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GC Maintenance and Engineering Co., Ltd. January 2025

Vibration condition monitoring

1. Executive Summary
Measurement Start-Finish: 14 and 27 January 2025

Measurement plan 93 Equipment.
Checked 13 Equipment.
Machine did not operate 80 Equipment.

As show in Fig 1 And Table 1

-Checkedé
Co14%

Maching did not |
operate
86%

@ Checked = Machine did not operate

Fig 1

Table 1: Summary of Collected of vibration on PTT GC7 BTF

ttem/Status Measurement plan Grand Total
Unit 93 93
Percentage 100% 14% 86% 100%
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GC Maintenance and Engineering Co., Ltd. January 2025

During this period, GCME has collected a vibration data are 13 Equipment. The result can be
categorized into each severity kindly see attachment more detailed as following list.

Stage D {Danger) 'Stage C (Alarm) |
1} - - ‘ i

0% 8% ?

Stage A {Good) . . Stage B {Fair}:?
5% . '

R Stage D (Danger] - Stage C {Alarm)  # Stage B (Fair) @ Stage A {Good)

Severity . :t'a:gé__c'(.@\farhj).-.__." ! Grand Tota}

Unit 0 1 5 7 13

Percentage 0% 8% 38% 54% 100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shall be interpreted
technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSON CSI whose model
is “CS12140; SN: B21402218840 and SN: B21401205571” equipped with an industrial standard
accelerometer (CTCSN: 22730 and CTC SN: 323737) Software used for analysis is AMS Machinery
Manager.
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GC Maintenance and Engineering Co., Ltd.

January 2025

3. Reference Standard
In order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by

international organization shall be referred to.

PTTGC and GCME agreed to officially apply 15010816-3 standard for vibration severity
assessment for any equipment operated in Refinery plant (PTTGC Branch 6). The vibration
severity chart which is an excerpt from 1S010816-3 is shown as the following table herewith.

150 10816 Part 3

Indastrisl Machines with abore 15EW 120 rpm and 15,000 spam vehion measured inciln
Vebotdy Pemps> 15kW Mediium Size Kachines Lame Machines
181800 s, v> 600 s Radial, Atisl, Mived Firw 15 kW < Power < 300 KW | 300 kW < Power < 50 W

1.1008Hx, r> 120 el Groxp Growp3 Croup2 Groxp 1
cd Dufver | FriersatDuiver | B0 e < Molor Deipht <315 ma 315 e < Moldor Eleiph
Lioxit, s, 1o : Rigel d Flexkie
>3
11p-148
11-118

£5-11
35-45

Newly Commissioned

Unrestriced Jong-tenm operation
| Restriced long-term operation

Vibration causes damape

Vibration Peakvue Acceleration Severity

B S—
Speed of Machine (RPM} tagec (ALARM)
500 £0.56 >0.56-1.41| >1.41-5.08 >5.08
1000 £1.13 >1.13-2.82 | >2.82-9.87 >9.87
1500 <1.68 >1.68-3.95| »395-11.28 >11.28
3000 £3.95 >3.95-8.46 | >8.46-28.2 >28.2
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4. Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

Requires Immediate Attention,

A level of vibration severity at which the probability of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 ~
Pumps > 15 kw Medium sized machines Large sized machines §,
radial, axial, mixed flow 15 kW<P<300 kw 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H 5
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
>45 >71 >71 =11 >45 >71 >71 >11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 5?
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>1.8 >3.5 >10 ”
Stage 3: «Stage C (ALARM)" Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from well designed and
constructed machinesiequipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibration does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kw<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm<H &
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
»28-45 >45.71 »45-71 >7.1-11 >28.45 »45-71 >45.71 >71-11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm (}?
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 ar 3600 RPM ‘é
>0.5 >1.0 >3.0 v
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Stage 2: g6 B | . Keeps Monitoring Failure Trend.

A vibration se:}ertty level that is readily achieved by the great majority of machine
that is well designed and constructed.

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?—,
radial, axial, mixed flow 15 kW<P<300 kW 300 kWw<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H &
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible E
»14.28 >23-45 »>23-45 »>35.71 >14-28 »23.45 »23-45 »35-71 m
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) '5?:‘
Dia between 200 & 500 mm Diz between 50 & 300 mm Dia between 20 & 150 mm :,:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM ;;o
>0.2 >0.4 > 1.4 <
Stage 1. Fault in low level.
The lower limit that could be reasonably expected from the best application of
the normal commercial manufacturing practice.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kWw<P<300 kW 300 kW<P<50 kW g
integrated driver Externai driver Motor 160mm < H <315mm Motor 315mm < H &
Rigid Flexible Rigid Flexibie Rigid Flexible Rigid Flexible E
<14 <23 <23 <35 <14 <23 <23 <35 <
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm E:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
502 <04 <14 <
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5. Vibration Summary Report

Please see the attached table of “Vibration Summary Report”

1 N-P-6871R G ) Stage C [Alarm]) new entry.

falaeeyil Engine: Normal condition.
Gearbox/Pump: Pump had
misalighment problem. (Possible to
coupling and DBSE abnormal.}

Engine & Pump:

1. Should be consider stop P-6871R to
standby mode and action as below step.
2. Should be check coupling include
rubber joint condition. If found damage
should be replace new.

3. Should be recheck DBSE. If found over
limit by refer OEM should be adjusted,
4, Should be re-alignment with high
accuracy by refer OEM.

5. Short-term, should be keep monitor
trend of vibration and Peakvue mode in
bi-weekly interval,

6. Vibration Analysis Report

Any equipment whose vibration severity “Stage C (Alarm) and Stage D (Danger)” are explained an

analysis detail separately. Please see each of them as attachment.
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Vibration analysis report for GC7_BTF Plant

Tag: N-P-6871R Machine name: FIRE WATER PUMP Inspected by: Natdanai T.
Severity: Stage C {Alarm) Date of data measurement: 14 January 2025 Analyst by: Warut K.

Main problem: Routine, Pump had misalignment

) Review by: Warut K.
aroblem. (Possible to coupling and DBSE abnormat.)

Area: GC7_BTF

Reference criteria

Standard Stage C {ALARM) Unit

1SO-10816 part & {Engine} Class v s14.1 >14,1-28.2 >28.2-44.6 >a4.6 ";"n;gs
Statistical alarm Acceleration of Peakvue mode <10.5 >10.5-16.4 »16.4 - 18.5 >18.9 Pi:—"!(
- ; mm/s

Statistical alarm velocity of pump <279 »27.9-55.9 »55.9-74.6 >74.6 ams

Remark: 150-10815 provides specific guidance for assessing the severity of vibration measured on machine in steady state, thus GCME will considers the magnitude
of vibration, the changes in the magaitude and frequeney for judging the severity of vibraticn.
Statistical alarm was calculated from historical measurernent mare than 10 times.

Machine description and vibration measurement point
5 Engine
Manufacturer: CATERPILLAR
Type: DIESEL {CAT 3406C)
Power: 217-359 kw
Speed -1,750-2,300 rpm
DE Bearing: NfA
NDE Bearing: N/A
Pump
Manufacturer: Bombas vertical gear pump
Type: N/A
Shaft input speed (P1, P2): 1,750-2,300 rpm
DE Bearing:
NDE Bearing:
Shaft output speed {P3, P4): N/A
DE Bearing: N/A
NDE Bearing: NfA
Tooth of Gear /High speed: NfA
Tooth of Gear /Low speed: N/A
GMF1 = N/A

i1jPage



Vibration analysis report for GC7_BTF Plant

Vibration analysis
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Inspection Findin
*  Engine:

1. The overall velocity of vibration at point E2 Engine DE in horizontal direction was slightly decrease from 10.52
to 10.19 mm/s, RMS. The FFT spectrum shown dominant peak at 1x of engine speed and amplitude is in limit.
Engine is in normal condition. {Fig 1}

2. The overall acceleration of Peakvue mode at peint E2 Engine DE in horizontal direction was stightly increase from
15.63 to 15.78 G's, Pk-Pk and enter to “Stage B {Fair}” severity by refer statistical alarm acceleration of Peakvue
mode. The FFT spectrum shown dominant peak at 0.5x, 1x of engine speed and them harmonics which indicate
to mechanical looseness probiem.( Suspect to coupling and misalignment due to DBSE prablem) (Fig 2}

»  Gearbox/Pump:

1. The overall velocity of vibration at point P3 pump output shaft DE in horizontal direction was more increase
from 46.84 to 61.64 mm/s, RMS and enter to “Stage C (Alarm)” severity by refer statistical alarm, The FFT
spectrum shown outstanding at 1x of pump input speed which indicate to misalignment problem. (Possible to
coupling and DBSE abnormal.} (Fig 3}

2. The overall acceleration of Peakvue mode at point P3 pump output shaft OE in horizontal direction was slightly
increase from 1.10 to 1.38 G's, Pk-Pk. The FFT spectrum did not show bearing defect signal. (Fig 4)

3, The overall velocity of vibration at point P1 pump input shaft DE in horizontal direction was increase from 38.60
te 50.65 mmy/s, RMS. The FFT spectrum shown outstanding at 1x of pump input speed which indicate to
misalignment problem. (Possible to coupling and DBSE abnormal.) {Fig 5)

Conclusion
®  Engine; Normal condition.
»  Gearbox/Pump: Pump had misalignment problem. {Possible to coupling and DBSE abnormal.)

Recommendation
= Engine & Pump:
Should be consider stop P-6871R to standby mode and action as below step.
Should be check coupling include rubber joint condition. If found damage should be replace new.
Should be recheck DBSE. If found over limit by refer OEM should be adjusted.
Should be re-alignment with high accuracy by refer OEM.
Short-term, should be keep monitor trend of vibration and Peakvue mode in bi-weekly interval.

Vih W e
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N-P-6B71R

N=-p-6871R

N-P~E871R

K-P-6871lR

N-P=-6B71R

H-P-E6871R

N-P-~687LR

Database: GC7_{(BTF).zbm
hrea: Ge?

