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1 Introduction

This document describes the AUTOMATIC of the UNIT 323: CYCLE COMPRESSORS 
Note: UNIT 324: LIQUEFIER & LOADING BAYS is described in a dedicated document: 
C1192 NT 115
Note: UNIT 325: LOADING BAYS Procedures are described in a dedicated document: 
C1192 NT 116

Note: UNIT 324 & 325: LIQUEFIER & LOADING BAYS: Alarms, Trips & Interlocks 
C1192 NT 117
2 General

WARNING

WARNING: Before pressurization, the Gas in the Unit 323, 324 and 325 shall be clean:

· Impurities: 
N2, O2, Ne: <50 ppmv.

· Moisture: 
Dew Point < -60°C

WARNING: Position of Manual Valves shall be verified.
CYCLE COMPRESSORS: PRE-REQUISITES
To be verified by the operator:

	
	· CYCLE COMPRESSORS: NO ACTIVE DEFAULTS

	
	· CYCLE COMPRESSORS: AUTOMATIC VALVES: 
IN AUTO MODE

	
	· CYCLE COMPRESSORS: MANUAL VALVE: 
IN NORMAL POSITION


[image: image39]CYCLE COMPRESSORS: SFC Chart
Note: For 323-G-100, 200, 500, 600, 501, 601 ( The program is based on FLD. Ref: HE2-D-323-1370-200
[image: image1.emf]G 000 - GENERAL

G 100 – LP Compressor – 323 K 001 A

G 200 – LP Compressor – 323 K 001 B

G 500 – HP Compressor – 323 K 002 A

G 600 – HP Compressor – 323 K 002 B

G 501 – FORS – A

G 601 – FORS – A


2.1 CYCLE COMPRESSOR: VALVES
2.1.1 Valves: Linear & Equal %
2 Types of valves are used on the Liquefier: “Equal Percent” and “Linear”: The action of these valves on the process is related to their characteristics, and this shall be considered while operating the valves.
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Valves: Characteristics
For Pressure Control, the following valves have been selected: Ref. C1192 NT 159.
	TAG
	
	FLOW
	CHARACTERISTICS
	

	LP
	
	
	
	

	323 PV 811A
	Large HP ( LP
	50 to 1000g/s
	Cv = 30 
+ Lo DB
	LINEAR

	323 PV 811B
	Small HP ( LP
	10 to 150 g/s 
	Cv = 6 
+ Lo DB
	LINEAR

	811C
	Small MP ( LP
	10 g/s to 180 g/s
	Cv = 15,7
	LINEAR

	MP
	
	
	
	

	323 PV 821A
	Large HP ( MP
	120 to 4300 g/s
	Cv =133
	LINEAR

	323 PV 821B
	Small HP ( MP
	30 to 360 g/s
	Cv = 15,3
	LINEAR

	HP
	
	
	
	

	323 PV 810A
	UNLOAD
	70 g/s @ Drum = 18b
	Cv = 10
	LINEAR

	323 PV 810B
	LOAD
	50 g/s @ Drum = 3b
	Cv = 7
	LINEAR

	BUFFER
	
	
	
	

	323 PV 812
	Buffer ( GB
	171 g/s (when buffer is full)
	Cv = 10
	=%


Note: The characteristics of these valves have a direct impact on the system operation.
3 Control Loops

3.1 PRESSURE CONTROL: PFD

The pressure controls of the Unit 323 are based on 8 Valves installed on a dedicated control panel.

· HP: 
~ 21.0 Bara: 
Uses 2 valves connected to the buffer tank:



- HP is high: Cycle is unloaded: 
He to the Buffer:
323 PV 810 A 



- HP is low: Cycle is loaded: 
He from the Buffer.
323 PV 810 B
· MP: 
~ 5.00 Bara: 
Uses a HP-MP by-pass (2x Valves) allowing increasing the MP.
323 PV 821 A&B
· LP: 
= 1.05 Bara: 
Uses 2 By-Pass returning gas to the LP:




- a MP-LP (1x Valve ) by-pass allowing increasing the LP.
323 PV 811 C



- a HP-LP (2x Valves) by-pass allowing increasing the LP.
323 PV 811 A&B
· [image: image41.png]ﬂAIR LIQUIDE



DRUM: 
~ 17.00 Bara: 
Uses a Drum to Gasbag Valves allowing unloading the Drum.
323 PV 812

Note: The MP to LP by-pass valve is used as a primary control. It will shave the extra capacity of the LP Compressors in order to reduce the flow rate to be processed by the HP Compressors operation (Less flow from LP, more room available for flow from Liquefier).
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3.2 323 PIC 811: LP

3.2.1 323 PIC 811: Parameters
	323 PC 811
	Object :
	Compressor Station LP 

	
	Actuator :
	324 PV 811 A, B, C Split Range

	
	Process Value:
	323 PT 811

	
	Set Point :
	~1.05 Bara 
/ To be higher than Atm.

	
	Action :
	Indirect


3.2.2 323 PIC 811: Principle

The LP is controled by 1 single control loop connected to 3 Valves which recycle gas from the MP and HP:


- 323 PV 811 C: 
Up to 20% of overall LP Capacity: 200 g/s


Used to shave the extra capacity from the LP compressor: 


The flow is directly recycled without impacting the HP compressors.

- 323 PV 811 B:
Up to 20% of overall LP Capacity: 200 g/s


Used in Normal Operation to adapt the flow to the Liquefier.

- 323 PV 811 A:
Up to 100% of overall LP Capacity: 1000 g/s


Used in Off Design Operation to adapt the flow to the Liquefier.
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	Start to Open at
	Finish to Open at
	Min Opening
	Max Opening

	323 PV 811 C
	CV = 0%
	CV = C2
	0%
	C Max

	323 PV 811 B
	CV = B1
	CV = B2
	0%
	100%

	323 PV 811 A
	CV = A1
	CV = 100%
	0%
	A Max


Note: The parameters A1, B1, B2, C2, A Max, and C Max shall be accessible from the HMI.

Note: Typically, C2 = B1+3% and B2=A1+3%, in any case: C2 ≥ B1 and B2 ≥ A1.

3.2.3  323 PC 811: Interlocks

The Cycle LP is controlled by 323 PC 811, which controls 3 valves in Split Range. These valves return gas from the MP and HP to the LP to maintain a constant pressure. Nevertheless, if the LP compressors are stopped and if the LP is high, these valves shall be closed.
If 323 PT 811 is above 1.5 Bara and if the LP Compressors are OFF, the 3 Valves shall shut off immediately. Once the valves are OFF, 323 PC 811 can remain active.
	· 323 K 001 A Stopped

· 323 K 001 B Stopped

· 323 PT 811 > 1.5 Bara
	- AND (
	· 323 PV 811 A CLOSE

· 323 PV 811 B CLOSE

· 323 PV 811 C CLOSE

· 323 PC 811 Out Put forced to 0%

	Note: No LP ON
	(
	Note: All HP, MP to LP By-Pass CLOSE.

Note: 323 PC 811 Remain ON.


3.3 323 PIC 821: MP

3.3.1 323 PIC 821: Parameters
	323 PC 821
	Object :
	Compressor Station MP 

	
	Actuator :
	324 PV 821 A, B Split Range

	
	Process Value:
	323 PT 821

	
	Set Point :
	~5.00 Bara

	
	Action :
	Indirect


3.3.2 323 PIC 821: Principle

The MP is controlled by 1 single control loop connected to 2 Valves which recycle gas from the HP.


- 323 PV 821 B:
Up to 20% of overall HP Compressors Capacity: 900 g/s


Used in Normal Operation to adapt the flow to the Liquefier.

- 323 PV 821 A:
Up to 100% of overall HP Compressors Capacity: 4500 g/s


Used in Off Design Operation to adapt the flow to the Liquefier.
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	Start to Open at
	Finish to Open at
	Min Opening
	Max Opening

	323 PV 821 B
	CV = 0%
	CV = B2
	0%
	100%

	323 PV 821 A
	CV = A1
	CV = 100%
	0%
	A Max


Note: The parameters A1, B2 and A Max shall be accessible from the HMI.

Note: Typically, B2 = A1+3%, in any case: B2 ≥ A1.

3.3.3 323 PIC 821: Interlocks

The Cycle MP is controlled by 323 PC 821, which controls 2 valves in Split Range. These valves return gas from the HP to the LP to maintain a constant pressure. Nevertheless, if the HP compressors are stopped and if the MP is high, these valves shall be closed.

