Feaunr
1122021 30811 P
g o X Tpm (48 Hz) s,
. Fre
T i 2X rpm (96 Hz) Fncry
£ fu et
T i
S Gom L
i T '
F - & E3 oo
f—
1122021 30811 P
Lo __1Xrpm (48 Hz) e
5 e P 2X rpm (96 Hz) Fi i
EEE — Bl
< i e
H N 8
E r ok = o
[
Motor DE
1X rpm (48 Hz) 1122021 305 12PM
e Rate
= f2e 2X rpm (96 Hz) 3755y 0o
£
§  iu /
8
2 e
H 4
[
1122021 3051271
oo rato
H X rpm (48 Fiz) e
i Froir s
5 / oo oo
g fw Fona 20300
£ i i
s 3 l
ER
H vl
f—
021 305 126M
o35 1X rpm (48 Hz) o
3 Sivo0
5 2X rpm (96 Hz) miesss
g i Fita 29900
< faa (4300
Sor
H A !
£ F £ & o
fe—

Figure 10 Spectrum Analysis of ST Lube Oil Vent Fan No.1
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Recommendations

Follow up trending of vibration signal and take condition monitoring closely every month

- Support tightening and reinforcing
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6. ST Lube Oil Vent Fan No.2 (10MAV10AN002)

Power: 1.5 kW Rated Speed: 2,880 rpm

Periodic Velocity Check (mm/s) RMS Parameter

Recorded Date Motor
(MM/DD/YYYY) NDE DE
H v A H v A
11/03/2021 1.570 1.057
08/20/2021 1.355
04/29/2021 1.380 1.070

Table 12 Overall Vibration of ST Lube Oil Vent Fan No.2

Figure 11 Measurement Location of ST Lube Oil Vent Fan No.2
Acceptance Criteria

Zone Limits 1SO 10816-1: Group 1
Zone AIB 0.71 mm/s rms
Zone BIC

1.80 mm/s rms

Zone C/D 4.50 mm/s rms

Table 13 Acceptance Criteria ST Lube Oil Vent Fan

The maximum vibration casing occurred on Horizontal of motor DE position, which is 3.868 mm/s rms
the machine is in “Zone C”, refer to 10816-1: Group 1

The running speed frequency is at 48 Hz (1X RPM). Dominant frequency occurred at 48 Hz (1X rpm)

and its harmonic on all axis of motor which considered to be signs of rotating looseness.
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Figure 12 Spectrum Analysis of ST Lube Oil Vent Fan No.2
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Recommendations

Follow up trending of vibration signal and take condition monitoring closely every month
- Support tightening and reinforcing
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4. VIBRATION ACCEPTANCE CRITERIA
4.1. ACCEPTANCE CRITERIA

® Use ISO standard for casing vibration ISO 10816
® Base line Criteria for 7SPP Group

4.1.1. MACHINE EVALUATION

Evaluation Scale

C: Short-term operation allowed

4.1.2. CASING VIBRATION

1SO 10816 Series Mechanical vibration

- Evaluation of machine vibration by measurements on non-rotating parts

Part 1: Guideline for general machines: Motor, Fan, Pump (not centrifugal type),
I1SO 10816-1: 1995

Turbine

1SO 10816-2: 2009 Part 2: Land-based steam turbines and generators > 50 MW with normal operation
speeds of 1500 r/min. 1800 r/min. and 3600 r/min.

I1SO 10816-3: 2009 Part 3: Industrial machines with normal power above 15 kW but not exceed 50
MW and nominal speeds between 120 r/min. and 15000 r/min. when measured in
situ.