Period Reported: (8-Oct-24 T

Appendix A
Overall vibration

e 15-Jan-25

Equipment 1l: FIRE WATER PUMP (DIESEL)
DATE TIME OVERALL
- ElH~-Engine Outboard Horizontal
mm/ Sec
08«0Oct~-24 15:31 10.54 ~~> After 6th re-alignment, adjust DBSE and recheck coupling.
08«0ct~24 16:17 10.52
15-0Oct=-24 14:25 10,36
05-Nov-24 14:26 10.49
03-bec—-24 10:25 11.93
14-Jan-25 10:28 12.82
~ EiP-Engine Outboard Horz Peakvue
G-s8
08-Oct-24 15:31 12.25
08-Oct-24 16:17 12.00
15-0Oct-24 14:25 15.60
05-Nov-24 14:26 13.90
03-Dec-24  10:25 20.30
14-Jan-25 10:28 17.27
- ElV-Engine Qutboard Vertical
mr/ Sec
09-0ct-24 15:31 8.932
08-Cct-24 16:17 7.440
15-Cat-24 14:25 7.367
05-Nov-24 14:27 7.633
03-Dea=-24 10:25 8.635
14-Jan-25 10:28 B8.294
~ ElA-Engine Outboard Axial
mm/Sec
08«0ct-24 15:31 8.956
08-0ct-24 16:18 8.737
15-0gt-24 14:25 11,64
05-NHov~24 14:27 8.881
03-Dec-24 10:26 5.845
14-~Jan~25 10:28 10.79
= EZB=Engine Inboard Horizontal
mm/Sec
08-0Oct-~-24 15:32 16.41
08-0ct-24 16:18 13.73
15-0ct-24 14:286 14.29
05-Nov-24 14:27 13.85
03-Dec-24 10:26 10.52
1l4-Jan-25 10:29 10.19
~ E2P-Engine Inboard Horz Peakvue
G=-s
08-0ct-24 15:32 10.66
08-0at—24 16:18 10.29
15-0ct-24 14:26 i4.32
05=-Nov=24 14:27 10.96
03=-Dea=-24 10:26 15.63
14-Jan-25 10:29 15.78
~ E2V-Engine Inboard Vertical
mm/Sec
08-0ct-24 15:32 6.822
08~0ct~24 16:18 6.281
15-0Oct~24 14:26 6.679
05-Nov-24 14:28 5,563
03-Dec-24 10:27 7.462
14-Jan-25 10:29 8.394
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N-2~6871R =~ E2R-Engine Inboard Axial

08-0ct-24 15:32 9.685
08~0ct-24 1i6:18 8.611
15=0ct=24 314:26 9.41%
05=Nov-24 14:28 8.883
¢3-Dea~24 10:27 10.01
14-Jan~25 10:29 31.12

N=P~6871R ~ PlH~Pump Inboard Horizontal

Q8-0ct-24 15:33 25.25 -«» After 6th re-alignment, adjust DBSE and recheck coupling.
08-0ct—-24 16:19 27.07
15-0ct-24 14:26 24.17
{5-Nov-24 14:28B 25.44
¢3-Dec-24 10:21 38.60
14-Jan-25 10:30 50.65

W-P-6871R - PLP-Pump Inboard Hoxz Peakvue

G-3

08~0Oct=-24 15:33 5.686

08-0Oct~24 156:19 3.397

15-0ct~24 14:26 3.77¢

D5-Nov~24 14:28 2.303

03-Bec~24 10:21 1.509

l4-Jan-25 10:30 2.086

N~P-6871R = PLV-Pump Inboard Vertical

mm/Sec

08-0ct~24 15:33 13.16
08-Cat~24 16:19 14.26
15-0ct-24 14:27 12.5¢9
05-New=24 14:28 14.30
03-Dec~24 10:22 10.96
14-Jan-25 10:31 14.69

H-P~6871R -~ P2H-Pump Qutboard Horizontal

08-0Oct-24 15:33 23.44
08-0Oct-24 16:19 21.66
15-0¢ct-24 14:27 19.25
05-Nov-24 14:29 20.95
03-Dec-24 1Q:22 40.18
i4-Jan-25 1¢:31 51.70

N-P-6871R - P2P-Pump Outboard Horz Peakvue
G-s
08-0ct~24 15:33 4,620
0B-Oct~24 16:18 4.339
15-Cct~24 14:27 3.039
05-Nov-~24 14:29 1.212
03-Dec~24 10:22 2.201
14-Jan~25 10:31 1.038

N-P-6871R - P2V=Pump Outhkoard Vertical

mm/Sec

08~0ct~24 15:33 12.05
08-0ct~24 16:19 11.13
15=-0ut-24 14:27 12.09
05«Nev=24 14:29%9 12,00
03~Dec=-24 10:23 iz.87
14-Jan=25 10:32 12.95

N-P-6871R -~ P2A-Pump Outbeard Axial

08-0ct-24 15:34 19.84
08-0Oct-24 16:20 19.20
15-0ct-24 14:28 17.65
05-Nev-24 14:29 19.40
03-Dec-24 10:23 20.15
14-Jan-25 10:32 20.86

N-P-8871R - P3H~Pump Inbeard Herizontal

08~0ct~24 15:34 23.77
08«0ct=-24 16:20 22.93
15-0ct-24 14:28
05-Nov-24 14:30
03-bec-24 10:23 46, 8

14-Fan~25 10:32 61, 64->Follow up.
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N~P~6871R -~ P3P=-Pump Inboard Horz Peakvue

G-5

08-0ct-24 15:34 2.733

08-Cct~-24 16:20 2.531

15-0Oct-24 14:28 2.229

05-Nov-24 14:30 2.606

03-bec~24 10:23 1.100

14-Jan-25 10:33 1.384

N-P-6B71R = P3V«Pump Inboard Vertical

m/ Sec

08-0ct-24 15:34 22.16
08-Qct-24 16:20 22,19
15-Qgt-24 14:28 20.66
05-Nov-24 14:30 21,93
03-Dec~24 10:24 22.92
14-Fan-25 10:33 24.82

N-P-6871R -~ P3A-Pump Inbeard Axial

mm/Sec
08-0et=24 15:34 10.58
08=0ct=24 16:20 9.547
15=0Oct=24 14:29 10.37
05=Mow=24 14:30 8.921
03=-Dec~-24 10:24 12.86
l4~-Jan=-25 10:33 13,60

¥-P-6871R -~ P4H-Pump Outboard Horizontal

mm/Sec
0B=0ct~24 15:34 12,19
38-0Oct-24 16:20 i0.60
15=0ct«24 14:29 10.12
05-~-Nov-24 14:30 L0.79
03~Dac-24 10:24 22.81
14-Jan-25 10:33 29.59

N-P=6871R = P4P-Pump Outbeard Horz Peakvue

G-s
08-0Oct-24 15:35 2,407
0B8-0ct~24 16:22 3.433
i5-0ct-24 14:29 3.108
05-Nov-24 14:30 2.200
03-Dec-24 10:24 2.484
l4-Jan-25 30:33 1.72¢

N-P-6871R - £4V-Pump Qutboard Vertieal
08-0et-24 15:35 18.88

08-0ct-24 18:22 18.70
15~0ct=24 14:29 15.51

05~Nov~-24 14:31 16.50
03-Dea=-24 10:25 16.21
14~Jan-25 10:34 18.31

N-P-6871R =~ P4A-Pump Outboard Axial

08-0ct~24 15:35 10.00
08-0ct~24 16:22 11.17
15-0Oct=24 14:29 10.32
05-Nov-24 14:31 8.807
03«Dac-24 10:25 5.863
14«Jan-25 10:34 13.52

N-P-6871R = Tl -Temp engine NDE

08-Cct-24 15:35 96.00
08-0ct-24 16:23 95.00
15-0ct-24 14:30 80.00
05-Nov-24 14:31 85.00
33-Dec~24 10:28 63.00
14-Jan-25 10:34 78.00

N-P=6871lR =~ T2 -Temp engine DE

08-Cct~24 15:35 85.00
08~0ct-24 16:23 95.00
15~0ct=-24 14:30 83.00
05-Nov=-24 14:31 86.00
03-Dec-24 10:2% 67.00
i4-Jan-25 10:34 84.00
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N-P-6871R -~ T3 -Temp pump DE

0B-Oat=-24 15:35 68,00
08=0ct=-24 16:23 66.00
15-0ct~24 14:30 41.00
05-Nowv-24 14:31 43.00
03-bec~24 10:29 34.00
14-dan~25 10:34 44.00

N-g~6871R = T4 -Temp pump NDE

08-0Oct~24 15:35 65.00
08-0ct~24 16:23 65.00
15~0ct-24 14:30 38.00
05~Nov-24 14:31 38.00
03=-Dec=24 10:28% 33,00
l4=-Jan~25 10:34 35.00

N=-p=-6871R - T& -Temp pump DE

08-Cet-24 15:36 69.00
08~0ct-24 16:23 67.00
15-0ct-24 14:30 42.00
05~Nev-24 14:31 44.00
03-~Dec-24 10:29 36.00
i4~-Jan-25 10:34 40.00

N-P~6871lR - T6 -Temp pump NDE

08=0ct=24 15:36 55.80
08-0ct~24 16:23 57.60
15«0ct=-24 14:30 35.00
05-Mov-24 14:31 34.00
03-Dec-24 10:29 31.00
l4-Jan-25 10:34 2B8.00

N-P-687iR =~ DP =Digcharge pressure

08-0ct-24 15:36 12.00
08-0ct~24 16:23 12.00
15=0ct~24 14:31 12.00
05=Nov—~24 14:32 12,00
03=-Dea—-24 14:28 12,00
14~Jan=25 18:35 1z.00

N-P~-6871R = SP ~Speed

08-0gt-24 15:36 2074.0
08-0ct-24 16:23 2076.0
15-0ct-24 14:31 2084.0
05-Nov-24 14:32 2086.0
03~Dec—-24 10:28 2091.0
14~Jan—-25 10:35 2087.0

Clarification Of Vibration Units:
Acc —-=> G-s P-P
Vel --> mm/Sec RMS
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Appendix B

Vibration Severity Listing
The following noteworthy information is a description of each stages of vibration severity.

Fault in low level:

The lower limit that could be reasonably expected from the best application of the normal commercial manufacturing practice.

Std {Fa l‘ Keeps Manitoring Failure Trend:
A vibration severity level that is readily achieved by the great majority of machine that is well designed and constructed.

- Stage C (Alarm) Requires Attention at Next Opportunity:

A vibration severity level that is greater than normally expected from weli designed and constructed machines/equipment,
indicating a possible fault in the system, Provided that the vibration is not due to an unacceptable fault that will cause deterioration
of the machines, or the vibration does not have other undesirable or unacceptable effects, that such a vibration level may be

acceptable.

Requires Immediate Attention:
Vibration values within this zone are normally considered to be of sufficient severity to cause damage to the machine.

Appendix C: Data coliection by C512140

Vibration Analyzer: CSl 2140 No.14
Serial No.: B21402218840
Calibration Date: 09-Aug-23

Calibration Due: 08-Aug-25
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GC Maintenance and Engineering Co., Ltd. February 2025
Vibration condition monitoring
1. Executive Summary
Measurement Start-Finish: 3, 11, 18 and 28 February 2025
Measurement plan 93 Equipment.
Checked 10 Equipment.
Machine did not operate 83 Equipment.
As show in Fig 1 And Table 1
‘Checked
11%
‘Machine did rot |
{  operate
) 89% %Checked = Machine did not operate
Fig1
Table 1: Summary of Collected of vibration on PTT GC7 BTF
Iltem/Status Measurement plan Grand Total
Unit 93 10 93
Percentage 100% 11% 89% 100%
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During this period, GCME has coliected a vibration data are 10 Equipment. The result can be
categorized into each severity kindly see attachment more detailed as following list.

i

E.Stag.e D (Danger)

R —
: i Stage C {Alarm)
0s5

Stage A (Good)
30%%

" Stage B {Fair) i
70% |

B Stage [ {Danger}  « Stape C {Alarm) 2 Stage B {Fair) Stage A {Geod)

Severity Grand Total

Unit 4] 0 7 3 10

Percentage 0% 0% 70% 30% 100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shall be interpreted
technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSON CSl whose model
is “CS12140; SN: B21402218840 and SN: B21401205571” equipped with an industrial standard
accelerometer (CTC SN: 22730 and CTC SN: 323737) Software used for analysis is AMS Machinery
Manager.

4|Page



GC Maintenance and Engineering Co., Ltd.

February 2025

3. Reference Standard

in order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by
international organization shall be referred to.

PTTGC and GCME agreed to officially apply 1SO10816-3 standard for vibration severity
assessment for any equipment operated in Refinery plant (PTTGC Branch 6}. The vibration
severity chart which is an excerpt from ISO10816-3 is shown as the following table herewith.