If 323 PT 821 is above 6.0 Bara and if the HP Compressors are OFF, the 2 Valves shall shut off immediately. Once the valves are OFF, 323 PC 821 can remain active.
	· 323 K 002 A Stopped

· 323 K 002 B Stopped

· 323 PT 821 > 6.0 Bara
	- AND
	· 323 PV 821 A CLOSE

· 323 PV 821 B CLOSE

· 323 PV 821 C CLOSE

· 323 PC 821 Out Put forced to 0%

	Note: No HP ON
	(
	All HP to MP By-Pass CLOSE.

Note: 323 PC 821 Remain ON.


3.4 323 PIC 810: HP

3.4.1 323 PIC 810: Parameters
	324 PC 810
	Object :
	Compressor Station MP 

	
	Actuator :
	324 PV 810 A, B Split Range

	
	Process Value:
	323 PT 810

	
	Set Point :
	~21.00 Bara

	
	Action :
	Direct


3.4.2 323 PIC 810: Principle

The HP is controlled by 1 single control loop connected to 2 Valves which LOAD and UNLOAD the Cycle.


- 323 PV 810 A:
Up to 50% of the Feed Gas when Drum is Full: 120 g/s


Used to unload the cycle and thus to decrease the cycle HP.

- 323 PV 810 B:
Up to 100% 
of the Feed Gas when Drum is Full: 
240 g/s


Up to 15% 
of the Feed Gas when Drum is Empty: 
40 g/s


Used to load the cycle and thus to increase the cycle HP.
[image: image8.emf]LP

HP

MP

Surge Drum

PV 810 A

PV 810 B

P

PT 810

PSA

P

PT 811


[image: image9.emf]323 PC 810
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	Stay at 0%
	0%
	100%

	323 PV 810 A Unload
	CV ≤ A1
	CV = A1
	CV = 100%

	323 PV 810 B Load
	CV ≥ B1
	CV = B1
	CV = 0%


Note: The parameters A1, B1 shall be accessible from the HMI.

Note: Typically, A1 = 50 - 2% and B1 = 50 + 2% in any case: B1 ≥ A1.

3.4.3 323 PIC 810: with 323 PV 810 A ONLY
323 PC 810 can be used with 323 PV 810 A ONLY:
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- When the HP compressors are ON and the LP Compressors are OFF, the valve 323 PV 810 A will release HP overpressure to the Surge Drum. However, the valve 323 PV 810 B connected to the suction of the LP compressors will remain closed. Indeed, opening 323 PV 810 B will result in an increase of the LP (323 PT 811), but will have no effect on the HP (323 PT 810).

- When 323 PC 810 is activated with 323 PV 810 A ONLY, the output of the controller is blocked between A1 and 100%. When the LP compressors are online (Step 430 and 500 of G000 – General sequence), the output of 323 PC 810 is slowly relieved [A1 – 100%] ( [0% - 100%].
Note: Refer to Cause & Effects for further details.
3.4.4 323 PC 810: Interlocks

The Cycle HP is controlled by 323 PC 810, which controls 2 valves in Split Range. These valves allow adapting the mass of gas present
· 323 PV 810 A allows unloading the cycle 
(Gas from Compressors HP discharge to Buffer)

· 323 PV 810 B allows loading the cycle 
(Gas from Buffer to Compressors LP Suction)

323 PC 810 OUTPUT will be set with a minimum so that 323 PV 810 B cannot open.
	· 323 K 001 A Stopped

· 323 K 001 B Stopped
	- AND
	323 PC 810 OUTPUT LIMITS: A1-100%
- 323 PV 810 A: CONTROL
- 323 PV 810 B: CLOSE

	Note: No LP Compressor ON
	(
	HP Control will only Unload


3.5 323 PIC 812: Surge Drum Pressure

3.5.1 323 PIC 812: Parameters
	324 PC 812
	Object :
	Surge Drum Pressure

	
	Actuator :
	324 PV 812 A

	
	Process Value:
	323 PT 812

	
	Set Point :
	~17.00 Bara

	
	Action :
	Direct


3.5.2 323 PIC 812: Principle

The Surge Drum Pressure is controlled by 1 Control Loop using 1 Valve allowing depressurization to the Gasbags. If the Gas Bags are full, a valve installed upstream the gasbags will allow depressurization to the atmosphere.

- 323 PV 812:
Up to 100% of the Feed Gas when Drum is Full: 230 g/s


Used to relieve pressure of the surge drum to the Gas Bags.
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4 COMPRESSOR CAPACITY CONTROL & Slide Valves Operation
4.1 COMPRESSOR CAPACITY CONTROL: Principle

The Capacity Control has 2 main objectives: Liquefier Stability and Power Saving.

Two elements allow controlling the compressor capacity:

1. Recirculation Valve: 
0 to 25% of the compressor full flow with slide valve @ 0%.
2. Slide Valve: 
25% to 100% control the compressor capacity with recirculation valve @ 0%.
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START-UP SEQUENCE:

- Upon start-up the Load the recycle valve is fully open, and the produced flow is nil.
- Once the compressor is started, the recycle valve is slowly closed, and the produced flow is 25% of the nominal.
- Once the pressure differential is sufficient for Lubrication, the Slide Valve can be loaded, following capacity control logic.
4.2 COMPRESSOR CAPACITY CONTROL: Slide Valve Operation
4.2.1 Slide Valve: Principle

The slide valve position is controlled using two electro valves 323 ZY X14 A & B, which allows moving electro distributor. The electro distributor has 3 positions:

· LOAD

IF 323 ZY X14 B OPEN

· NEUTRAL
IF 323 ZY X14 A & B CLOSED

· UNLOAD
IF 323 ZY X14 A OPEN

The slide valve is moved by piston using oil which is directed by the electro-distributor:
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4.2.2 Slide Valve: Pulse Operation

The Slide Valve is moved back and forth by ON / OFF Electro Valves, and the Loading / Unloading speed can be difficult to control. To smoothen the Load / Unload, the ON / OFF Electro Valves are actuated by pulse.

For smooth operation the LOAD and UNLOAD EV are actuated by pulse: t0 and t1:

[image: image16.emf]time
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* Value accessible from HMI to be adjusted during start-up.
	0
	- TO FORCE SLIDE VALVE AT 0% OR 100%:
· IF SLIDE VALVE POSITION ZT >98%, 
THEN t0 FORCED TO 3 Minutes FOR LOAD EV.

· IF SLIDE VALVE POSITION ZT <2%, 
THEN t0 FORCED TO 3 Minutes FOR UNLOAD EV.


4.2.3  Slide Valve: Capacity vs Position

LP Compressors: KS50LVS - 1300kW – 1470 RPM

[image: image17.emf]
HP Compressors: KS50LX  - 4500kW – 1370 RPM

[image: image18.emf]
4.3 COMPRESSOR CAPACITY CONTROL: Capacity Adjustment
With Engineer Access, the operator can adapt the compressor station capacity. A dedicated window is available to fix the desired slide valve position for each compressor.

For stability reasons, the compressor station shall always exceed the process requirement. Lack of compressor capacity eventually results in pressure increase, and system instability. The opening of the recycle valve is a good indication of the compressor extra capacity. Thus, 323 PC 811 output being low is an indication that the capacity of the LP compressors shall be increased and 323 PC 821 output being low is an indication that the capacity of the HP compressors shall be increased.
As a safe guard, the capacity control logic will load the LP compressors if 323 PC 811 Output is low, and the HP compressors if 323 PC 811 Output is low. The thresholds (Output Mini) related to 323 PC 811 and 323 PC 821 outputs are given by the Operator.

· 323 PC 811 Output < 323 PC 811 Output Mini ( LP COMPRESSORS LOAD
The LP compressors will not be allowed to UNLOAD unless 323 PC 811 Output > 323 PC 811 Output Mini + 2%.
· 323 PC 821 Output < 323 PC 821 Output Mini ( HP COMPRESSORS LOAD
The HP compressors will not be allowed to UNLOAD unless 323 PC 821 Output > 323 PC 811 Output Mini + 2%.
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Note: It is recommended to keep 1 compressor at 100% and to adapt the capacity on only one of the compressors. If only one compressor is running, it will be forced at 100%.
Note: The compressor station parameters are not meant to be adjusted frequently, and shall be fixed for a given plant production rate.