I1SO 10816-4: 2009 Part 4: Gas turbine sets excluding aircraft derivatives, Gas Turbine 2 3 MW
(Speed 3000-30000 rpm), Fluid-film bearing

1SO 10816-5: 1995 Part 5: Machine sets in Hydraulic Power Generating and Pumping Plants
(Not Used)

I1SO 10816-6: 1995 Part 6: Reciprocation machines with power ratings > 100 kW

1SO 10816-7: 2009 Part 7: Rotor dynamic pumps for industrial application
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® 1SO 10816-1: 1995 (E)
Guideline for general machines: Motor, Fan, Pump (not centrifugal type), Turbine

R.M.S. Vibration
Class Il Class Ill Class IV
Velocity mm/s

Machine Group

Class | Small-sized machine <15kW

Class Il Medium-sized machines, 15kW to 75kW

Class Il Large-sized machines with rigid support <300kW

Class IV Large-sized machine with flexible support >10MW
® SO 10816-2: 2009 (E)

Steam Turbine > 50 MW, Machine

one bounda 00 or 1800 000 or 3600

AB 28 38
B/C 53 75
C/ID 85 11.8

Table A.1 — Recommended values for bearing housing or pedestal vibration velocity at zone

boundaries for large steam turbines and generators
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® SO 10816-3: 2009 (E)
Steam Turbine < 50 MW, Machine = 15 Kw (Speed 150-15000 rpm)
Group 1: Medium size machine: 300 kW < P < 50 MW

Motors: H = 350 mm

Support Class Zone boundary r.m.s. displacement r.m.s. velocity

um mm/s

AB 29 23

Rigid B/C 57 4.5

C/D 920 71

AB 45 35

Flexible B/C 90 71
C/D 140 11.0

Classification of vibration severity zones for machines of Group 1: Large machines with
rate power above 300 kW and not more than 50 MW: electrical machines with shaft height H =
350 mm
Group 2: Medium size machine: 15 kW < P < 300 kW

Motors: 160 mm < H < 350 mm

Support Class Zone boundary r.m.s. displacement r.m.s. velocity
pm mm/s

AB 22 1.4

Rigid B/C 45 28

C/D 7 4.5

AB 29 23

Flexible B/C 57 4.5
C/ID 90 7l

Classification of vibration severity zones for machines of Group 2: Medium-sized machines
with rate power above 15 kW to and including 300 kW: electrical machines with shaft height 160

mm < H < 350 mm
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Group 3: Pumps with separate driver, mixed flow and rate power above 15 kW

Support Class Zone boundary r.m.s. displacement r.m.s. velocity

mm/s

A/B 16 23

Rigid B/IC 26 4.5

C/ID 56 71

AB 29 3.5

Flexible B/C 56 71
C/ID 90 11.0

Classification of vibration severity zones for machines of Group 3: Pumps with separate

driver mixed flow and axial flow with rated power above 15 kW

Group 4: Pumps with integrated driver, mixed flow and rate power above 15 kW

Support Class Zone boundary r.m.s. displacement r.m.s. velocity
um mm/s

AB 11 1.4

Rigid B/C 22 238

C/ID 36 45

A/B 18 23

Flexible B/C 36 45
C/ID 56 71

Classification of vibration severity zones for machines of Group 4: Pumps with integrated

driver mixed flow and axial flow with rated power above 15 kW

11/19/2021 Condition Based Monitoring Report




Condition Based Monitoring Report GNNK Power Plant

VGULF

® SO 1081 009 (E]
Gas Turbine = 3 MW (Speed 3000-30000 rpm), Fluid-film bearing

AB 45
B/C 9.3
C/ID 14.7

Recommended values for bearing housing or pedestal vibration velocity at zone

boundaries for gas turbine

® 1SO 1081 995 (E]

Reciprocating machine, Power rating > 100 kW

Maximum value of overall vibration
Machine vibration classification number

Vibration Measured on the machine structure

Severity Displacement  Velocity  Acceleration 2 E 4 5

Grade pm (rm.s.) mis mis? (rm.s.) Evaluation Zone

(rm.s.)