IS0 10816 Part 3

Indastria] Machiscs wis nomieal pever sbove 15XW and nomina| specds between 120 tpos ail 15,000 pm nhien messured ik

Vebeddy Pusps> 15 KW Medium Size Machines Large Machines
|10 1000 55, r> 539 7pm Raggial, Axisl, Mized Flow 15 kW < Power < 300 kW | 300 kW < Power < 50 MY
- HBO M, 7> 112 yut Gromp 4 Grosp3 Growp2 Growp I
Integrated Driver | Exicrw] Driver | 160 mu <Mokor Hleght <S150m | 315 mm <Molor ikt |
[ Fiexbk | Rpe | Vit i [ i3 Fiesi
Gl st
£ | s e G
i
Newly Commissioncd
Unrestriced lonp-4em operation
Restriced lonp-erms operation
Vibration causes damape

Vibration Peakvue Acceleration Severity

Speed of Machine {(RPM)
500 £0.56 >0.56-1.41| >1.41-5.08 >5.08
1000 <1.13 >1.13-2.82 | >2.82-9.87 >9.87
1500 <1.68 >1.68-3.95| »3.95-11.28 >11.28
3000 ©£3.95 »>395-8.46 | »8.46-28.2 >28.2
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4. Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

Reqguires Immediate Attention.

A level of vibration severity at which the probability of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines Large sized machines 2
radial, axial, mixed flow 15 kW<P<300 kw 300 kW<P<50 kw g
Integrated driver External driver Mator 160mm < H <315mm Motor 315mm < H &
Rigid | Flexible | Rigid | Flexible Rigid Flexible Rigid Flexible g
>45 »71 >7.1 >11 >45 >71 »7.1 >11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm Q:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>1.8 >3.5 >10 v
Stage 3: ‘«Stage C (ALARM)~ Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from well designed and
constructed machinesequipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibration does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kw Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kw<P<300 kW 300 kW<P<50 kw g
Integrated driver External driver Motor 160mm < H <315mm Motor 3i5mm < H 5
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible E
>28-45 »>45.71 | »45-71 >7.1-11 >28-45 »45-71 >45.71 71 |
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm {:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>0.5 >1.0 >3.0 v
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fens o 2e o

A vibration severity level that is readily achieved by the great majority of machine
that is well designed and constructed.

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines 2
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver Externail driver Motor 160mm < H <315mm Motor 315mm< H G
Rigid Flexible Rigid Flexihle Rigid Flexible Rigid Flexible E
>14-28 »>23-45 »>23-45 »35-71 >14-28 >23-45 >23-45 »35.71 -
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ;—:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>0.2 >0.4 >1.4 ~
Stage 1l Faultin low level.
The lower limit that could be reasonably expected from the best application of
the normal commercial manufacturing practice.
Group 4 Group 3 Group 2 Groug 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm< H »
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible E
<14 <23 <23 <35 <14 <23 <23 <35 7
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm :;
Speed < 500 RFM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
s

<0.2

<0.4

<14
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5. Vibration Summary Report
Please see the attached table of “Vibration Summary Report”

1 N-P-6871R =t _ Follow up.
. Engine: Normal condition.

Gearbox/Pump: Suspected that the
discharge line has high pressure stuck
in the system, causing induce high
vibration.

Engine & Pump:

1. Short-term, should be keep monitor
trend of vibration and Peakvue mode in
bi-weekly interval.

2. Should be plan to check pressure in
discharge pipe line system.

3. Should be plan to check obstruction
in discharge pipe line,

6. Vibration Analysis Report

Any equipment whose vibration severity "Stage C (Alarm) and Stage D (Danger)" are explained an

analysis detail separately. Please see each of them as attachment.
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Vibration analysis report for GC7_BTF Plant

Severity: S

s

Main problem: Follow up. Suspected that the discharge

Machine name: FIRE WATER PUMP Inspected by: Natdanai T,
Date of data measurement: 11 February 2025 Analyst by: Warut K,

Area: GC7_BTF line has high pressure stuck in the system, causing Review by: Warut K.

induce high vibration.

Reference criteria

Standard Eige B (TR Stage C (ALARM) ot
1SG-10816 part 6 {Engine) Class V s14.1 >14.1-28.2 >28.2 - 44.6 >44.6 n;:;és
Statistical alarm Acceleration of Peakvue mode <105 >10.5 - 16.4 »16.4-18.5 >18.5 Pf(-?l(
. N mm/S
Statistical alarm velocity of pump <27.9 »27.9- 559 >55.9w 4.6 >74.6 RMS

Remark: 150-10816 provides specific guidance for assessing the severity of vibration measured on machine in steady state, thus GCME will cansiders the magnitude

of vibration, the changes in the magnitude an¢ frequency for judging the severity of vibration.
Statistical alarm was calculated from historical measurement more than 10 times.

Machine description and vibration measurement point

Engine

Manufacturer: CATERPILLAR

| Type: DIESEL {CAT 3406C)

Power: 217-359 kw

Speed =1,750-2,300 rpm

DE Bearing: N/A

NDE Bearing: N/A

Pump

Manufacturer: Bombas vertical gear pump
Type: NfA

Shaft input speed {P1, P2}: 1,750-2,300 rpm
DE Bearing:

NDE Bearing:

Shaft output speed (P3, P4): N/A

DE Bearing: N/A

NDE Bearing: N/A

Tooth of Gear /High speed: N/A

Tooth of Gear /Low speed: N/A

GMF1 = N/A
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Vibration analysis report for GC7_BTF Plant

Figt. Trend/Waterfall/Spectrum Plot Point E2: Engine — DE — Horizontal - Velocity.
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Inspection Findin
"  Engine:

1. The overall velocity of vibration at point E2 Engine DE in horizontal direction was stightly decrease from 10.19
to 9.25 mm/s, RMS. The FFT spectrum shown dominant peak at 1x of engine speed and amplitude is in limit.
Engine is in normal condition. (Fig 1)

2. The overall acceleration of Peakvue mode at point E2 Engine DE in horizontal direction was slightly decrease from
1578 to 11.19 G's, Pk-Pk. The FFT spectrum shown dominant peak at 0.5x, ix of engine speed and them
harmonics and amplitude are in limit. It is characteristic of reciprocating engine. {Fig 2}

®  Gearbox/Pump:

1. The averall velocity of vibration at point P3 pump output shaft DE in horizontal direction was decrease from
61.64 ta 45.79 mm/s, RMS and enter to “Stage B {Fair)” severity by refer statistical alarm. The FFT spectrum
shown outstanding at 1x of pump input speed suspected the discharge line has high pressure stuck in the
system, causing induce high vibration. (Fig 3)

2. The overall acceleration of Peakvue mode at point P3 pump output shaft DE in horizontal direction was slightly
increase from 1.38 to 2.38 G's, Pk-Pk. The FFT spectrum did not show bearing defect signal. (Fig 4)

3. The overall velocity of vibration at point P1 pump input shaft DE in horizontal direction was increase from 50.65
to 32.83 mm/s, RMS. The FFT spectrum shown outstanding at 1x of pump input speed suspected the discharge
line has high pressure stuck in the system, causing induce high vibration. {Fig 5}

4. At site while machine stop (Before test vibration) found discharge pressure gauge in pipe line system about 15
Bar.

S. At site while machine running {While test vibration) found discharge pressure gauge In pipe line system swing
around 16-17.8 8ar.

6. Atsite while machine stop {After test vibration) found discharge pressure gauge in pipe line system can read about
17.8 Bar. {Did not come back to 0 Bar)

7. Usually normal operating caondition discharge pressure gauge in pipe line system {While machine running} is in
about 11-12 Bar.

Conclusion
= Engine: Normal condition.
»  Gearbox/Pump: Suspected that the discharge line has high pressure stuck in the system, causing induce high
vibration.

Recommendation
= Engine & Pump:
1. Short-term, should be keep monitor trend of vibration and Peakvue mode in bi-weekly interval.
2. Should be plan to check pressure in discharge pipe line system.
3. Should be plan te check abstruction in discharge pipe line.
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) Vibration analysis report for GC7_BTF Plant

Appendix A
Overal] vibration

Database: GC7_{BTF).xbm
Area: GC7?
Feriod Reported: 15-Oct-24 To l4-Feb=-25

Equipment l: FIRE WATER PUMP (DIESEL)

DATE TIME OVERALL

N-P-&87iR =~ ElH-Engine Outboard Horizontal
mm/Sec
15-0ct~24 14:25 1¢.36
05-Nov-24 14:26 1G.49
03-Dec~24 10:25 11,83
i4-Jan-25 10:28 12.82
11-Feb-25 1(0:13 11.7%

N-P-EB7lR - ElP-Engine Qutboard Horz Peakvue

15-0ct-24 14:25 15.60
05-Nov-24 14:26 13.9%0
03-Dec-24 10:25 20.30
l4-Jan~25 10:28 17.27
11-Feb-25% 10:13 13.38

K-P-6BT71R - ElV-Engine OQuthoard Vertical

mm/ Sea
15-0ct~24 14:25 7.367
05-Nov-24 14:27 7.633
03-Dec—-24 10:25 8.635
l4~Jan=-25 10:28 B.254
11~-Fab=-25 10:13 T7.707

N-P~6871R =~ ElA~Engine Outboard Axial
mm/Sec

15=0ect~24 14:25 11.64
05-Nov=24 14:27 8.881
03-Dec-24 10:26 9.845
14=Jan=-25 10:28 10.7%
11-Feb~25 10:13 8,974

W~P~6871R =~ E2H-Engine Inboard Horizental
mm/ Sec
15-0ct-24 14:26 14.29
05~Nov-24 14:27 13.85
03-Deg-24 10:26 1¢.52
14-Jan~-25 10:29 14.19
1l-Feb-25 10:14 9.245

N-#~6871R - E2P-Engine Inhoard Horz Peakvue

L15~-0ct~-24 14:26 14.32
05-Neov-24 14:27 10.96
03-Dac-24 10:26 15.63
l4-Jan-25 10:29 15.78
ll1-Feb-25 10:14 11.19

H-P-68T1R - E2V-Engine Inboard Vertiecal

15-0ct=-24 14:26 6
05~MNov-24 14:28 5.
03=-Dac=24 10:27 7.462
14=-Jan=25 10:29 8
11-Feb=25 10:14 5

N=-P=6871R = E2A-Engine Inboard Axial
mm/Sec
15-Cct-24 14:26 9.419
05~Nov-24 14:28 8,883
03-bec~24 10:27 10.01
14~-Jan=25 10:29 11.12
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@

N-P-6871R

N-P~687LR

R-2-6B71R

K-pP-6B71R

N-P-6B71R

N-P-6BT1R

H=-P=-6B71R

N-P-6871R

n-P-68T1R

N=-P-6871R

P1H-Pump

PlP-Pump

P1V~FPump

P2E«Pump

P2P~Pump

P2V~Pump

P2A-Pung

P3IH-Pump

P3P~Pump

P3V-Pump

1i-Feb-25 10:14 9.758

Inboard Horizontal

15«Dct~24 14:286 24.M
05-Nov~24 14:28 25.44
03-Dec-24 10:21 38.60
14-Jan-23 10:30 50.65
1l-Feb-25 10:15 32.83