Note: The accuracy of the slide valve position is +/- 2%.
4.4 COMPRESSOR CAPACITY CONTROL: Logic for LP Compressors

	0
	-

	(
	- AND
	· G000 STEP 500
/ General sequence in Nominal Step.
· G100 STEP 400 
/ LP Comp 323 K 001A in Nominal Step
· NO 323 PSL 139 (4)
/ LP Compressor Discharge Pressure

	
	LOAD

	
	

	
	· IF
	- AND
	· 323 PT 811 > 323 PC 811 SP – 0.02 Bara 
(2)
	THEN
(
	- LOAD
OPEN 323 ZY 114 B

WITH PULSE 

	
	· 
	
	-OR
	- 323 K 001 B 
OFF 
(3)
- 323 PC 811 PC Output 
< MINI 
(1)
	
	

	
	· 
	
	
	SET
	- 323 ZT 102 < SV TARGET 
– 2%
	
	

	
	· 
	
	
	RESET
	- 323 ZT 102 > SV TARGET 
– 1%
	
	

	
	Note: 
In order to force the slide valve at 100% when the TARGET CAPACITY is 100%,

the SV LOAD EV is open periodically to force the slide valve at 100%

	
	· IF
	- AND
	· SV TARGET = 100%

· 323 ZT 102 > 98%
	THEN
(
	- LOAD

OPEN 323 ZY 114 B

2 sec every 2 Minutes.

	
	UNLOAD

	
	

	
	· IF
	- AND
	· 323 PC 811 PC Output > MINI + 2% 
(1)
· 323 PT 811 < 323 PC 811 SP + 0.02 Bara 
(2)
	THEN
(
	- UNLOAD

OPEN 323 ZY 114 A

WITH PULSE 

	
	· 
	
	
	SET
	- 323 ZT 102 > SV TARGET 
+ 2%
	
	

	
	· 
	
	
	RESET
	- 323 ZT 102 < SV TARGET 
+ 1%
	
	

	(0
	- OR
	· NOT G000 STEP 500
/ General sequence not in Nominal Step.
· NOT G100 STEP 400 
/ LP Comp 323 K 001A not in Nominal Step


Definitions: 
SV Target 
is the Slide Valve position requested by the operator.

MINI
is the Minimum 323 PC 811 Output MINI requested by the operator.

323 PC 811_Output
is 323 PC 811 Control Value used to determine the LP Comp extra capacity.
Note (1): 
The recycle valves driven by 323 PC 811 control the compressors suction pressure (LP) by adjusting the recycle flow. The recycle flow processed by 323 PV 811 A, B, C is a very good indication of the compressor extra capacity: If the compressor capacity is much greater than the liquefier requirement, the recycle flow will be significant. On the opposite, when 323 PC 811 Output is less, and when the recycle vales are slightly open, the little margin is available to provide satisfactory system stability. Thus if 323 PC 811_Output is less, the compressor will be forced to load, to increase the available margin.
Note (2): 
When the slide valve is loaded, the compressor capacity increases and more gas is processed. This causes the suction pressure to decrease. Consequently, if the compressor suction is already low, the slide valve will not be loaded. Inversely, if the compressor suction pressure is high, the compressor will not be unloaded.
Note (3): 
If a single LP compressor is ON, it will be forced to 100%.
Note (4): The Slide Valve will only be loaded if the compressor discharge pressure is sufficient. Indeed, a low discharge pressure with a compressor loaded, would result in high velocity in the oil separation units.
4.5  COMPRESSOR CAPACITY CONTROL: Logic for HP Compressors

	0
	-

	(
	- AND
	· G000 STEP 500
/ General sequence in Nominal Step.
· G500 STEP 400 
/ HP Comp 323 K 002A in Nominal Step

· NO 323 PSL 539 (4)
/ HP Compressor Discharge Pressure

	
	LOAD

	
	

	
	· IF
	- AND
	· 323 PT 821 > 323 PC 821 SP – 0.05 Bara 
(2)
	THEN
(
	- LOAD
OPEN 323 ZY 514 B

WITH PULSE 

	
	· 
	
	-OR
	- 323 K 002 B 
OFF 
(3)

- 323 PC 821 PC Output 
< MINI 
(1)
	
	

	
	· 
	
	
	SET
	- 323 ZT 102 < SV TARGET 
– 2%
	
	

	
	· 
	
	
	RESET
	- 323 ZT 102 > SV TARGET 
– 1%
	
	

	
	Note: 
In order to force the slide valve at 100% when the TARGET CAPACITY is 100%,

the SV LOAD EV is open periodically to force the slide valve at 100%

	
	· IF
	- AND
	· SV TARGET = 100%

· 323 ZT 102 > 98%
	THEN
(
	- LOAD

OPEN 323 ZY 514 B

2 sec every 2 Minutes.

	
	UNLOAD

	
	

	
	· IF
	- AND
	· 323 PC 821 PC Output > MINI + 2% 
(1)
· 323 PT 821 < 323 PC 821 SP + 0.05 Bara 
(2)
	THEN
(
	- UNLOAD

OPEN 323 ZY 514 A

WITH PULSE 

	
	· 
	
	
	SET
	- 323 ZT 502 > SV TARGET 
+ 2%
	
	

	
	· 
	
	
	RESET
	- 323 ZT 502 < SV TARGET 
+ 1%
	
	

	(0
	- OR
	· NOT G000 STEP 500
/ General sequence not in Nominal Step.
· NOT G500 STEP 400 
/ HP Comp 323 K 002A not in Nominal Step


Definitions: 
SV Target 
is the Slide Valve position requested by the operator.

MINI
is the Minimum 323 PC 821 Output MINI requested by the operator.

323 PC 821_Output
is 323 PC 821 Control Value used to determine the LP Comp extra capacity.
Note (1): 
The recycle valves driven by 323 PC 821 control the compressors suction pressure (LP) by adjusting the recycle flow. The recycle flow processed by 323 PV 821 A, B, C is a very good indication of the compressor extra capacity: If the compressor capacity is much greater than the liquefier requirement, the recycle flow will be significant. On the opposite, when 323 PC 821 Output is less, and when the recycle vales are slightly open, the little margin is available to provide satisfactory system stability. Thus if 323 PC 821_Output is less, the compressor will be forced to load, to increase the available margin.
Note (2): 
When the slide valve is loaded, the compressor capacity increases and more gas is processed. This causes the suction pressure to decrease. Consequently, if the compressor suction is already low, the slide valve will not be loaded. Inversely, if the compressor suction pressure is high, the compressor will not be unloaded.
Note (3): 
If a single LP compressor is ON, it will be forced to 100%.

Note (4): The Slide Valve will only be loaded if the compressor discharge pressure is sufficient. Indeed, a low discharge pressure with a compressor loaded, would result in high velocity in the oil separation units.
5 CYCLE COMPRESSORS: LP
LP COMPRESSORS: PFD
5.1.1 LP COMPRESSORS: He Process
[image: image20.emf]PT 131

LP

KM 001 A

S LO

P

Bearings

& 

Gear

Cooling

ZY 114B

ZY 114A

PT 372

DPT 356

DP

MP

P

PT 112

T

TT 113

P

PT 139

P

PT 130

T

TT 131

T

TT 138

P

DP

DPT 130

HV 135

T

TT 360

TV 360

DP

DPT 134

Z

ZT 102

DP

LP

LOAD - ZV - UNLOAD

P001A

P001B

LT 350

L

LT 350

L

DPT 127

F

FT 139

DPT 356

DP

T

TT 372


5.1.2 LP COMPRESSORS: Separate Lube Oil
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5.2 G100 - LP COMPRESSORS: Conditions: Sequence Ready to Start

The Sequence G100 can only be started if the following condition is true:
	RTS
	- AND
	· ESD
OFF

	
	
	ELECTRICAL MOTOR

	
	
	· 323 KM 001 A 
AVAILABLE & NOT RUNNING

· 323 LSH 159: 
OFF
/ Water Detection in Elec Motor

	
	
	OIL PUMPS AVAILABLE

	
	
	· 323 P 001
A OR B
AVAILABLE
/ Comp. Lube Oil Pump

· 323-Y001A-P001
A OR B 
AVAILABLE
/ Motor Lube Oil Pump

	
	
	LUBE OIL LEVEL

	
	
	· 323 LT 350: 
OK (No LSL, No LSH)
/ Compressor Lube Oil Level

· 323 LT 375: 
OK (No LSL)
/ Separate Lube Oil Level

	
	
	HP COMPRESSORS

	
	
	· 323 KM 002 A 0R B
RUNNING
/ AT LEAST 1 HP COMP IS ON
· Note: The LP Compressors Flow is processed by the HP Compressors, thus at least 1 HP Compressor must be ON before starting 1 LP Compressor.