NOTE - Vibration values for reciprocating machines may tend to be more constant over the life of the machine than for

rotating machines. Therefore, zones A and B are combined in this table. In future, when more experience is accumulated,

guide values to differentiate between zones A and B may be provided

ial and marine diesel engines may be classified in

er clas:
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® IS0 10816-7: 2009 (E|

Pumps for industrial applications (horizontal, vertical) — centrifugal type

Zone Description <200 > 200 kW <200 kW > 200 kW
KW
A 25 35 32 42
B 4.0 50 5.1 6.1
Limited Operation 66 7.6 85 95
D >66 >76 >85 >95
Maximum ALARM limit
50 63 6.4 79
(=1.25 times upper limit of zone B)
Maximum TRIP limit
83 95 106 19
(=1.25 times upper limit of zone C)
Preferred operating range. 25 35 32 42
In situ test
Allowable operating range 34 44 42 52
Factory acceptance Preferred operating range 33 43 42 52
test Allowable operating range 4.0 50 5.1 6.1

Pumps are classified in two categories:
Category | Pumps required to have a high level of reliability, availability or safety reasons, (e.g.
pumps for toxic and/or hazardous liquids, for critical application, oil & gas, special chemical
nuclear or power plant applications).
Category Il Pumps for general or less critical applications (e.g. pumps for non-hazardous liquids).
4.1.3. ADDITIONAL NOTE

Criteria for Reduction Gear of Gas Turbine and Steam Turbine can also be applied with
ISO 8579-2 too.

4.1.4 base line criteria for 7spp group

D
o Eauipment Baseline
T, | ManCooling Water ump
Impeller
3 ST Contral Ol
7.3] 3.6] aa] 80
s fesel Fiee pumy 150 Standard Reference :’—{
o " 150 standard R 9.7] 28| 53] 107

Remark: MCWP criteria is used for assessing condition of MCWP impeller
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WORK PERMIT FORM

P 2w

PREPARED BY COMPANY'S WORK SUPERVISOR (n3ondonili dnuama wwiing)
Date / Time: 24-Jan-2022 13:25 | Work Order No: 20242192 ‘Wnrk Permit No: | 1106011668
Locatios Functienal Location: Functional Location Description:

Cooling Arca

Requested by: (vooymalauwiinauuidng

In e-file no.

1106-CG-10PCC11APOO1

Shift Leader reviews attached Job Safety Analysis (354) [ [

AUX COOLING WATER PUMP

Inynawionm Jsa

A Copy of Job Safety Analysis (JSA)

Inummaonas ssA tugdardng

Lock-Out/Tag-Out

: (Mafienuazmsiiandaany)

O LOTO Required

LOTO Not required

Huzardous Work involved / Are other permits required? Mark each box as applicable (szyjlvoyannnuSunsisfifeatios)

I Chemicat Work Permit (vwfiifoafumsinil)

] Working at Heights over 1.8 m(nufidesunfigannnding s

-

VGULFJP

Activity

WORK ORDER

Preventive Maintenance

Work Order 20242192
I
Notification 10328902

L

AT

Note: (Other Comment)