Inhoard Horz Peakvue

G-s

15-0ct-24 14:26 3.770
5-Nov-24 14d:28 2,303
¢3-Dec-24 10:21 1.50%
14=-Jan-25 10:30 2,086
11-Feb-25 10:15 3,749

Inboard Vertical

mm/ Sec

15-0Cct~24 14:27 12.59
05-Nov-24 14:28 14.30
03-Dec-24 10:22 10.96

14-Jan-25 10:31 14.69
11-Feb-25 10:16 16.94

Outboard Eorizontal

15=0at-24 14:27 1%.25
05=-Hov-24 14:29 20.95
03~Dec~24 10:22 40.18
14-Jan-25 10:31 51.70
11-Feb-25 10:16 33.07

Outboard Eorz Peakvue

G=5

15-0ct-24 14:27 3.039
05-Nov-24 14:29% 1.212
03-Dec-24 10:22 2.201
14-Jan-25 10:31 1.038
11~Feb-25 10:16 1.697

Cutbeard Vertical

mm/Sec

15=Cct=24 14:27 12.09

05-Nov-24 14:29 12.00
03-Dec~24 10:23 12.87
14-Jan~25 10:32 12.95
11-Feb~25 10:17 19.63

Gutboard Axial

15-Cct-24 14:28 17,65
05-Nov-24 14:29 19.40
03-Dec~24 10:23 20.15
14=Jan~25 10:32 20.86
11«Feb-25 10:17 19.49

Inboard Horizontal

mm/Sec
15-0ct-24 14:28 19.53
05-Nov—-24 14:30 19.98

03-Dec-24 10:23 46.84
14-Jan~25 10:32 61,64
11-Feb~25 10:17 45,79

Inbsard Horz Peakvue

G5

15=0¢t=24 14:28 2.229
05=Nov=24 14:30 2.608
03-Dec«24 10:23 1.100
14~Jan~«25 10:33 1.384
11-Feb~25 10:18 2.382

Inboard Vertical

mm/Sec

15-0Qct-24 14:28 20.66
05-Nov-24 14:30 21.93
03-Dec—-24 310:24 22,82
14-Jan-25 10:33 24 .82
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l1~Feb-25 10:18 22.55

N-P-6871R - P3A-Pump Inboard Axial
mm/Sec
15-0ct-24 14:29 10.37
05-Hov=-24 14:30 8.921
03-Dec-24 10:24 12.86
14~Jan-25 10:33 13.860
11-Feb=-25 16:18 12.486

N=-P=-6871R = PAH=-Pump Outhboard Hoerizontal
mm/Sec
15-0ct-24 14:29 10.12
05-Nov-24 14:30 10.79
03~Dec-24 10:24 22,81
14-tan-25 10:33 29.59
11-Feb-25 10:19 21.23

N-P-6871R - P4P~-Pump Outboard Horz Peakvue

15-0ct-24 14:29 3.108
05-Nov-24 14:30 Z2.200
03-Dec~-24 10:24 2.484
14-Jan-25 10:33 1.720
11-~Feb=-25 10:19 3.0a7

N-P~6§87iR - P4V-Pump OCutboard Vertical

15-0ct=-24 14:29 15.51
05-Nov~24 14:31 16.50
03-Dec-24 10:25 16.21
14~Jan-25 10:34 18.31
11=Feb-25 10:19 20.56

N«P«6B71lR «~ P4A-Pump Outboarxrd Axial

15-0ct-24 14:29 19.32
05-Nov-24 14:31 8.907
03-Dac-24 10:25 9.863
14=Jan~25 10:34 13.52
11-Feb-25 10:19 13.86

N-P~6B71R =~ Tl ~Temp engine NDE

15-0Oct-24 :4:30 80.00
05-Hov-24 14:31 85.00
03-Dec-24 10:28 63.00
14-Jan-25 10:34 78.00
l1=Feh=25 10:20 51.00

H-pP-&871R - T2 -Temp engine DE

15-0ct~-24 14:30 83.00
05-Nov-24 14:31 86.00
03-Dec-24 10:29 67,00
l4-Jan—-25 106:34 84.00
11-Feb=-25 16:20 88.00

N-P-6871R - T3 ~Temp pump DE

15=D¢t=24 14:30¢ 41.00
05=Nov=24 14:31 43.00
03~Dec~24 10:29 34.00
14~Jan-25 10:34 44.00
11=Feb=25 10:20 43.00

N-#~6871lR =~ T4 ~Temp pump NDE

15-Cet-24 14:30 38,00
05-Hov-24 14:31 35.00
03-Dec-24 10:29 33.00
14-Jan-25 10:34 35.00
11-Feb-25 10:20 44.00

N-P-6871R - TS5 -Temp pump DE

15-0ect-24  14:30 42.00
05~Nov-24 14:31 44.00
03-Dec-24 10:29 36.00
14-Jan-25 10:34 40.00
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1i~Feb-25 10:20 50.00
N-P-6871R - Té -Temp pump NDE

15-0ct-24 14:30 35.00
05-MNov-24 14:3% 34.00
03-Dec-24 10:29 31.00
34-Jan~25 10:34 2B.00
ii-Feb~25 10:20 35.00

N-P-£871R = DPl-Dischage pressure

15-0ct~24 14:31 12.00
05=Nevw=24 14:32 12.00
03=-Dec—24 10:28 12.00
14~Jan-25 10:35 12.00
11-«Feb-25 10:20 1z.00

N-P-6871R -~ DP2-Dischage pressure (Pipe line)
Bar
L1-Feb-25 10:21 16.50

N-P-6871R «~ SP =-Speed
Rpm
15=0at=24 14:31 2084.0
05-New—-24 14:32 2086.0
03-Dec=24 10:28 2091.0
l4=-Jan=-25 10:35 2087.90

Clarification Of Vibration Units:
Acc --> G-3 p-P
Vel ~=» mm/Sec  RMS
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Appendix B

Vibration Severity Listing

The following noteworthy information is a description of each stages of vibration severity.

) Fault in low level:

The lower limit that could be reasonably expected from the best application of the normal commercial manufacturing practice.

- ?%Mfﬁ?fﬁyj Keeps Monitoring Failure Trend:
A vibration severity level that is readily achieved by the great majority of machine that is well designed and constructed.

- Stage C {Alarm) Requires Attention at Next Opportunity:
A vibration severity level that is greater than normally expected from well designed and constructed machines/equipment,
indicating a possible fault in the system. Provided that the vibration is not due to an unacceptable fault that will cause deterioration

of the machines, or the vibration does not have other undesirable or unacceptable effects, that such a vibration level may he
acceptable.

Requires Immediate Attention:

Vibration values within this zone are nermally considered to be of sufficient severity to cause damage to the machine.

Appendix C; Data collection by 512140

Vibration Analyzer: CS| 2140 No.14
Serial No,: B21402218840

Calibration Date: 09-Aug-23

Calibration Due: 08-Aug-25
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GC Maintenance and Engineering Co., Ltd. March 2025
Vibration condition monitoring
1. Executive Summary
Measurement Start-Finish: 04 and 18 March 2025
Measurement plan 93 Equipment.
Checked 8 Equipment.
Machine did not operate 85 Equipment.
As show in Fig 1 And Table 1
Checked :
Machine did not
operate {
L
g Checked % Machine did not operate
Fig 1
Table 1: Summary of Collected of vibration on PTT GC7 BTF
Item/Status Measurement plan Grand Total
Unit 93 o3
Percentage 100% 9% 91% 100%
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GC Maintenance and Engineering Co., Lid.

March 2025

' i P |
IStage D (Danger) | | Stage C (Alarm) |
0% 0% E

Stage A (Goodﬂ) o
s0% |

| Stage D {Danger) = Stage C (Alarm} % Stage B (Fair} @ Stage A {Good)

During this period, GCME has collected a vibration data are 8 Equipment. The result can be
categorized into each severity kindly see attachment more detailed as following list.

Severity : ' . Stage C (Alarm) . Grand Total
Unit 0 0 4 4 8
Percentage 0% 0% 50% 50% 100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shail be interpreted
technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSCN CSI whose model
is “CS12140; SN: B21402218840 and SN: B21401205571" equipped with an industrial standard
accelerometer {CTC SN: 22730 and CTC SN: 323737) Software used for analysis is AMS Machinery

Manager.
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GC Maintenance and Engineering Co., Ltd. March 2025

3. Reference Standard

In order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by
international organization shall be referred to.

PTTGC and GCME agreed to officially apply 15010816-3 standard for vibration severity
assessment for any equipment operated in Refinery plant (PTTGC Branch 6). The vibration
severity chart which is an excerpt from 1S010816-3 is shown as the following table herewith.

IS0 10816 Part 3

Industrie) Machioes with novsies] porer abore 15 KW ad neiwon] spetds bebreen 120 e 3nd 15,000 sponwhen meacared jesiin

Velody Pumps> 15 KW Medium Size Machines Large Kachines
1611606 B, 7> 600 Radial, Axial, Mized Flow 15 KW < Power <300 KW | 300 kiW < Power <50 M¥
1. 1000 s, r> 20 opm Grozp 4 Growp3 Growp2 Gromp 1

Dxiver

164 mos <Molor Heighd <315 men
s Pk

315 e < Mokor Hei

Vibration Peakvue Acceleration Severity

I a—
Speed of Machine (RPM) StageC(ALARM)
500 £0.56 >0.56-1.41| >1.41-508 >5.08
1000 £1.13 >1.13-2.82 | »2.82-9.87 >9.87
1500 <1.68 >1.68-3.95| >3.95-11.28 >11.28
3000 £3.95 >395-8.46 | >8.46-28.2 >28.2
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4, Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

.: I Requires Immediate Attention,

A level of vibration severity at which the probahility of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kw<P<50 kW ‘g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H &
Rigid Flexible Rigid Flexible Rigid Flexibie Rigid Flexible g
>45 >71 >71 »11 >45 >71 >71 >11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5’
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm I:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM ‘%
>18 >3.5 >10 v
Stage 3: StageC(ALARM)* Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from well designed and
constructed machinesrequipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibration does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kw Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H w
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
»28-45 >45-7.1 >45-71 »71-11 >28-45 »45-71 >»45-71 >71-11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 5?
Speed < 500 RPM Speed Between 500 & 1000 RPM Speed is either 1800 or 3600 RPM %
>0.5 >1.0 >3.0 i
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Stage 2

AR Keeps Monitoring Failure Trend.
A vibration severity level that is readily achieved by the great majority of machine
that is well designed and constructed.

<0.2

<G4

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines 2
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H =
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexibie E
vy

>14-28 >23-45 >23-45 »35-71 >14.28 >23.45 >23-45 »35-71
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm E:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>0.2 >0.4 >1.4 “

The lower limit that could be reasonably expected from the best application of
the normal commercial manufacturing practice.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kWw<P<50 kW g
integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H B
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexibie E
(Y23
<14 223 <23 <35 <14 <23 <23 <35

Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5‘
Dia between 200 & 500 mm Dia between 50 & 300 mm Diz between 20 & 150 mm ;;
v
Speed < 500 RPFM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM 2
w

<14
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GC Maintenance and Engineering Co., Ltd. March 2025

5. Vibration Summary Report
Please see the attached table of “Vibration Summary Report”

6. Vibration Analysis Report

Any equipment whose vibration severity "Stage C (Alarm} and Stage D {Danger)’ are explained an
analysis detail separately. Please see each of thern as attachment.
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GC Maintenance and Engineering Co., Lid. April 2025

Vibration condition monitoring

1. Executive Summary
Measurement Start-Finish: 01, 22 and 25 April 2025

Measurement plan 93 Equipment.
Checked 12 Equipment.
Machine did not operate 81 Equipment.