	
	
	UTILITIES

	
	
	· 320 FSL 180: 
OFF
/ Cooling Water OK


The following window will display the LP Compressor Sequence G100 Ready to Start:

[image: image22.emf]LP CYCLE COMPRESSOR: 323 K 001 A

LUBE OIL LEVEL

Motor Lube Oil: Level 323 LT 375

Compressor Lube Oil:  Level 323 LT 350

LUBE OIL PUMPS

UTILITIES

ESD

Cooling Water 320 FSL 180

MOTOR

Electrical Motor 323 LSH 159

HP COMPRESSORS RUNNING 323 K 002 A OR B

Motor Lube Oil: Pumps A OR B

Compressor Lube Oil: Pumps A OR B

Electrical Motor No Fault


Note : All conditions shall be green to allow sequence G100 to be started.
5.3 G100 - LP COMPRESSORS: Conditions: Trip

Note: Trip Conditions are described in detail: in He2-S-300-1223-001

The Sequence G100 will be tripped if the following condition is true: Refer to Trip Stop:
	DCS

TRIP
	- AND
	· 323 K 001 A RUNNING

	
	
	- OR
	· TMR SHUT DOWN

	
	
	· 
	COMP LUBE OIL PUMP

	
	
	· 
	· AND
	· 323-P 001 A NOT RUNNING OR FAULT

	
	
	· 
	· 
	· 323-P 001 B NOT RUNNING OR FAULT

	
	
	· 
	MOTOR LUBE OIL PUMP

	
	
	· 
	· AND
	· 323-Y001A-P001 A NOT RUNNING OR FAULT

	
	
	· 
	· 
	· 323-Y001A-P001 B NOT RUNNING OR FAULT

	
	
	· 
	CYCLE HP COMPRESSORS

	
	
	· 
	· AND
	· 323-K 001 A NOT RUNNING OR FAULT

	
	
	· 
	
	· 323-K 001 B NOT RUNNING OR FAULT

	
	
	· 
	MOTOR

	
	
	· 
	· 323 TSHH 372
/ Very High Motor Lube Oil Temp

· 323 LSH 159
/ Water Detection in Motor

	
	
	· 
	PROCESS

	
	
	· 
	· 323 LSHH 350
/ Very High Level in Recovery Tank
· 323 TSHH 131
/ Very High Compressor Discharge Temp.

· 323 ISHH 199
/ Motor Over Intensity


The Following Fault will immediately trigger a trip (input in above chart):
	TMR

TRIP
	- AND
	· 323 K 001 A RUNNING

	
	
	· OR
	· GENERAL SHUTDOWN

	
	
	· 
	MACHINE MONITORING SYSTEM
/ Bentley Nevada

	
	
	· 
	· 323 TSHH 199
/ Very High Temperature on Bearings

· 323 VSHH 199
/ Very High Vibrations

	
	
	· 
	PROCESS

	
	
	· 
	· 323 TSLL 811
/ Very Low Inlet Temperature
· 323 PAHH 130
/ Very high Comp Discharge Pressure

· 323 PSLL 127
/ Very Low Comp Lube Oil Pressure.

· 323 TSHH 360
/ Very high Comp Lube Oil Temp

	
	
	· 
	MOTOR LUBE OIL

	
	
	· 
	· 323 PSLL 373
/ Motor Lube Oil Pressure Very Low


Note: The TMR will act directly on the Compressor Cell.
5.4 G100 - LP COMPRESSORS: Conditions: Emergency Shut Down

Note: Trip Conditions are described in detail: in He2-S-300-1223-001

The Following Fault will immediately stop all Compressor Package Rotating Equipment:

	ESD
	
	· EMERGENCY SHUT DOWN


5.5 G100 - LP COMPRESSORS: Start
	0
	-

	(100
	- AND
	·  323 K 001 A: READY TO START

	
	
	- OR
	· AUTO START ORDER

	
	
	· 
	· AND
	· G000 - STEP 500
/ GENERAL SEQUENCE
· MANUAL START ORDER FROM DCS
Note: Operator Start Order from DCS can only be given when the Comp Station is already in Operation, i.e. G000-500.

	100
	AUXILARY START & SLIDE VALVE UNLOAD

	
	· START: 
324 M 110

NOISE HOOD FAN

· IF A SELECTED: START:
323-Y001A-PM001A
MOTOR LUBE OIL PUMP A
· IF B SELECTED: START:
323-Y001A-PM001B
MOTOR LUBE OIL PUMP B
· IF A SELECTED: START:
323-P-001 A
COMP LUBE OIL PUMP A
· IF B SELECTED: START:
323-P-001 B
COMP LUBE OIL PUMP B
· Note: operator shall select one Motor Lube Oil Pump from selection Window.

	(110
	- AND
	· 323 PDT 127 > X Bar 
/ Oil Pressure OK
· 323 YL 110

/ Noise Hood Fan ON

	110
	· START: 
TIMER 200

· OPEN: 
323 ZY 114 A

UNLOAD SLIDE VALVE
· OPEN: 
323 HV 135

SPILL BACK VALVE

	(200
	- AND
	· TIMER 
200 
> 15 sec

· 323 Y 001 A -P001M A OR B 
RUNNING
/ Motor Lube Pump
· 323 P 001 A OR B
RUNNING
/ Comp Lube Pump
· 323 ZT 
102 
< 5%

/ Slide Valve Unloaded
· 323 PDT 
127 
> X Bar 

/ Comp Oil Pressure OK
· 323 PT 
173 
> Y Bar

/ Motor Oil Pressure OK
· 323 HV 
135 
@ 100%

/ Spill Back Valve

	
	Note: If TIMER 200 > 1 Minute, abort Sequence, return to Step 0.

	200
	COMPRESSOR START

	
	· START: 
323 KM 001 A

COMPRESSOR MOTOR
· START:
323 TC 360

OIL TEMP CONTROL
Note: For LP Compressor the Lube Oil pump remains ON.
Note: The Slide Valve is actuated by the Separate Lube Oil Pump.

	(300
	
	· 323 KM 001 A 
RUNNING
/ Compressor ON

	300
	COMPRESSOR LOAD

	
	· CLOSE 323 HV 135 WITH RAMP

At this stage the Slide Valve is still at 0% (UNLOADED)

	(400
	- AND
	· TIMER 
300 
> 10 sec.

· 323 PDT 
127 
> X Bar
/ Oil Pressure OK
· 323 PT 
139
> Y Bar
/ Discharge Pressure

· 323 HV 
135 
CLOSED
/ Spill Back Valve

	400
	NOMINAL STEP

	
	· IF G000 STEP 500: START SLIDE VALVE CONTROL
CAPACITY CONTROL


5.6 G100 - LP COMPRESSORS: Stop: Voluntary

The Voluntary Stop is described from the Nominal Step (400), it can be initiated by the Operator from the HMI:
	400
	NOMINAL STEP

	(410
	- AND
	· 323 K 001 A: 
STOP ORDER

	
	
	· OR
	· UNIT 323: 323 K 001 B RUNNING
/ LP Compressor B
· UNIT 324: LIQUEFIER OFF
/ C1192 NT 115 Unit 324

	
	Note: If the Liquefier is ON, at least one LP Compressor shall remain ON. Therefore, if a single LP compressor is ON, it cannot be stopped (voluntary) if the Liquefier is ON.

Note: The Liquefier shall be stopped and isolated from the compressor station before a Compressor Station Stop.