Reported By

Accepted By

Completed By

[T Confine Space Entey Permit (sndluitsuoinin) [ Mechanical Work Permit (usadfiinnni1 6.8 v73 Wi gamigiigand1 65 °C) Name Name Name :
O c 2, Hot Work Permit Fou fifarszmetvluozanudon) [0 Radiation Work Permit ndifmiugid o,
- Date : 1A 91 Date s Date A
[ Etectrical Work Permit (n1s41vish > 380 vAC w0 125 vDC) 21 Stings, Rigging and Cranes Permit (a1il¥a, sontazmsy) [AViX Lﬁ/ \ / (Z? /24,
[ Excavation Work Permit (fidaayadnadharnndwiontii 100 s [ Other Work amiug sz
Nature of Work: (TouaTuresiwaziduavoas)
PM Motor Cooling
Hazards: (Fung i nszua'lbih, navdiy, usanddog, mani Wi
Stored Energy Source(s): (Widaazaumianuifiortodinan mu adng, 11da, i dhudu
Prepared by: (Work Supervisor) Date: A/ /11 [FEY)
Reviewed by: (Contractor) Date:
Reviewed by: (Operation Engincer) Date: I I}
Authorized by: (Shift Leader) Date: Y] V]
‘WORK PERMIT EXTENSION RECORD(shift by shift): (mssielueymn , nz fio nz )
Date Extension Request Extended Work Open Extended Work Close
Work | Operation [Shift Lcndurl Time Work | Operation [Shift Leader|  Time
Supervisor| Eng. Supervisor|  Eng.
Closing permit for first day, Permit needs to be extended.
WORK CLOSURE AND TAG-OUT RELEASE (mswollamavhanmzalasnisdon unzdandaaiy
1 have checked the equipment and concluded that: N ot Sofun al
Verified and reported by: Work Supervisor vate: | 74/1/21
Tag-Out Release by: (Shift Leader) Date: Work Completed|
Checked by: Opcration Engineer Date: bl
Wark Permit Closcd by: (Shift Leader) Date: )i YES| NO
ESMS-Sa-P-01:Permit-o-Work System Attachment_Al: Work Permit Form_Revo2
2/3
- WwWGULFJP Work Order 20242192 - WGULFJP Work Order 20242192
— WORICORDER Iy WORKCORDER Ly
Preventive Maintenance Notification 10328902 Preventive Maintenance Notification 10328902
General
Main Work Center  ME1-GNNK - Electrical Priority 3-Routine (30 Days) Object List
PM Activity Type ~ PM1-PM-Time base Requested Date  01-Jan-2022 01:25
N No Functional Location Fune. Loc. Description Serial
Revision Status REL  StatusDate  24-Jan-2022 10:32 Number
Reference Object 1| 1106-CG-10MAG11APOOI- | MAIN CONDENSATE PUMP-1 MOTOR
MoI
Functional Location  1106-CG-10PCC11AP001 AUX COOLING WATER PUMP
R 2 | 1106-CG-10MAGI2ZAP001- | MAIN CONDENSATE PUMP-2 MOTOR
Equipment MO1
Warranty Expire Date  31-Mar-2015 3 | 1106-CG-10PAB91ANOOI- | COOLING TOWER FAN-1 MOTOR
Requested For Date Start End Duration (Hrs) Mol
4 | 1106-CG-10PABY2ANOOI- | COOLING TOWER FAN-2 MOTOR
1Y.PM CTW(ACC) MOTOR Notif, Require 01-Jan-2022 31-1an-2022 168.0 MO1
Order Basic 03-Jan-2022 1-Jan-2022 56.0 5 | 1106-CG-10PAB93ANOOI- | COOLING TOWER FAN-3 MOTOR
Order Actual 00 Mol
Responsibilities Work Instruction 6 Il\/:gf-CG-IOPBNI 1APO01- | NAOCL DOSING PUMP-1 MOTOR
Requested By Maintenance Plan  E106XL21-002 1106-CG-10PGC11AP001-MOPM 7 | 1106-CO-10PBN 12AP00L- | NAOCL DOSING BUMP-2 MOTOR
Responded By Task List E106XL23 1Y PM LV & MV MOTOR Mol
Lead Engineer 8 | 1106-CG-10PBN21APO0I- | H2804 DOSING PUMP-1 MOTOR
Mol
Planned Lab
o A 9 | 1106-CG-10PBN22AP001- H2804 DOSING PUMP-2 MOTOR
Op# | SOp# Description Work | No. [Duration| PR No. Remark Mot
Oirs) (irs) (€ abormal) 10 | 1106-CG-10PBN31APO0I- | SCALE CORROSION INHIBITOR PUMP-1
0010 1Y PM LV & MV MOTOR 55.0 1 55.0 Mo1 MOTOR
0010 | 0010 | Coordinate operation open work permit 0.5 ! 05 11| 1106-CG-10PBN32AP001- | SCALE CORROSION INHIBITOR PUMP-2
0010 | 0020 | Open terminal boxes cover to inspection 3.0 1 3.0 Mol MOTOR
0010 | 0030 | Insulation test power cable 10.0 1 10.0 12 | 1106-CG-10PCCITAPOO}- AUX COOLING WATER PUMP-1 MOTOR
0010 | 0040 | Inspection DC motor carbon brush (If 100] 1 100 Mol
i 13 | 1106-CG-10PCCI2AP002- | MOTOR AUXILIARY COOLING WATER PUMP)
0010 | 0050 | Insulation winding resistance test iso] 1 150 Mol 2
0010 | 0060 resistance 40 1 40 14 IIVII(())IE—CG—!OPGCI 1APOO1- ll:/gzgl: CLOSED COOLING CYCLE WATER
0010 | 0070 | Measurement winding temperature sensor 4.0 1 4.0
(i appli 15 | 1106-CG-10PGC12AP001- | MOTOR CLOSED COOLING CYCLE WATER
MO1 PUMP 2
0010 | 0080 | Measurement resistance for space heater 3.0 1 3.0
(f
0010 | 0090 | Re-tighten bolt and riut on motor 3.0 1 3.0
0010 | 0100 | Record results on inspection sheet 20 1 2.0
0010 | 0110 | Close work permit, Time confirm and TECO 0.5 1 0.5
‘Total Operation Duration 55.0