As show in Fig 1 And Table 1

Checked |

. Machine did not 7.
operate
B7%

z Checked % Machine did not operate

Fig 1

Table 1: Summary of Collected of vibration on PTT GC7 BTF

item/Status Measurement plan Grand Total
Unit 93 93
Percentage 100% 13% 87% 100%

3|Page




(] =

GC Maintenance and Engineering Co., Ltd. April 2025

During this period, GCME has collected a vibration data are 12 Equipment. The result can be
categorized into each severity kindly see attachment more detailed as following list.

i Ceimme C IAlxrr
! Stage D (Danger) 3 [ Stage C {Alarm)
L 0%

H
i
H
i
i
I

E Stage A {Good)
T

i

Stage B (Fair) |
67% |

| Stage D {Danger} = Stage C {Alarm) % Stage B (Fair)  # Stage A{Good)

Severity Grand Total
Unit 0 4 12
Percentage 0% 0% 67% 33% 100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shall be interpreted
technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSON CSI whose model
is “CS12140; SN: B21402218840 and SN: B21401205571" equipped with an industrial standard
accelerometer (CTCSN: 22730 and CTC SN: 323737) Software used for analysis is AMS Machinery
Manager.
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3. Reference Standard

In order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by

international organization shall be referred to.

PTTGC and GCME agreed to officially apply 1S010816-3 standard for vibration severity
assessment for any equipment operated in Refinery plant (PTTGC Branch 6). The vibration
saverity chart which is an excerpt from ISO10816-3 is shown as the following table herewith.

150 10816 Part 3

Tndustri] Biackiass vt nominal paver above 15 KW and somins| spoes betrreca 124 rpn s 15,008 s when mezsured il

Vool Pups> ISKW Mediun Size Machines Large Machines
18 1060 By, T 608 Rudiel, Axisd, Mixed Flow 15 KW < Power <300 KW | 300 kW < Power < 50 BV
4 Gromp3 Growp2 Growp 1
Driver 150 mem < Mitor Helphd < 315 . 315 mem < Moter Dickhd
R Fesble e Flexible

2100510, 1> 120 7y Gromp

Newly Commissionod
Uktrestriced Jonp-term operation
Restriced long-4erm operation
Vibration causes damage

Vibration Peakvue Acceleration Severity

Speed of Machine (RPM)
500 50.56 >0.56-1.41| >1.41-508 >5.08
1000 £1.13 >1.13-2.82| >2.82-9387 >9.87
1500 <1.68 >1.68-3951 >3.95-11.28 >11.28
3000 £3.95 >395-846 | >8.46-28.2 >28.2
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4. Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

Requires Immediate Attention.

A level of vibration severity at which the probability of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H &
Rigid Flexihle Rigid Flexible Rigid Flexible Rigid Flexible g
>45 >71 >71 >11 >45 >71 >71 >11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm E:
Speed <500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>1.8 >3.5 > 10 i
Stage 3: ~Stage C (ALARM)- Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from well designed and
constructed machines/equipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibration does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines 2
radial, axial, mixed flow 15 kW<P<300 kW 300 kw<P<50 kW g
Integrated driver External driver Motor 160mm <H <315mm Motor 315mm < H @
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
»28-45 »>45-71 | >45-71 ¢ >71-11 >28.45 >45-7.1 »45.7.1 »71-11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 3?
Speed < 500 RPM Speed Between 500 & 1000 RPM ; Speed is either 1800 or 3600 RPM iﬂg“
>0.5 >1.0 >3.0 v
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; - Keeps Monitoring Failure Trend.
A vibration severity level that is readily achieved by the great majority of machine
that is well designed and constructed.

SIY S T

Group 4 Group 3 Group 2 Group 1
Pumps > 15 kW Medium sized machines Large sized machines
radial, axial, mixed flow 15 kWw<P<300 kW 300 kW<P<50 kW
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H
Rigid Flexible Rigid Flexihle Rigid Flexible Rigid Flexible
>14-28 >23-45 >23-45 >35.71 >14-28 »23-45 >23-45 >35-7.1

Vibration Peakvue Acceleration Severity (Shaft Diameter Speed)
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM
>0.2 >0.4 >i.4

SIAY ‘-8 ‘I

Stage 1 Fault in low level.

The lower limit that could be reasonably expected from the best application of
the normal commercial manufacturing practice.

SIAY S 3

Group 4 Group 3 Group 2 Group 1
Pumps > 15 kW Medium sized machines Large sized machines
radial, axial, mixed flow 15 kW<P<300 kW 300 kw<P<50 kW
integrated driver External driver Motor 160mm < H <315mm Motar315mm < H
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible
<14 <23 <23 <35 <14 <23 <23 <35

Vibration Peakvue Acceleration Severity (Shaft Diameter Speed:
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM
<0.2 <0.4 <1.4

SIAY ‘s-8 ‘B
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5. Vibration Summary Report
Please see the attached table of “Vibration Summary Report”

6. Vibration Analysis Report

Any eguipment whose vibration severity “Stage C (Alarm) and Stage D (Danger)’ are explained an
analysis detail separately. Please see each of them as attachment.
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PTT Global Chemical Public Company Limited (GC7 BTF Plant)
Month of Survey and Data Collection: April 2025

inspected by: CHAIWAT PAEWPOLSONG
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Condition Monitoring Service
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GC Maintenance and Engineering Co., Ltd.

April 2025

Vibration condition monitoring

1. Executive Summary
Measurement Start-Finish: 01, 22 and 25 April 2025
Measurement plan 93 Equipment.
Checked 12 Equipment.
Machine did not cperate 81 Equipment.
As show in Fig 1 And Table 1

Checked
13% |

achine did not ©
operate
87%

i

@ Checked s Machine did not operate

Fig1

Table 1: Summary of Collected of vibration on PTT GC7 BTF

item/Status Measurement plan

Unit 93 12

Grand Total

93

Percentage 100% 13% 87%

100%
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During this period, GCME has collected a vibration data are 12 Equipment. The result can be
categorized into each severity kindly see attachment more detailed as following list,

S —

| Stage D {Danger) | | Stage C (Alarm) |
l 0% ) 0% H

B Stage D {Danger) - Stage C {alarm) % Stage B {Fair) % Stage A (Good)

Severity Grand Total

Unnit 0 ¢ 8 4 12

Percentage 0% 0% 67% 33% 100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shall be interpreted
technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSON CSl whoase model
is “CS12140; SN: B21402218840 and SN: B21401205571” equipped with an industrial standard
accelerometer (CTC SN: 22730 and CTC SN: 323737) Software used for analysis is AMS Machinery
Manager.
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3. Reference Standard

In order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by
international organization shall be referred to.

PTTGC and GCME agreed to officially apply 1S010816-3 standard for vibration severity

assessment for any equipment operated in Refinery plant (PTTGC Branch 6). The vibration
severity chart which is an excerpt from 1S010816-3 is shown as the following table herewith.

IS0 10816 Part 3

Enddestoin] Muchines with oarins] peveer sixre 15XW st nominsl speals between 120 rpem sinl 15,008 i when measored il

Velacdy Pamps > 15 KW Hedium Size Machines Large Machines
10,1000, r> 638 e Radkil , Axiad, Mized Flow 15XW <Power<300 KW | 300 kW < Pover <50 MY
1. 2000 7> 11 Groxp4 Gromp3 Groap2 Gromp 1

e Driver | Exiert] Driver | 160 mm < Molor fleipht < 315 mo 915 mm <Blolor Hoght = |
Lo, oesnls, res i Fexke ol | Wbl i Fleobile | . Flexble

D . T e

Restriced Jonp-term operation
Vibration cavses damape

Vibration Peakvue Acceleration Severity

s PPk
Speed of Machine (RPM) tageC(ALARM)
500 £0.56 >056-141| >1.41-508 >5.08
1000 £1.13 >1.13-2.82 | >2.82-9.87 >9.87
1500 £1.68 >1.68-3.95| »3.95-11.28 >11.28
3000 £3.95 >3.95-846 | >8.46-28.2 >28.2
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4, Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

Requires Immediate Attention.

A level of vibration severity at which the prebability of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H &
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
>45 >71 >71 >11 >45 >71 >71 > 11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) ’g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm :.:
Speed <500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>1.8 >3.5 > 10 v
Stage 3. “Stage C (ALARM)- Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from well designed and
constructed machines/equipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibratiocn does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kw Medium sized machines Large sized machines -,3-,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW %
Integrated driver Extarnal driver Motor 160mm < H <315mm Motor 315mm<H &
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
»>28-45 »45-71 »>45-71 >7.1.11 >28-45 »45-7.1 »45-71 »71-11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ;:.;
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM ;;u
>0.5 >1.0 >3.0 “
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RS

Keeps Monitoring Failure Trend.

A vibration severity level that is readily achieved by the great majority of machine
that is well designed and constructed.

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kw<P<300 kW 300 kW<P<50 kW \g
Integrated driver External driver Motor 160mm < H <315mm Motor 3i15mm<H v
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible E
>14-28 >23.45 »>23-45 >35-71 >14-28 »23.45 »23.45 »>35-71 “
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5’
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm F:;:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>0.2 >04 >1.4 <
Stage 1 Faultin low level
The lower limit that could be reasonably expected from the best application of
the normal commercial manufacturing practice.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines 2
radial, axial, mixed fiow 15 kW<P<300 kW 300 kW<P<50 kw g
Integrated driver External driver Motor 168mm < H <315mm Motor 315mm<H s
Rigid Flexible Rigid Fiexible Rigid Flexible Rigid Flexible E
<14 <23 <23 <35 <14 <23 <23 <35 w
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ,}?
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
(7

<0.2

<04

<14
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5. Vibration Summary Report
Please see the attached table of "Vibration Summary Report”

6. Vibration Analysis Report

Any equipment whose vibration severity “Stage C (Alarm) and Stage D (Danger)" are explained an
analysis detail separately. Please see each of them as attachment.
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Vibration condition monitoring

1. Executive Summary
Measurement Start-Finish: 06 and 20 May 2025

Measurement plan 93 Equipment.
Checked 13 Equipment.
Machine did not operate 80 Equipment.

As show in Fig 1 And Table 1

"Checked !

- Machine did nat
: operate
86%

2 Checked & Machine did not operate

Fig 1

Table 1: Summary of Collected of vibration on PTT GC7 BTF

ltem/Status Measurement plan Grand Total
Unit 93 93
Percentage 100% 14% 86% 100%
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During this period, GCME has collected a vibration data are 13 Equipment. The result can be

categorized into each severity kindly see attachment more detailed as following ist.

B Stage D {Danger)

Severity

Unit

: Stage A (Good) ;“

: Stage D (Dangér) 3

0%

= Stage C (Alarm)

& Stage B {Fair)

f Stage C {Alarm) E

& Stage A {Good)

Grand Total

i3

Percentage

0%

46%

100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shall be interpreted
technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSON CSl whose model
is “CS12140; SN: B21402218840 and SN: B21401205571” equipped with an industrial standard
accelerometer (CTCSN: 22730 and CTC SN; 323737) Software used for analysis is AMS Machinery

Manager.
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3. Reference Standard
In order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by

international organization shall be referred to.