	420
	COMPRESSOR UNLOAD

	
	· RAMP 324 ZC 102 SP TO 0%
UNLOAD SLIDE VALVE

	(430
	- AND
	· TIMER 300 > 5 Minutes

· 323 ZT 502 < 5% 

/ Slide Valve Unloaded

	430
	COMPRESSOR STOP

	
	· STOP: 
323 KM 001A
COMPRESSOR MOTOR

	(440
	
	· 323 KM 001A: STOPPED

	440
	· OPEN: 
323 HV 135 WITH RAMP 
SPILL BACK VALVE

	(450
	- AND
	· 323 HV 135 OPEN @ 100%
/ Spill Back Valve
· TIMER 30 sec.
/ Post Lubrication

	450
	AUXILARY STOP

	
	· STOP: 
323 P 001 A&B
COMPRESSOR OIL PUMP
· STOP: 
323 Y 001 A&B -P001MA
MOTOR LUBE OIL PUMP

	( 0
	- AND
	· 323 P 001 A&B: 
STOPPED

· 323 Y 001 A&B -P001MA: 
STOPPED

	
	Note: At this stage:
- The SPILL BACK VALVE 323 HV 135 is still open.


- The noise Hood Fan is still ON.


5.7 G100 - LP COMPRESSORS: Stop: Trip

The Trip Stop is described from the Nominal Step (400): Ref. to Trip Stop Conditions.
	400
	NOMINAL STEP 
(Or from any other step from the sequence)

	(510
	
	· 323 K 001 A TRIP

	
	Note: If the Liquefier is ON, the Liquefier will Trip.

	510
	COMPRESSOR STOP

	
	· STOP: 
323 KM 001A
COMPRESSOR MOTOR
· OPEN: 
323 HV 135 WITH RAMP
SPILL BACK VALVE
· OPEN: 
323 ZY 114 A
UNLOAD SLIDE VALVE
Note: The Slide Valve will be unloaded only if the Comp Lube Oil Pump 323 P 002 is ON.

	(520
	
	· 323 KM 001A: STOPPED
· TIMER 510 > 30 sec.

	520
	AUXILIARY STOP

	
	· STOP: 
323 P 001 A
COMPRESSOR OIL PUMP
· STOP: 
323 Y 001 A&B -P001MA
MOTOR LUBE OIL PUMP

	( 0
	- AND
	· 323 P 001 A: 
STOPPED

· 323 Y 001 A&B -P001MA: 
STOPPED

	
	- Note: At this stage:
- The SPILL BACK VALVE 323 HV 535 is still open.

- The noise Hood Fan is still ON.

- The Slide Valve position is not defined.


5.8 G100 - HP COMPRESSORS: Stop: Emergency

The Emergency Stop is described from the Nominal Step (400): Ref. to Emergency Stop Conditions.
	400
	NOMINAL STEP 
(Or from any other step from the sequence)

	(610
	
	· 323 K 001 A EMERGENCY STOP

	
	Note: If the Liquefier is ON, the Liquefier will Trip.

	610
	COMPRESSOR STOP

	
	· STOP: 
323 KM 001A
COMPRESSOR MOTOR
· STOP: 
323 P 001 A&B
COMPRESSOR OIL PUMP
· STOP: 
323 Y 001 A&B -P001MA
MOTOR LUBE OIL PUMP
· STOP:
323 M 110

NOISE HOOD FAN

· OPEN: 
323 HV 135 WITH RAMP
SPILL BACK VALVE

	(520
	- AND
	· 323 KM 001A: 
STOPPED
· TIMER 510 
> 30 sec.

	520
	AUXILIARY STOP

	( 0
	- AND
	· 323 P 001 A&B: 
STOPPED

· 323 Y 001 A&B -P001MA: 
STOPPED

	
	- Note: At this stage:
- The SPILL BACK VALVE 323 HV 535 is still open.

- The noise Hood Fan is still OFF.

- The Slide Valve position is not defined.


5.9  G100 - LP COMPRESSORS: Time Charts
5.9.1 TIME CHART: from Start to Stop: Voluntary
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Request to STOP

Request to START

Motor LO press. (H)



Lube oil diff.press. (H)

More than Pd L and 10sec delay, 

the slide valve is permitted to load 

100% (OPEN)

15 sec

⊿Poil (H)

Pd L   

0% (CLOSE)

Slide valve & spill back valve will be moved by load condition.

5 min

0% (UNLOAD)

100% 

(LOAD)

⊿Poil (L)

L/O Press. (L)

(or slide valve min.position)

Motor LO

Press. (H)

30 sec


5.9.2 TIME CHART: from Start to Shutdown: Compressor Trip
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(note2) The slide valve stops in intermediate position. Therefore, the operator will unload operation before next start.



Lube oil diff.press. (H)
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the slide valve is permitted to load 

Trip shutdown



Request to START

Motor LO press. (H)



100% (OPEN)

15 sec

⊿Poil (H)

Pd L   

0% (CLOSE)

Slide valve & spill back valve will be moved by load condition.

0% (UNLOAD)
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5.9.3 TIME CHART: from Start to Shutdown: Emergency 
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Request to emergency shutdown
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6 CYCLE COMPRESSORS: HP
HP COMPRESSORS: PFD

6.1.1 HP COMPRESSORS: He Process
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6.1.2 HP COMPRESSORS: Separate Lube Oil
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6.1.3 HP COMPRESSORS: Final Oil Removal System
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6.2 G500 - HP COMPRESSORS: Conditions: Ready to Start

The Sequence G500 can only be started if the following conditions are fulfilled:
	RTS
	- AND
	· ESD
OFF

	
	
	ELECTRICAL MOTOR

	
	
	· 323 KM 002 A 
AVAILABLE & NOT RUNNING

· 323 LSH 559: 
OFF
/ Water Detection in Elec Motor

	
	
	OIL PUMPS AVAILABLE

	
	
	· 323 P 002
A
AVAILABLE
/ Comp. Lube Oil Pump

· 323-Y002A-P001
A OR B 
AVAILABLE
/ Motor Lube Oil Pump

	
	
	LUBE OIL LEVEL

	
	
	· 323 LT 750: 
OK (No LSL, No LSH)
/ Compressor Lube Oil Level

· 323 LT 775: 
OK (No LSL)
/ Separate Lube Oil Level

	
	
	FINAL ORS

	
	
	· 323 LAH 744: 
OFF
/ No oil in FORS 3rd Cartridge

	
	
	UTILITIES

	
	
	· 320 FSL 140: 
OFF
/ Cooling Water OK


The following window will display the HP Compressor Sequence G500 Ready to Start:
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Compressor Lube Oil:  Level 323 LT 750
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Note : All conditions shall be green to allow sequence G500 to be started.

6.3 G500 - HP COMPRESSORS: Conditions: Trip

Note: Trip Conditions are described in detail: in He2-S-300-1223-001

The Sequence G500 will be tripped if the following condition is true: Refer to Trip Stop:
	DCS

TRIP
	- AND
	· 323 K 002 A RUNNING

	
	
	- OR
	· TMR SHUT DOWN

	
	
	· 
	MOTOR LUBE OIL PUMP

	
	
	· 
	· AND
	· 323-Y001A-P001 A NOT RUNNING OR FAULT

	
	
	· 
	· 
	· 323-Y001A-P001 B NOT RUNNING OR FAULT

	
	
	· 
	CYCLE HP COMPRESSORS

	
	
	· 
	· AND
	· 323-K 001 A NOT RUNNING OR FAULT

	
	
	· 
	
	· 323-K 001 B NOT RUNNING OR FAULT

	
	
	· 
	MOTOR

	
	
	· 
	· 323 TSHH 
372
/ Very High Motor Lube Oil Temp

· 323 LSH 
559
/ Water Detection in Motor

	
	
	· 
	PROCESS

	
	
	· 
	· 323 LSHH 
350
/ Very High Level in Recovery Tank
· 323 TSHH 
131
/ Very High Compressor Discharge Temp.

· 323 ISHH 
199
/ Motor Over Intensity

	
	
	· 
	FORS

	
	
	· 
	· 323 LSH 
744
/ Oil in FORS 3rd Cartridge.


The Following Fault will immediately trigger a trip (input in above chart):

	TMR

TRIP
	- AND
	· 323 K 001 A RUNNING

	
	
	· OR
	· GENERAL SHUTDOWN

	
	
	· 
	MACHINE MONITORING SYSTEM
/ Bentley Nevada

	
	
	· 
	· 323 TSHH 
199
/ Very High Temperature on Bearings

· 323 VSHH 
199
/ Very High Vibrations

	
	
	· 
	PROCESS

	
	
	· 
	· 323 TSLL 
811
/ Very Low Inlet Temperature
· 323 PAHH 
130
/ Very high Comp Discharge Pressure

· 323 PSLL 
157
/ Very Low Comp Lube Oil Pressure.