Damage / Problem

Cause
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Performance & Techrieal Information

Do, Fin,

SIEMENS 1caze797
SGT-860 ?("’- tnd.
BT, Pogs
X200008E 1{2)
Gas Turbine Data
General Identification
Type Industrial
Model SGT-800
Applications Simple eycle, Power Generation
Cogeneration cycle
Combined cycle
Number of shefts 1
Gas Turbine
Dwive shaik position Cold end
Axial flow

Typs of compressor
Number of compressor slages

Number of compr. exiractions
Pressure ratio

Neming] output (net}
Nominal heat rata (net}

Nominal efficiency (net)
Nominal exhaust fow

Nowminal exhaust temperature

Type of turbine
Number of turbine stages

Turbine inlet lemperature
Rotor weight (including blading)

Rotor construction

SE-612 B3 FINSPONG, Sweden

15 stages total (3 stages with

variable guide vanes)

5 (3ed, Sth, 8¢h, 10th and 15th stage)

19:1 (at ISO and N.G, fael)

47 MWe (2t 1SO and N.G. fuel)

9600 kI/kWh (at ISO and N.G. fuel)

2100 Bru/ikWh (at IS and N.G. fuel)

375%

131.5 kg/s (at 1S0 2nd N.G. fuel)

289.9 Ibsfs (at 1SO and N.G. fuel}

544 °C {atJSO and N.G. fuel)

1011 °F (at ISO and N.G, fuel)

Axia] flow

3 {Stage 1: Film cocled; Stage 2; Convestion
conled; Stage 2! Non-cooled)

1200 °C {average thermodyn. mixed gas teip.)
2192 °F (average thermodyn. mixed gas temp.)
7860 kg

17328 Ib

Electron beam weldsd compressor, bolted turbine discs

Siemens brdustlal Turbomachingry AR

Busad ant  X2p000REG

Rof.dess
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SIEMENS

Performance & Technical Information

SGT-800

Dee, Ho,
10526797
Rev, ind,

K

GTiNa.

X200008E

Paggu
2(2)

Neminal rotor speed

Thirust berring type
Jougnal bearing type
Nominal thrust foad

Type of combustor

Numkber of burners
Burners type

SE-G1Z BI FINSPONG, Swadn

6600 rpm
fnfter gear (4-pole} = 1500/1800 rpm]
[nfter gear (2-pole) = 3000/3600 rpiny)
Tilting pad (forced lubrication)

Tilting pad (forced lubrication)

200000 N
44962 b

Single fuel or dual fuel
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J for the operation of the ati 3 ez and &b wet climb or stand on
fally developed for . X
jentification can he viewed on

1.2 Unloading

‘mg provieus sesign of theze Fan
chemically aggresslve envir ts,
and with low matntenance.

i The Blades can be shipped in two
specific unloading procedures as foltows

t of package with

Al piel:es fmm the same prolect are

intarch inciuding kitad . discs snd goupling Hanges.

- Wodden Shipping Fixture (blades, b

s or-smal shipping
ﬂ far installation, §

TR ‘,prefmhiym-uto
However, thay cim

protected agalnst
againzt continuous
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e structural resistance of the
promising the ot

rong tmpm can also d:nr:s
hisiu or their aerody ic shap
f-n performance.