PTTGC and GCME agreed to officially apply 15010816-3 standard for vibration severity
assessment for any equipment operated in Refinery plant (PTTGC Branch 6). The vibration
severity chart which is an excerpt from 15010816-3 is shown as the following table herewith.

1SO 10816 Part 3

Indastrin] Machines wit netsie | prwer sbore 15 KW and nomins | speols bebwors 120 rpm e 15,000 mo whos messarad jeciin

Voheody Prmps> 1S KW Hetium Size Machines Large Kachines
16810000 My, > 6480 rpnd Radal, Axisl, Mised Flow 15 KW <Power< 300 KW | 300 KW < Pover< 50 BN
1. 1608 i, r> 130 s Gomp Grmpd Group2 Cromp }

ed Dviver | Extersal Driver | 1660 oo < Molor feipht <315 o 355 o < Moker Buigld

Newly Commissioned

{  Unresiriced Jong-tevm operation

Restriced Jong-term operation
Vibration caises damape

Vibration Peakvue Acceleration Severity

G's, Pk-Pk
Speed of Machine (RPM)
500 <0.56 >0.56-1.41 7 >1.41-5.08 >5.08
1000 $1.13 >1.13-2.82 | >2.82-9.87 >9.87
1500 <1.68 >1,68-395| »395-11.28 >11.28
3000 £3.95 >3.85-8.46 | »8.46-28.2 >28.2
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4. Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

e - IDBNBERE Requires Immediate Attention,

A level of vibration severity at which the probability of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kw Medium sized machines Large sized machines s,_-,
radial, axial, mixed flow 15 kW<P<300 kw 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor315mm<H @
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
>45 >7.1 >71 >11 >45 >71 >71 »11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5
Dia between 200 & S00 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ;:i:
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>1.8 >3.5 >10 v
Stage 3. “Stage C (ALARM)" Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from welfl designed and
constructed machines/equipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibration does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm< H &
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
>28-45 >45-71 »>45-71 »71.11 »>28-45 »45-71 >45-71 »>71-11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed; 5‘
Cia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 5?
Speed < 500 RPM Speed Between 500 & 1000 RPM Speed is either 1800 or 3600 RPM %
>0.5 >1.0 >3.0 v
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> Keeps Monitoring Failure Trend.

A vibration severity level that is readily achieved by the great majority of machine
that is well designed and constructed.

Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines targe sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kWw<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H &
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Fiexible §
>14.28 »23.45 >23.45 >35.71 >14.28 »23.45 >23-45 »35.71 v
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ;
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM u:g;
>0.2 > 0.4 >14 v
Stage 1: Fault in low level.
The lower limit that could be reasonably expected from the best application of
the normal commercial manufacturing practice.
Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines Large sized machines %
radial, axiai, mixed flow 15 kW<P<300 KW 300 kW<P<50 kW g
integrated driver External driver Motor 160mm < H <315mm Motor 315mm < H G
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible 2
<14 523 <23 <35 514 <23 «23 535 <
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) g
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ::
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is'either 1800 or 3600 RPM %
<0.2 <0.4 <14 b
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5. Vibration Summary Report
Please see the attached table of “Vibration Summary Report”

1 N-P-6871A

After overhau) pump.
Engine: Normal condition.

Gearbox/Pump: Gear cannot record
vibration data due to sensor alert
overload limit.

routine interval,

Engine: Should be keep monitor trend
of vibration and Peakvue mode in

Pump: Should be rechecked gearbox
condition. (Inspect internal part
condition such as gear backlash,
Tolerance fitting fube oil condition,
contamination etc.)

6. Vibration Analysis Report

Any equipment whose vibration severity “Stage C (Alarm) and Stage D (Danger)” are explained an
analysis detail separately. Please see each of them as attachment,

8|Page



Vibration analysis report for GC7_BTF Plant

Tag: N-P-6871A Machine name: FIRE WATER PUMP (DIESEL} Inspected by: Sopon H.

Severity: N/A Date of data measurement: 20 May 2025 Analyst by: Warut K.

Main problem: After overhaul pump. Engine is normal
condition. Gear cannot record vibration data due to Review by: Warut K.
sensor alert overload limit.

Area: GC7_BTF
Class: B

Reference criteria

Standard Stage C (ALARM}
1S0-10816 part 6 {Engine) ClassV <14.1 »14.1-28.2 >28.2-44.6 >44.6 ’:’;I/SS
- . mm/S
Statistical alarm velocity, {Pump) <28.0 »28.0~56.0 »56.0 ~ 65.5 65,5 ]MS
Statistical alarm Acceleration of Peakvue mode. (Engine} £16.25 »16.25~32.5 »>32.5-40.5 >540.5 Pi-:'}(
Statistical alarm Acceleration of Peakvue mode. (Pump) £11.25 »11,25~22.5 >22.5-32.5 >32.5 Pﬁ-;'l(

Remark: IS0-10815 provides specific guidance for assessing the severity of vibration measured on machine in steady state, thus GCME will censiders the magnitude
of vibration, the changes in the magnitude and frequency for judging the severity of vibraticon.
Seatistical alarm was calculated from histarical measurement more than 10 times.

Machine description and vibration measurement point

Engine

Manufacturer: CATERPILLAR

Typa: DIESEL (CAT 3406C)

Power; 217-359 kw

Speed = 1,750-2,300 rpm

DE Bearing: NJA

NDE Bearing: N/A

Pump

Manufacturer: Bombas vertical gear pump
Type: N/A

Shaft input speed (P1,P2): 1,75C-2,300 rpm
DE Bearing:

NDE Bearing:

shaft output speed (P3,P4}: N/A

DE Bearing: N/A

NDE Bearing: N/A

Tooth of Gear /High speed: NfA

Toath of Gear /Low speed: N/A
GMFL=N/A

-
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Vibration analysis
= Engine
Ot . Fire Water Pump P-6871A New
N-PE871A -E2H Englne Inbeard Horlzontal
2 T T
1 Route Spectrum
20-May-25 10:10:88
OVERALL= 12,88 V.DG
RMS = 12.86
LOAD = 10,0
8 1 RPM=2058.(24.32 Hz)
u
&
4 g
£
£ g
= & 1% Engine speed
£ 1o 1
2
£
[%]
H
x
8] i
LI TJL’?!?‘?JT,‘?W}‘FW.H.cx.l?.n 0200 09 880m00 0 000 neplETiPn e S n a0 re i s B
: » o - w fe 2
Frequency In kKCPM Spec: 1116
Figi: Spectrum Plot Point E2: Diesel Engine —~ DE — Horizontal - Velotity, {(New databased setup.)
* Pump
01 - Fire Water Pump P-6871A New
. N-P6871A _-S1H Support Pump 1 Her
jd ! i " i Route Spectrum
20-May-25 10:15:25
OVERALL= 10,17 V-DG
12 RMS = 10.01
T T LOAD = 1000
RPM = 2084, (34.40 Hz)
a
a
H
E 9 _ 1
=4 &
£ g
2z &
H 3
3 g
= £
o Glms 1
= <E
by O
Ee” l y
3 I ) J +
=
g
il
1'% jﬁm.?l:h?.jjf.?li o bplie d op o .uj b ﬂ_,_IuJﬁl'r..ﬁ. oo
o! 20000 40000 60000 86000 120080 E’,‘;‘.‘,i 2105361
Frequency in CPM Spec:  4.366
Fig2: Spectrum Plot Paint 51: Support pump — Horizontal ~ Velocity. (New databased setup.)
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Vibration analysis report for GC7_BTF Plant

o1 - Fire Water Pump P-6371A New
N-PEBT1A 51V _Suppant Pump 1 Ver

' Route Spectrum
20-May-25 10:14:03

OVERALL= 15.77 V-DG
12 RMS = 16,17

4 L0AD=1000
RPM = 2060, (34,34 Hz)

o
&
"
E
£ ol 1
£
-y
o
K kS
o @
= 4
2 18 1
® S i
: /
£ /
= 7
3l = 4 4
-
o
]
&
i T
0 ﬂ' & b Wbzl dobol o o o p 5ol Enﬁ?-—.r-—..unm—-j—j‘;hnm- RRAN
o » @ % 1 G 100
Fregquency in kGPM Gpec:  1.047

Fig3: Spectrum Plot Point 51: Support pump — Vertical —Vgiocity. (New databased setup.)

01 - Fire Water Purmp P-6871A New
N-PEET1A -S1A Support Pump 1 Axial

BT ! j Route Spectrum
20-May-25 10:15:04
OVERALL= 8,02 V-DG
RMS = 815

2 + LOAD =100.0
RPM = 2057. {34.28 Hz}

RMS Velocity in mmiSec
+
— k02066 1% pump input speed

Iﬁ’u?ﬁﬂ‘m? T&ﬂ-« o D8 b mle Tl I oo ?II F o oo oo oo i IAL Yk 2

[} L
Freg; 2.063
Q 30 &0 <0 120 orde: 1.003
Fregquency n kCPM spec; 760

Figd: Spectrum Plot Paint 51; Support pump — Axial —Velacity. (New databased setup.)
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Inspection Finding

*  Engine: The overall velocity of vibration at point E2 Engine DE in horizontal direction was 12.89 mmy/s, RMS and
enter to “Stage A (Good)” severity by refer I1SO 10816-6. The FFT spectrum shown deminant peak at 1x of engine
speed and its harmonics also amplitude is in fimit. Engine is in normal condition. {Fig 1}

®  Gearbox/Pump: After overhaut pump,

1. At gearbox cannot record vibration data due to sensar alert overload limit.

2. The overall velocity of vibration at paint S support pump in horizontat direction was 10.17 mm/s, RMS. The FFT
spectrum shown dominant peak at 1x of pump input speed and its harmonics. And shown FFT spectrum around
10,000 - 20,000 CPM suspect gear frequency. (Fig 2)

3. The overall velocity of vibration at point 51 support pump in vertical direction was 15.77 mm/s, RMS. The FET
spectrum shown dominant peak at 1x of pump input speed and its harmonics. And shown FET spectrum around
10,000 — 20,000 CPM suspect gear frequency. (Fig 3)

4. The overall velocity of vibration at point $1 support pump in axial direction was 8.02 mmy/s, RMS. The FFT
spectrum shown dominant peak at 1x of pump input speed and its harmonics. (Fig 4)

5. Can measurement vibration at support pump only,

Conclusion
" Engine: Normal condition.
*  Gearbox/Pump: Gear cannot record vibration data due to sensor alert overload limit.

Recommendation
*  Engine: Should be keep monitor trend of vibration and Peakvue mode in routine interval,
* Pump:
1. Should be recheck gearbox condition. {Inspect internal part condition such as gear backlash, Tolerance fitting
lube oil condition, contamination etc.)
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Appendix A
OQverall vibration

Database: GC7_(BTF).rbm

Area: GC7
MEASUREMENT POLNT QVERARLL LEVEL
N~26871A - Fire Water Pump P-6871A New {20-May-25}
CVERALL LEVEL
ElE - Engine Outboard Horizoental 8,816 mm/Sec
E1P - Engine Outbeard Hor:z Peakvue 26.12 G-s
E1V - Engine Outboard Vexrtical 6.508 mm/Sec
E1A - Engine Outboard Axial 7.507 mu/Sec
E2E - Engine Inhoard Horizontal 12,89 mm/Sec
E2P ~ Engine Inboard Horz Peakvue 11.16 G-s
E£2V - Engine Inboard Vertical 6.588 mm/Sec
E2A - Engine Inboard Axial 7.146 mm/Sec
g1 ~ Support Pump 1 Hox 10.17 mm/Sec
51P - Support Pump 1 Horz Peakvue 5.704 G-s
£iV - Support Fump 1 Ver 15.77 mm/Sec
S1A - Suppoxt Pump 1 Axial 8.020 mm/Sec
Clarification Of Vibxation Units:
Acc > G=s P-P
Vel «=>» mm/Sec RMS
Appendix B

Vibration Severity Listing

The following noteworthy information is 2 description of each stages of vibration severity.