· 323 TSHH 
360
/ Very high Comp Lube Oil Temp

	
	
	· 
	MOTOR LUBE OIL

	
	
	· 
	· 323 PSLL 
773
/ Motor Lube Oil Pressure Very Low


Note: The TMR will act directly on the Compressor Cell. The MCC Protect the motor.
6.4 G500 - HP COMPRESSORS: Conditions: Emergency Shut Down

Note: Trip Conditions are described in detail: in He2-S-300-1223-001

The Following Fault will immediately stop all Compressor Package Rotating Equipment:

	ESD
	
	· EMERGENCY SHUT DOWN


6.5 G500 - HP COMPRESSORS: Start
	0
	-

	(100
	- AND
	·  G500: READY TO START

	
	
	- OR
	· AUTO START ORDER

	
	
	· 
	· AND
	· G000 - STEP 500
/ GENERAL SEQUENCE
· MANUAL START ORDER FROM DCS

Note: Operator Start Order from DCS can only be given when the Comp Station is already in Operation, i.e. G000-500.

	100
	AUXILARY START & SLIDE VALVE UNLOAD

	
	· START: 


324 M 510
NOISE HOOD FAN

· IF A SELECTED: START:
323-Y002A-PM001A
MOTOR LUBE OIL PUMP A
· IF B SELECTED: START:
323-Y002A-PM001B
MOTOR LUBE OIL PUMP B
· START:


323 P 002 A
COMP LUBE OIL PUMP
Note: operator shall select one Motor Lube Oil Pump from selection Window.

	(110
	- AND
	· 323 PDT 527 
> X Bar
/ Oil Pressure OK
· 323 YL 510

/ Noise Hood Fan ON

	110
	· START: 
TIMER 200

· OPEN: 
323 ZY 514 A
UNLOAD SLIDE VALVE
· OPEN: 
323 HV 535
SPILL BACK VALVE

	(200
	- AND
	· TIMER 200 
> 15 sec

· 323 Y 002 A -P001M A OR B 
RUNNING
/ Motor Lube Pump
· 323 P 002 A 

RUNNING
/ Comp Lube Pump
· 323 ZT 
502 
< 5%

/ Slide Valve Unloaded
· 323 PDT 
527 
> X Bar

/ Comp Oil Pressure OK
· 323 PT 
773 
> Y Bar
/ Motor Oil Pressure OK
· 323 HV 
535 
@ 100%

/ Spill Back Valve

	
	Note: If TIMER 200 > 1 Minute, abort Sequence, return to Step 0.

	200
	COMPRESSOR START

	
	· START: 
323 KM 002 A
COMPRESSOR MOTOR
· START:
323 TC 760
OIL TEMP CONTROL

	(300
	
	· 323 KM 002 A 
RUNNING
/ Compressor ON

	300
	COMPRESSOR LOAD

	
	· CLOSE 323 HV 535 WITH RAMP
SPILL BACK VALVE
Note: At this stage the Slide Valve is still at 0% (UNLOADED)

	(310
	- AND
	· TIMER 
300 
> 10 sec

· 323 PDT 
527 
> X Bar
/ Oil Pressure OK
· 323 PT 
539
> Y Bar
/ Discharge Pressure

· 323 HV 
535 
CLOSED
/ Spill Back Valve

	310
	· STOP: 
324 P 002 A
/ Compressor oil Pump

Note: For the HP compressor Lubrication achieved by DP, no oil pump required in Nominal Step.

	(400
	
	· 1

	400
	NOMINAL STEP: 323 KM 002 A RUNNING

	
	· IF G000 STEP 500: START SLIDE VALVE CONTROL
CAPACITY CONTROL


6.6 G500 - HP COMPRESSORS: Stop: Voluntary

The Voluntary Stop is described from the Nominal Step (400), it can be initiated by the Operator from the HMI:
	400
	NOMINAL STEP

	(410
	- AND
	· 323 K 002 A: STOP ORDER

	
	
	· OR
	· 323 KM 002 B: 
RUNNING
/ HP B Running

	
	
	· 
	· 323 KM 001 A & B: 
STOPPED
/ NO LP Running

	
	Note: If a single HP is in operation, it cannot be stopped if a LP is still in operation.

	410
	POST LUBRICATION

	
	· START: 
323 P 002 A
COMP LUBE OIL PUMP

	(420
	
	· 323 P 002 A: RUNNING
/ Comp Lube Oil Pump

	420
	COMPRESSOR UNLOAD

	
	· RAMP: 
324 ZC 502 SP TO 0%
UNLOAD SLIDE VALVE

	(430
	
	· 323 ZT 502 < 5% 

/ Slide Valve Unloaded

	430
	COMPRESSOR STOP

	
	· STOP: 
323 KM 002A
COMPRESSOR MOTOR

	(440
	
	· 323 KM 002A: STOPPED

	440
	· OPEN: 
323 HV 535 WITH RAMP 
SPILL BACK VALVE

	(450
	- AND
	· 323 HV 535 OPEN @ 100%
/ Spill Back Valve
· TIMER 30 sec.
/ Post Lubrication

	450
	AUXILARY STOP

	
	· STOP: 
323 P 002 A
COMPRESSOR OIL PUMP
· STOP: 
323 Y 002 A&B -P001MA
MOTOR LUBE OIL PUMP

	( 0
	- AND
	· 323 P 002A: 
STOPPED

· 323 Y 002 A&B -P001MA: 
STOPPED

	
	- Note: At this stage:
- The SPILL BACK VALVE 323 HV 535 is still open.


- The noise Hood Fan is still ON.


6.7 G500 - HP COMPRESSORS: Stop: Trip

The Trip Stop is described from the Nominal Step (400): Ref. to Trip Stop Conditions.
	400
	NOMINAL STEP 
(Or from any other step from the sequence)

	(510
	
	· 323 K 002 A: TRIP

	
	Note: If a single HP is in operation, LP compressors will trip.

	510
	COMPRESSOR STOP

	
	· STOP: 
323 KM 002A
COMPRESSOR MOTOR
· OPEN: 
323 HV 535 WITH RAMP
SPILL BACK VALVE
· OPEN: 
323 ZY 514 A
UNLOAD SLIDE VALVE
Note: The Slide Valve will be unloaded only if the Comp Lube Oil Pump 323 P 002 is ON.

	(520
	
	· 323 KM 002A: STOPPED
· TIMER 510 > 30 sec.

	520
	AUXILIARY STOP

	
	· STOP: 
323 P 002 A
COMPRESSOR OIL PUMP
· STOP: 
323 Y 002 A&B -P001MA
MOTOR LUBE OIL PUMP

	( 0
	- AND
	· 323 P 002 A: 
STOPPED

· 323 Y 002 A&B -P001MA: 
STOPPED

	
	- Note: At this stage:
- The SPILL BACK VALVE 323 HV 535 is still open.

- The noise Hood Fan is still ON.

- The Slide Valve position is not defined.


6.8 G500 - HP COMPRESSORS: Stop: Emergency

The Emergency Stop is described from the Nominal Step (400): Ref. to Emergency Stop Conditions.
	400
	NOMINAL STEP 
(Or from any other step from the sequence)

	(610
	
	· 323 K 002 A: EMERGENCY STOP

	
	Note: If a single HP is in operation, LP compressors will trip.

	610
	COMPRESSOR STOP

	
	· STOP: 
323 KM 002A
COMPRESSOR MOTOR
· STOP: 
323 P 002 A
COMPRESSOR OIL PUMP
· STOP: 
323 Y 002 A&B -P001MA
MOTOR LUBE OIL PUMP
· STOP:
324 M 510

NOISE HOOD FAN

· OPEN: 
323 HV 535 WITH RAMP
SPILL BACK VALVE

	(520
	- AND
	· 323 KM 002A: STOPPED
· TIMER 510 > 30 sec.

	520
	AUXILIARY STOP

	( 0
	- AND
	· 323 P 002 A: 
STOPPED

· 323 Y 002 A&B -P001MA: 
STOPPED

	
	- Note: At this stage:
- The SPILL BACK VALVE 323 HV 535 is still open.

- The noise Hood Fan is still OFF.

- The Slide Valve position is not defined.