Iu order to puil the frames out of the centainer, tie off a steel
eable or a rope able to hold 2 tans By the eyes in the metallic
structure (figure 05), Move i out of container until to be
possible the use of fork lift, as indicated infige 04,

being mmm’hla always. to h.y them an
pwmctsd surhm yra!qaﬂyon cushioned suppb

et e,
s e,
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a different order sotirce, since the
tribution can couse strong vibration
tools' manufacturers that nbhalance. 1 ¢ cause scrious damages to the
’coull be used to install the However, below there is a
small TSt of recommended foolsyand equipments for fans

he performed hefore
first to the Fan Casing

{DESTHpIoN | abdimatedal:

retracting wechanism to be used whel
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figure 08 it tan ke noticed that thore is only ene
Ying flange {seo red fine on part #1} that

=5 { 02 fop holes, 02 bottam holes and 01 nigert the. o o rout {neck) of the biade in the hub, holding
%‘Eimz. Instat] the superinr dize ljart #2)

g I be high h
the hub, while silowing the

- pen in;rtemng the superior dity, confirm that {here are fwo pal axis for the adiustment of

- FgmnltY holes on the supsrior disg (see the circles in ved on
figure 09} aligned with the 05 bofestnf the coupling flange (he

. smaginary line dovstibed beve). In thiSgay it Wi have 07 holes

ligned on the by {65 heles pn coupling fiange and B2 oa
supevior dise). The bblts can be tight at his moment, 2 not . G5 j [r——
apply the fnal torgue yet. .. b fatiag camis

eing the elamps {se
the Gip of Blade ueti

Bethe Ll RN AN

rolating tl:e mfsriolj £
holos or bath dineg 'mah:ﬁ.
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Adiusting the Plich Angle

calemlated for the desired aporational
cular spplication  through TECSIS
2 The ifom 7.4 ~ Fan Data
operativnal condifion for the

dust, etc,), elean both
mm‘aces with Luctite® Electricel Gondact and Paris Cleaner.
‘fhen, wait the cleaner to dry {15 secohiis]

@ ruler (or any instrument B
positiored wt S0mm
The pitch angie I

“qrom the tip of biode (sew figure
measured with fan in the orizontal bo

. With the pitch angle adiasted and &
tartzontal position, tghten {he bolfs in a Croms sequance, (see
figure 11,), with am fulial teque of TORQUE A, Then, gradually
& up to e Tinal
gleannd with

The biade pitch ung‘e should be adiusted
withs & 1 of 3= 0.5 &

Jse indicated value

to aveid an
f the blado
flubricated

TR T mzu A.@w instesd of

ohd of this

to the fiasl value
ecified torque at all
accommodation {when
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pre, alter tightening the bolts, start the fan,
ihen cheek fhe torque, Do this until have

. : aﬁ'ﬁgitt“wmz same hm&e‘%
The :orquu mﬁst also be cked again ofter 24 hours of

 opgrath tian B order €0 c% ntate  possible  material
e acuommadauons. which could uce the smface pressure
app’heﬂ by the metallic ciamps on th

5.2 Hul's Bolks

uds agcording le TECHIS drawings

iade rook.

“fo 4Bt & perfect balance of the rator, 13
that the biade root stop is in frm contad h the metaliic grip
face and, therefore, thore would he no e vatiation of the
radial position (lade tip related to root Yace) mmdimum of
V"‘(+‘A",ir

important to assure

Tae bladc lp,stunlng skall also be done chserving A mauirom
vatiation in the vemcnl position (hade tip galated to the
rotationat p;ane)n‘fit’l ")- o

delpesry o

-4

) 0 Fan
DR ph T D Y I

fan joints
lade's bolts;

rotation and ampis
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on and Maintenance

k, apply Loctite@ S0 {thread Jocket)

ut 40 drops) and wait 12 hours f al maintenance of the blades and

af  visual Inspectionz are
rall conditions ef the biade

of operation and after that
removat of any depocifs

5. Fontiab 658 pets to
. !&Ka mﬁ;mmmmm

“HMMQQPM
it = Opyve 18;

After a long tirme of op ion, the for may e and
smali er:nks tapproximately Twmm) may spppar. This does not
means thn{ any reduction of the struc Inteyrity has
cky Wmay be an
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rg and storage; fans Inatallation in
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