 Fault in low level:
The lower limit that could be reasonably expected from the best application of the normal commercial manufacturing practice.

| Keeps Monitoring Failure Trend:

A vibration severity level that is readily achievad by the great majority of machine that is well designed and constructed.

- Stage C {Alarm} Requires Attention at Next Opportunity:

A vibration severity level that is greater than normally expected from well designed and constructed machines/equipment,
indicating a possible fauit in the system. Provided that the vibration is not due to an unacceptable fault that will cause deterioration
of the machines, or the vibration does not have other undesirable or unacceptabie effects, that such a vibration level may be

acceptable.

Reguires Immediate Attention:
Vibration values within this zone are normally considered to he of sufficlent severity to cause damage to the machine.

SlPage



Vibration analysis report for GC7_BTF Plant

Appendix C: Data collection by €S12140

Vibration Analyzer: CS| 2140 No.14

Serial No.: B21402218840

Calibration Date: 08-Aug-23

Calibration Due: 08-Aug-25
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Vibration Report
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PTT Global Chemical Public Company Limited (GC7 BTF Plant)
Month of Survey and Data Collection: June 2025

Inspected by: CHAIWAT PAEWPOLSONG
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Condition Monitoring Service
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Graie’ GC Maintenance and Engineering Company Limited
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GC Maintenance and Engineering Co., Lid. jun 2025

Vibration condition monitoring

1. Executive Summary
Measurement Start-Finish: 17, 20 and 24 June 2025

Measurement plan 93 Equipment.
Checked 10 Equipment.
Machine did not operate 83 Equipment.

As show in Fig 1 And Table 1

| Checked |
11_% ;

operate
89%

m Checked = Machine did not operate

Fig 1

Table 1: Summary of Collected of vibration on PTT GC7 BTF

Item/Status Measurement plan Grand Total
Unit 93 93
Percentage 100% 11% 89% 100%
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GC Maintenance and Engineering Co., Ltd.

Jun 2025

During this period, GCME has collected a vibration data are 10 Equipment. The result can be
categorized into each severity kindly see attachment more detailed as following list.

Stage A {Good)
40% !

@ Stage D {Danger)

Severity

Unit

Stage D (Dan.ge.r) ;

= Stage C {Alarm)

% Stage B (Fair)

R —
E Stage C (Alarm) i
10% !

s
; Stage B {Fair)
50%

2 Stage A (Good)

Grand Total

10

Parcentage

0%

40%

100%

2. Introduction

PTTGC and GCME has officially signed a yearly contract of “Vibration Monitoring” which a
contract’s intention is to request GCME to collect a vibration data of specified equipment in
accordance with a particular schedule. Vibration data gathered regularly shall be interpreted

technically to PTTGC for further action.

Vibration data is carefully collected using portable device branded by EMERSON CS| whose model
is “CS12140; SN: B21402218840 and SN: B21401205571" equipped with an industrial standard
accelerometer (CTCSN: 22730 and CTC SN: 323737) Software used for analysis is AMS Machinery

Manager.
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GC Maintenance and Engineering Co., Ltd. jun 2025

3. Reference Standard

In order to clearly certify a vibration severity of any equipment, an official international
standard which is not only well recognized by worldwide equipment user but also approved by
international organization shall be referred to.

PTTGC and GCME agreed to officially apply I5010816-3 standard for vibration severity

assessment for any equipment operated in Refinery plant (PTTGC Branch 6). The vibration
severity chart which is an excerpt from 1IS010816-3 is shown as the following table herewith.

150 10816 Part 3

Indesir] Machines with pomis) pover sbore 15 KW 1nd nomies | speads betwoer: 120 rpm and 15,000 rpm when meisurid i

Velacdy Pamps> 15 KW fleckum Size Machines Large Bachines
101000 s 7 600 1y Radial, Axial, Mixed Fiow 15 kW <Pover <300 KN | 300 kW <Power <50 MV
21000 Hz, r> 130 e Grosp 4 Group 3 Growp 2 Gomp §

Deiver | FxiernalDriver | 160 won <Molor Fieight <315mm | 315 mm < Motor Beighd
Limif, oo, T i | Fexbke | Rpd | Flexbie Fexbe Rik Flexdie
>1u8

1ta. 188

11-10 R L

-7l € C e e e e

35-45 S ¢

18-35 S C

.28

14-23

87-14

[TH Y]

Newly Commnstssioned
Unrestriced lotp-term operation
Restriced long-{erm eperation

Vibration causes damape

Vibration Peakvue Acceleration Severity

AL L S
Speed of Machine (RPM) tageC(ALARM)
500 <0.56 >056-1.41 | >1.41-5.08 >5.08
1000 <1.13 >1.13-2.82 | >2.82-9.87 >9.87
1500 $1.68 >1.68-3.95 | >395-11.28 | >11.28
3000 £3.95 >3.95-8.46 | >8.46-28.2 >28.2

5lPage



GC Maintenance and Engineering Co., Ltd. Jun 2025

4. Vibration Severity Listing

Stage of vibration severity and Legend used in a report
The following noteworthy information is a description of each stage of vibration severity.

St B IANGERE] Requires immediate Attention,

A level of vibration severity at which the probability of a sever fault of machine
condition, or other deleterious effects of vibration are considered to be
unacceptably high

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines é,
radial, axial, mixed flow 15 kW<P<300 kw 300 kW<P<50 kw g
Integrated driver External driver Maotor 160mm < H <315mm Motor 315mm < H v
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible g
>45 >71 >71 > 11 >45 >7.1 >71 =11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 5?.
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM ‘%
>18 >3.5 >10 v
Stage 3: StageC (ALARM) Requires Attention at Next Opportunity.
A vibration severity level that is greater than normally expected from well designed and
constructed machines/equipment, indicating a possible fault in the system. Provided that
the vibration is not due to an unacceptable fault that will cause deterioration of the
machines, or the vibration does not have other undesirable or unacceptable effects,
that such a vibration level may be acceptable.
Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines ?,
radial, axial, mixed flow 15 kW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Mator 160mm < H <315mm Motor 315mm < H @
Rigid Flexible Rigid Flexible Rigid Flexible Rigid " Flexible g
»28-45 >45.71 >45-7.1 »71.11 »>28-45 >45-71 >45-7.1 >7.1-11
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm ;?
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>0.5 >1.0 >3.0 i
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s

Stage 2: = Stage B (FAIR)" Keeps Monitoring Failure Trend.
A vibration severity level that is readily achieved by the great majority of machine

that is well designed and constructed.

Group 4 Group 3 Group 2 Group 1 =
Pumps > 15 kW Medium sized machines targe sized machines ,,3,
radial, axial, mixed flow 15 kW<P<300 kW 300 kw<P<50 kW ‘g
Integrated driver External driver Mator 160mm < H <315mm Motor 315mm < H &
Rigid Flexibie Rigid Flexible Rigid Flexible Rigid Flexible E
>14-28 »2.3-45 »23.45 »>35-71 >14-28 »23-45 >23.45 >35.71 7
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) "§"
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 5?
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
>0.2 >0.4 >14 v

The lower limit that could be reasonably expected from the best application of

the normal commercial manufacturing practice.

Group 4 Group 3 Group 2 Group 1 -
Pumps > 15 kW Medium sized machines Large sized machines 2
radial, axial, mixed flow 15 KW<P<300 kW 300 kW<P<50 kW g
Integrated driver External driver Motor 160mm < H <315mm Motor 315mm<H o
Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible §
<14 €23 <23 535 <14 <23 £23 <35 v
Vibration Peakvue Acceleration Severity (Shaft Diameter Speed) 5
Dia between 200 & 500 mm Dia between 50 & 300 mm Dia between 20 & 150 mm 5?
Speed < 500 RPM Speed Between 500 & 1000 RPM | Speed is either 1800 or 3600 RPM %
<02 <04 <14 v
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GC Maintenance and Engineering Co., Ltd.
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5. Vibration Summary Report
Please see the attached table of “Vibration Summary Report”

1 N-P-6871A |5 Stagé C/| Confirm vibration after overhaul pump.
Yy Engine: Normal condition.

Gearbox/Pump: Gear cannot record
vibration data due to sensor alert
overtoad limit. Suspect gear problem.
{Mechanical looseness / worn gear
problem.)

Engine: Should be keep monitor trend
of vibration and Peakvue mode in
routine interval.

Pump: Should be rechecked gearbox
condition. {Inspect internal part
candition such as gear backlash, gear
teeth condition, tolerance fitting, lube
oil condition, contamination etc.) Qr
plan to overhaul gearbox.

6. Vibration Analysis Report

Any equipment whose vibration severity "Stage C (Alarm) and Stage D (Danger)” are expiained an

analysis detail separately. Please see each of them as attachment.

lPage




Vibration analysis report for GC7_BTF Plant

Tag: N-P-6871A Machine name: FIRE WATER PUMP (DIESEL) inspected by: Sapon H.
Severity: Stage C (Alarm) Date of data measurement: 20 June 2025 Analyst by: Warut K.

Main problem: Confirm vibration. (After overhaul

pump.} Engine is normal condition. Gear cannot record

vibration data due to sensor alert overload fimit. Review by; WarutK.
Suspect gear protlem. {Mechanical looseness / worn

gear problem.}

Area: GC7_BTF
Class: B

Reference criteria

Standard | Stage C{ALARM)
ISO-10816 part G {Engine) Class v $14.1 »14.1-28.2 >28.2 - 446 244.6 “'m; s
Statistical alarm velocity, (Pump) $18.0 »18.0 - 35.5 >3558 w535 >53.5 ﬂ;l'l:‘lqlss

Remark: 1S0-10816 provides specific guidance for assessing the severity of vibration measured on machine in steady state, thus GCME will considers the magnitude
of vibration, the changes in the magnitude and frequency for judging the severity of vibration.
Statistical alarm was calculated from historical measurement more than 10 times,

Machine description and vibration measurement point

Engine

Manufacturer: CATERPILLAR

Type; DIESEL {CAT 3406C)

Power: 217-359 kw

Speed = 1,750-2,300 rpm

DE Bearing: NfA

NDE Bearing: N/A

Pump

Manufacturer: Bombas vertical gear pump
Type: N/

Shaft input speed (P1,P2): 1,750-2,300 rpm
BE Bearing:

NODE Bearing:

Shaft output speed (P3,P4): N/A

DE Bearing: N/A

NDE Bearing: N/A

Taoth of Gear /High speed: N/A

Tacth of Gear /Low speed: NfA

GMF1 = N/A
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Vibration analysis
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RMS Velacity in mmiSec

P Acceleration in G-s
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01 - FIRE WATER PUMP (DIESEL)
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Inspection Findin
" Engine: The averall velocity of vibration at point £2 Engine DE in horizontal direction was 12.11 mm/s, RMS and
enter to “Stage A (Good)” severity by refer 1SO 10816-6. The FET spectrum shown dominant peak at 1x of engine

speed and its harmonics also amplitude is in limit. The engine is in normal condition. {Fig 1)

= Gearbox/Pump: Confirm vibration after overhau! pump.