6.9 G500 - HP COMPRESSORS: Time Charts
6.9.1 TIME CHART: HP from Start to Stop: Voluntary

[image: image30.emf]EVENT  

VENTILATION FAN

MOTOR L/O PUMP

(MAIN)

MOTOR L/O PUMP

(note1)

(STAND-BY)

MOTOR L/O PRESS.

COMP. L/O PUMP

(note1)

LUBE OIL DIFF. PRESS.

COMP.MOTOR

SLIDE VALVE

SPILL BACK VALVE

DISCHARGE PRESS.

(note1) After taking appropriate countermeasures to pressure drop, the stand-by pump should be stopped manually.

Request to START

Motor LO press. (H)



More than Pd L and 10sec delay, 

the slide valve is permitted to load 

operation and comp L/O pump can 

be stopped.



Lube oil diff.press. (H)



Request to STOP

100% (OPEN)

15 sec

⊿Poil (H)

Pd L   

0% (CLOSE)

Slide valve & spill back valve will be moved by load condition.

5 min

0% (UNLOAD)

100% 

(LOAD)

⊿Poil (L)

L/O Press. (L)

(or slide valve min.position)

Motor LO

Press. (H)

30 sec


6.9.2 TIME CHART: HP from Start to Shutdown: Compressor Trip

[image: image31.emf]EVENT  

VENTILATION FAN

MOTOR L/O PUMP

(MAIN)

MOTOR L/O PUMP

(note1)

(STAND-BY)

MOTOR L/O PRESS.

COMP. L/O PUMP

(note1)

LUBE OIL DIFF. PRESS.

COMP.MOTOR

SLIDE VALVE

(note2)

SPILL BACK VALVE

DISCHARGE PRESS.

(note1) After taking appropriate countermeasures to pressure drop, the stand-by pump should be stopped manually.

(note2) The slide valve stops in intermediate position. Therefore, the operator will unload operation before next start.

Request to START

Motor LO press. (H)



Lube oil diff.press. (H)

Trip shutdown



More than Pd L and 10sec delay, 

the slide valve is permitted to load 

operation and comp L/O pump can 

be stopped.

100% (OPEN)

15 sec

⊿Poil (H)

Pd L   

0% (CLOSE)

Slide valve & spill back valve will be moved by load condition.

0% (UNLOAD)

100% 

(LOAD)

⊿Poil (L)

L/O Press. (L)

30 sec

Motor LO

Press. (H)


6.9.3 TIME CHART: HP from Start to Shutdown: Emergency 

[image: image32.emf]EVENT  

VENTILATION FAN

MOTOR L/O PUMP

(MAIN)

MOTOR L/O PUMP

(note1)

(STAND-BY)

MOTOR L/O PRESS.

COMP. L/O PUMP

(note1)

LUBE OIL DIFF. PRESS.

COMP.MOTOR

SLIDE VALVE

(note2)

SPILL BACK VALVE

DISCHARGE PRESS.

(note1) After taking appropriate countermeasures to pressure drop, the stand-by pump should be stopped manually.

(note2) The slide valve stops in intermediate position. Therefore, the operator will unload operation before next start.

Request to START

Motor LO press. (H)



More than Pd L and 10sec delay, 

the slide valve is permitted to load 

operation and comp L/O pump can 

be stopped.



Lube oil diff.press. (H)

Request to emergency shutdown



100% (OPEN)

15 sec

⊿Poil (H)

Pd L   

0% (CLOSE)

Slide valve & spill back valve will be moved by load condition.

0% (UNLOAD)

100% 

(LOAD)

⊿Poil (L)

L/O Press. (L)

Motor LO

Press. (H)


7 CYCLE COMPRESSORS: GENERAL SEQUENCE
G000 - CYCLE COMPRESSORS: General Sequence
Note: On a Compressor Station Trip: GOTO STEP 700.

	0
	-

	(100
	
	· AUTO START ORDER

	100
	SELECTION WINDOW

	
	· DISPLAY SELECTION WINDOW
Refer to dedicated chapter: The operator shall select the compressors and oil pump to be started.

The Master Compressors (LP and HP) is also chosen.

	(200
	
	· COMPRESSORS SELECTED
Note: At least One HP and One LP shall be chosen.
Note: For each Selected Compressor 1 Motor Lube Oil Pump shall be selected.

Note: For each Selected Compressor 1 Compressor Lube Oil Pump shall be selected.

	200
	PRESSURE CONTROL

	
	· RAMP 323 PC 811 SP FROM ACTUAL PV TO ~1.05 Bara*
/ LP Set Point
· RAMP 323 PC 821 SP FROM ACTUAL PV TO ~5.00 Bara*
/ MP Set Point
· RAMP 323 PC 810 SP FROM ACTUAL PV TO ~20.0 Bara*
/ HP Set Point
Note *: the Set Points for each pressure are accessible from a dedicated window.
The exact value to be considered is the value entered by the operator.
· START:
323 PC 811
/ LP Pressure Control
· START:
323 PC 821
/ MP Pressure Control
Note: LP and MP Pressure is controlled using recycling valve.
· START:
323 PC 810 WITH 323 PV 810 A ONLY
/ HP Pressure Control
Note: The HP Control only allows decreasing the HP, and will avoid overpressure during start-up.
The Load Valve 323 PV 810 B will remain close until the LP compressor station is started.
· START:
323 PC 812
/ Surge Drum Pressure Control

	(300
	
	· SP RAMP COMPLETED


	300
	HP COMPRESSORS: AUTO START

	
	· IF 323 KM 002A SELECTED & READY TO START: START 323 K 002A (G500)

	(310
	- OR
	· 323 K 002A START ABORTED

· 323 K 002A NOT SELECTED

· 323 K 002A NOT READY TO START

	
	
	· AND
	· 323 K 002A RUNNING

· TIMER 300 = 3 Min

	310
	· IF 323 KM 002A SELECTED & READY TO START: START 323 K 002B (G600)

	(400
	- OR
	· AND
	· 323 K 002A RUNNING
	(0
	-AND
	· 323 KM 002A NOT RUNNING

	
	
	· 
	· OR
	· 002B START ABORTED

· 002B NOT SELECTED

· 002B NOT READY TS
	
	
	· 

	
	
	
	
	
	· OR
	· 002B START ABORTED

· 002B NOT SELECTED

· 002B NOT READY TS

	
	
	· AND
	· 323 K 002B RUNNING

· TIMER 310 = 3 Min
	· 
	· 
	· 
	· 

	400
	LP COMPRESSORS: AUTO START

	
	· OPEN 323 XY 809
/ To H2O Analyzer.
Note: 323 AT 809 H & HH shall be ignored until 323 AT 809 Stabilizes (i.e. AT < Alarm for 10 min)

The Measure will take time to stabilize and to provide an accurate reading.

	
	· IF 323 KM 001A SELECTED & READY TO START: START 323 K 001A (G100)

	(410
	- OR
	· 323 K 001A START ABORTED

· 323 K 001A NOT SELECTED

· 323 K 001A NOT READY TO START

	
	
	· AND
	· 323 K 001A RUNNING

· TIMER 400 = 3 Min

	410
	· IF 323 KM 001B SELECTED & READY TO START: START 323 K 001B (G200)

	(430
	- OR
	· AND
	· 323 K 001A RUNNING
	(420
	-AND
	· 323 K 001A NOT RUNNING

	
	
	· 
	· OR
	· 001B START ABORTED

· 001B NOT SELECTED

· 001B NOT READY TS
	
	
	· 

	
	
	
	
	
	· OR
	· 001B START ABORTED

· 001B NOT SELECTED

· 001B NOT READY TS

	
	
	· AND
	· 323 K 001B RUNNING

· TIMER 410 = 3 Min
	· 
	· 
	· 
	· 


	420
	STAND-BY: NO LP RUNNING

	
	· START:
323 PC 810 WITH 323 PV 810 A ONLY
/ HP Pressure Control
Note: From this step, the LP Compressors can be started by the operator from DCS (G100 or G200).