1. Atgearbox while recorded vibration find sensor alert overload limit.

2. The overall velocity of vibration at point P1 gear input shaft DE in vertical direction was 47.59 mrr/s, RMS and
enter to “Stage C (Alarm})” severity by refer statistical alarm. The FET spectrum showed a dominant peak at 1x of
gear input speed and its harmonics. And showed FFT spectrum around 10,000 ~ 20,000 CPM suspect gear
frequency. The FFT spectrum shown below 1x suspected indicate to sensor alert overload limit. {Fig 2)

3. The overall velocity of vibration while continuously recorded at point P1 gear input shaft DE in vertical direction
found vibration swing around 22.0 {fowest) to 400.00 (highest) mm/s, RMS. Resulting in over limit of sensor. (Fig
3)

4. The overall velocity of vibration at point P4 gear output shaft NDE in vertical direction was 30.80 mmy/s, RMS The
FFT spectrum showed a dominant peak at 1x of gear input speed and its harmonics. And showed FFT spectrum
around 10,000 - 20,000 CPM suspect gear frequency. And FET spectrum at 90,000 — 120,000 CPM shown
increasing of noise floor suspect gear problem. The FFT spectrum shown below 1x suspected indicate to sensor
alert overload limit. (Fig 4)

5. The overall velocity of vibration while continuously recorded at point P4 gear output shaft NDE in vertical direction
found vibration swing around 30.0 (lowest) to 200.0 (highest) mm/s, RMS. Resulting in over limit of sensor. [Fig
5)

6. The time waveform plot at point P4 gear output shaft NDE in vertical direction shown increasing of random
vibration which induced increasing of noise floor in FFT spectrum suspect gear problem. [Fig 6)

7. The overall velocity of vibration at point S1 supports purnp in horizontal direction increasing slightly from 10.17
to 15.52 mm/s, RMS. The FFT spectrurm shown dominant peak at 1x of pump input speed and its harmonics, And
shown FFT spectrum around 10,000 ~ 20,000 CPM suspect gear frequency. (Fig 7)

8. Found abnormal noise {very roundly) around gear input shaft on site,

8. Found sensor moving while mounting sensor on point P1 gear input shaft DE in horizontal direction for data
sampling vibration.

Conclusion
"  Engine: Normal condition.
*  Gearbox/Pump: Gear cannot recard vibration data due to sensor afert overfoad limit.
Suspect gear problem. (Mechanical looseness / worn gear problem.)

Recommendation
*  Engine: Should be keep moniter trend of vibration and Peakvue mode in routine interval.
" Pump:

1. Should be recheck gearbox condition. {Inspect internal part condition such as gear backlash, gear teeth
condition, tolerance fitting, lube oil condition, contamination etc.) Or plan to overhaul gearbox.
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N-P-6871A

N-P=-6871A

N-P-6871A

H-P-6BTLR

N=-2-6B71A

N-P-6871A

N-P=-6B7LA

K-P-6B71A

Database:
Area:

Appendix A
Overall vibration

GC7_(BTF) .zbm
clo)

period Reported: O03-Sep-24 Te 23-Jun-25

fquipment 1: FIRE WATER PUMP (DIESEL)

El1H~Engine

El1p-Engine

BlV-Engine

ElA-Engine

E2B-Engine

£22~-Engine

E2V-Engine

E2A~Engine

DATE TTIME CVERALL

Cutboard Horizontal
mm/ Seq
03-Sep-24 14:16 11.54
08-Oct=24 15:47 11.02
05~-Nov-24 14:26 9.773
03-Dec-24 10:16 8.936

20~Jun-25 34:05 11.02 --> Confirm vibration aftex overhaul) pump.

Outboard Horz Peakvue
G-3
03-Sep-24 14:16 15.39
pg~Oct-24 15:47 23.59
05-Nov~24 14126 23.03
03-Dec-24 10:16 24.64
20-Jun-25 314:05 19.48

Outhoard Vertical

mm/Sec
03-Sep=-24 14:17 16.36
08-0ct=~24 15:47 11.83

05~Nov-24 14:27 14.68
03~Dec~24 10:16 10.33
20-Jun-25 14:086 12.11

Qutboard Axial
nmf Sec
03~-Sep-24 14:17 5.719
08-0Oct=-24 15:4B 8.277
05-Nov=-24 14:27 8.790
03-Dec=24 10:16 7.748
2¢-Jun-25 14:06 5.416

Inboard Horizontal
mm/Sec
03-Sep-24 14:18 11,583
08-0ct-24 15:48 15,981
0S5=Nov-24 14:27 14.08
03-Dec~24  10:17 12.13
20~Jun-25 14:06 10.97

Inboard Horz Peakvue
G-s8
03-Sep~24 14:18 8.593
08-0ck=24 15:48 10.63
05-Nov-24  14:27 10.50
03-Pee-24  10:17 11.69
20~Jun-25 14:06 12.46

Inboard Vertical

03-Sep-24 14:18 18.39
0B-Oct~24 15:4% 15.52
05-Nov~24 14:27 16.50
03-Dee-24 10:17 11.58
20-Jun=-25 14:07 9.578

Inboard Axial

D3-Sep-24 14:18 4
08-0Oct-24 15:49 5.
§5-Nov-24 14:28 5.290
03=-Dec-24 10:17 5

4

20=-Jun-25 14:07 L2386
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N-P-6871R - PlH~Pump Inboard Horizontal

mm/Sec
20-Jun~-25 14:0} 41.28 -=-> Confirm vibration after overhaul pump.
N-P-6871A -~ PlP-Pump Inboard Horz Peakvue
G-s

20-Jun-25 14:01 38.51

N-P-6871h - P1V-Pump Inboard Vertical
mmn/Sea
20-Jun=25 14:07 47.5%

N-P=6871R =~ P2H~Pump Outboard Horirontal
mm/ See
20-Jun=25 14:03 32.48

N-P-6871a -~ P2P-Pump Outboard Horz Peakvue
G=5
20-Jun-25 14:03 39.76

N-P-6871lA - P2V-Pump Outboard Vertical
mu/ Sec
20=Jun-25 14:03 21.54

N-P-6871A - P2A-Pump Outboard Axial
wm/Sec
20-Jun~-25 14:05 19.11

N-P-6871A - P3H-Pump Inboard Horizontal
mm/ Sec
20-Jun-25 14:08 26,99

N-P-6871A -~ P3P-~Pump Inboard Hor: Peakvue
G-8
20-Jun=25 14:05 36.92

N~P-6871a -~ P3V-Pump Inboard Vertical
mm/Sec
20-Jun=25 14:68 16.95

N-P-6871A -~ P3A-Pump Inboard Axial
mm/Sec
20~Jun~25 14:06 14.52

N-P~6871A =~ PAH-Pump Outhoard Borizontal
mm/Sec
20~Jun-25 14:06 18.68

H-P-6871A -~ P4P-Pump Outboard Horz Peakvue
Gus
20-Jun~25 14:086 30.57

N-P-6871R =~ PAV-Pump Outboard Vertical
mm/Sec
20=Jun-25 14:07 30.80

H-P-6871A - P4A~Pump Outboard Axial
mm/Sec
20=Jun-25 14:07 16.03

N-P-6871R -~ S1H-Support Pump 1 Hor
mn/Saec
20-May-25 10:13 10.1% ==> After overhaul pump,
20-Jun=25 14:11 15.52

N-P-6871A -~ S1P-Support Pump 1 Horz Peakvue
G-s
20-May=-25 10:13 5.704
20-Jun~-25 34:11 13.73

N-P-6B71A ~ SIV-Support Pump 1 Ver
mn/ Sec
20-May-25 10:14 15.77
20-Jun~25 14:11 i2.77

N-P-6871A ~ S1A-Support Pump 1 Axial
mm/ Sec
20-May~25 10:15 8.020
20-Jun~25 14:12 8.32¢
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N-P-6871A - Tl -Temp engine NDE

c
03-Sep-24 14:23 87.10
08-0ct-24 15:57 87.00
05-Hov-24 14:33 80.00D
03~Dec-24 10:19 75.00
20=-Jun=-25 14:08 67.00

N-P-6871A - T2 ~Temp engine DE

03-Sep-24 14:23 88.40
08-0ct=-24 15:57 89.00
D5-Nov-24 14:33 86.00
03-Dec~24 10:19 88.00
20-Jun=25 14:08 80.00

N-p-6871A - T3 ~Temp pump DE

03-5ep-24 14:23 44.10
08-0Out-24 15:57 42 .80
05-Nov-24 14:33 35.00
03-Dea-24 10:19 34.00
20-Jun-25 14:08 40.00

N-P-6871A - T4 -Temp pump NDE

Cc
D3-Sep-24 14:24 52,70
0B-Qct-24 15:57 53.00
0S-HNov-24 14:33 48.00
03-Dec-24 10:18 40.00
20«Jun~25 14:08 39.00

N-P~68718 - TS ~Temp pump DE

03-Sep=-24 1l4:24 40.1¢
08-0ct-24  15:57 4£31.00
05-Mov-24 14:33 4%.00
03-bDec~24 10:1% 33.00
20-Jun-25 14:08 32.00

N-P~68T1A « T6 -Temp pump NDE

C
03-Sep-24 14:24 31.00
08-0Cct-24 15:58 32.00

05-Nov~24 14:33 32.00
03-Dec-24  10:19 33.00
20-Jun~25 14:08 31.00

N-P-6871A - DP ~bischarge pressure
Bar
03-Sep-24 14:24 13.50
08~0Oct-24 15157 13.50
05-Nov=24 14:34 13.50
03~Dec-24 10:20 12.00
2¢-Jun-25 14:09 12,00

H-p-6871R - Sp -Speed
Rpm
03«5ep-24 14:23 2093.0
¢8-0Oct=24 15:57 2093.0¢
05-Nov~24 14:34 2097.0
03-Dec=-24 10:20 2088.0
20-Jun-25 14:09 2054.0

Clarification Of Vibration Units:
Ace —-—> G- P-P
Vel --> mm/Sec RMS
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Appendix B

Vibration Severity Listing
The following noteworthy information is a description of each stages of vibration severity.

The lower limit that could be reasonably expected from the best application of the normal commercial manufacturing practice.

B SNy
- Stage } Keeps Monitoring Failure Trend:

A vibration severity level that is readily achleved by the great majority of machine that is well designed and constructed.

- Stage C (Alarm) Requires Attention at Next Opportunity:

A vibration severity level that is greater than normally expected from well designed and constructed machines/equipment,
indicating a possible fault in the system. Provided that the vibration is not due o an unacceptable fault that will cause deterioration
of the machines, or the vibration does not have other undesirable or unacceptable effects, that such a vibration level may be
acceptable.

Requires Immediate Attention:
Vibration values within this zone are normally considered to be of sufficient severity to cause damage to the machine.

Appendix C: Data collection by €512140

Vibration Analyzer: C51 2140 No.14
Serial No.: B21402218840

Calibration Date: 09-Aug-23

Calibration Due; 08-Aug-25
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