	(430
	- OR
	· 323 K 001A RUNNING

· 323 K 001B RUNNING
	(600
	· STOP ORDER

	430
	- PRESSURE CONTROL
· RAMP: 
323 PC 810 SP FROM ACTUAL PV TO ~20.0 Bara*
/ HP Set Point
Note *: the Set Points for each pressure are accessible from a dedicated window.
The exact value to be considered is the value entered by the operator.
· START:
323 PC 810 WITH 323 PV 810 A AND 323 PV 810 B
/ HP Pressure Control

	(500
	· AND
	- TIMER 430

- SP RAMP COMPLETED
	(420
	-AND
	· 323 K 001 A STOPPED

· 323 K 001 B STOPPED

	500
	NOMINAL STEP: LP & HP RUNNING

	
	· START CAPACITY CONTROL

Note: From this step, the LP Comp. can be stopped / started by the operator from DCS (G100 or G200).
Note: From this step, the HP Comp. can be stopped / started by the operator from DCS (G500 or G600).
· NO HP COMPRESSOR RUNNING ( COMPRESSOR STATION TRIP.

· NO LP COMPRESSOR RUNNING ( RETURN TO STEP 420

	(600
	· AND
	· G000: STOP ORDER
· LIQUEFIER NOT RUNNING
Ref. C1192 NT 115
	(420
	-AND
	· 323 K 001 A STOPPED

· 323 K 001 B STOPPED




	600
	STOP COMPRESSORS

	
	

	(610
	
	· 1

	610
	· IF 323 K 001A RUNNING: STOP 323 K 001B
/ LP Comp as per Logic
The compressor slide valve is set to 0% and the recycle valve is open before compressor Stop.

	(620
	·  323 KM 001 A OR B STOPPED


	620
	· IF 323 K 002A SELECTED: STOP 323 K 002B
/ HP Comp as per Logic
The compressor slide valve is set to 0% and the recycle valve is open before compressor Stop.

	(630
	·  323 KM 002 A OR B STOPPED


	630
	- PRESSURE CONTROL
· RAMP: 
323 PC 810 SP FROM ACTUAL VALUE TO 18.0 Bara

Note: In this step at least one 1 HP is Running.

	(640
	OR
	·  323 PT 810 < 18.5 Bara
·  323 PT 810 < 323 PT 812 + 0.5 Bar
/ Buffer Tank Pressure

	640
	- PRESSURE CONTROL
· START:
323 PC 810 WITH 323 PV 810 A ONLY
/ HP Pressure Control
· CLOSE: 
323 PV 810 B
/ Load Valve Closed
Note: The HP Control only allows decreasing the HP, and will avoid overpressure during stop.

	(650
	·  323 PV 810 B CLOSED


	650
	· STOP 323 K 001 A & B
/ LP Comp A & B as per Logic

	(660
	·  323 K 001 A & B: STOPPED

	660
	· STOP:
323 PC 811
/ LP Pressure Control

· CLOSE: 
323 PV 811 A & B, C WITH NO RAMP
/ All Recycle Valves Closed 
Note: As soon as LP Comp are OFF, LP Control is stopped, recycle valves close immediately.
· STOP 323 K 002 A & B
/ HP Comp A & B as per Logic

	(700
	·  323 K 002 A & B: STOPPED

Note: At this stage, all Compressors are stopped.


	700
	STOP FINAL OR TRIP
/ ON TRIP GOTO STEP 700

	
	Note: This is the Final Step of the Stop, or the Trip: All valves are closed, All motors are stopped.
STOP ALL CONTROL LOOP & CLOSE ALL VALVES:

· STOP:
323 PC 821
/ MP Pressure Control
· CLOSE: 
323 PV 821 A & B WITH NO RAMP
/ All Recycle Valves Closed
Note: As soon as HP Comp are OFF, MP Control is stopped, recycle valves close immediately.

Note: In case of a Normal stop the MP recycle valves are not closed yet.

· STOP:
323 PC 810
/ HP Pressure Control
· CLOSE: 
323 PV 810 A & B WITH NO RAMP
/ Load-Unload Valves Closed
· STOP:
323 PC 811
/ LP Pressure Control

· CLOSE: 
323 PV 811 A & B, C WITH NO RAMP
/ All Recycle Valves Closed 
· CLOSE: 323 XV 809
/ Moisture Analyzer
STOP ALL COMPRESSORS:

· IF 323 K 001 A RUNNING: THEN TRIP 323 K 001 A
/ LP Compressor A

· IF 323 K 001 B RUNNING: THEN TRIP 323 K 001 B
/ LP Compressor B
· IF 323 K 002 A RUNNING: THEN TRIP 323 K 002 A
/ HP Compressor A

· IF 323 K 002 B RUNNING: THEN TRIP 323 K 002 B
/ HP Compressor B

	(0
	· 323 PV 810 
A&B: 
CLOSED

· 323 PV 811 
A&B, C: 
CLOSED

· 323 PV 821 
A&B: 
CLOSED

· 323 K 001 
A&B:
STOPPED

· 323 K 002 
A&B:
STOPPED


7.1 G000 - CYCLE COMPRESSORS: Conditions Trip
Note: Trip Conditions are described in detail: in He2-S-300-1223-001

The Sequence G000 will be tripped if the following condition is true: Incase of Trip GOTO G000 Step 700.
	DCS

TRIP
	- AND
	· G000-STEP ≠ 0

	
	
	- OR
	NO COMPRESSOR HP RUNNING

	
	
	· 
	· AND
	· 323-K-002 A & B 
STOPPED
/ NO HP Compressors Running.

	
	
	· 
	· 
	· 323-K-001 A OR B 
RUNNING
/ NO LP Compressors Running.

	
	
	· 
	· EMERGENCY SHUT DOWN


7.2 G000 - CYCLE COMPRESSORS: Compressors & Oil Pump Selection
When the Automatic Sequence is started a pop-up window allows selecting the equipment which will be started automatically by the start-up sequence:

· LP Compressors to be started: 
at least one.
· LP Compressor Lube Oil pump: 
at least one per selected compressor.

· LP Motor Lube Oil Pump: 
at least one per selected compressor.

· HP compressors to be started: 
at least one.

· HP Motor lube Oil pump: 
at least one per selected compressor.
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Note: 
By Default Equipments are Grey or Black.


Selected Equipments are shown in Green


Unavailable Equipments (default) will appear in red, and will not be selectable. 
7.3 G000 - CYCLE COMPRESSORS: Pressure Control Window

Parameters for control are available to the operator from the control panel (HMI):
7.3.1 Pressure Control Window: HP
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7.3.2 Pressure Control Window: MP
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7.3.3 Pressure Control Window: LP
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8 FINAL OIL REMOVAL SYSTEM: GENERAL
OIL REMOVAL SYSTEM: PFD
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G501 - OIL REMOVAL SYSTEM:  Logic

	0
	- FORS OIL DRAIN

· IF 323 KM 002A RUNNING AND 323 LAH 740 THEN OPEN 323 XV 740

· IF 323 KM 002A RUNNING AND 323 LAH 742 THEN OPEN 323 XV 742

· IF 323 KM 002B RUNNING AND 323 LAH 840 THEN OPEN 323 XV 840

· IF 323 KM 002B RUNNING AND 323 LAH 842 THEN OPEN 323 XV 842


Note: 323 LAH 744 will trip the compressor.
9 OIL SYSTEM

Note: Complete FLD and details are given in HE2-D323-1370-200 and HE2-D323-1370-201.
9.1 Oil Pump Switch: LP Compressor Lube Oil

There is two lube oil pump per compressors which are used for screw cooling and lubrication. One of the two pumps shall always be ON to maintain sufficient Oil DP. If the oil pump in operation fails or if the oil pressure drops, the stand-by pump starts to maintain sufficient oil pressure. It will not stop unless stopped by the operator.

	COMPRESSOR A 
	323 KM 001 A
	RUNNING
(
	- AND(
	- OR (
	PUMP A
323 P 001 A

RUN

	PUMP B 

	323 P 001 B
	SELECTED
(
	
	
	

	PUMP B 

	323 P 001 B
	OFF
(
	- OR (
	
	
	

	OIL DP 

	323 PDT 127
	LOW
(
	
	
	
	

	PUMP A
	323 P 001 A
	START ORDER
(
	
	


Note: The Start Order allows starting Pump A, and then to Stop Pump B for oil pumps switch.
9.2 Oil Pump Switch: HP Compressor Lube Oil

There is a single lube oil pump per compressor which is used for the compressor bearings during pre-lubrication, start-up and post-lubrication. During nominal operation this pump is stopped. The Compressor pressure head ensure sufficient DP for Oil Flow for lubrication and cooling. If the oil pressure drops during operation, the oil pump starts to maintain sufficient oil pressure. It will not stop unless manually stopped. It will not stop unless stopped by the operator.
	COMPRESSOR A 
	323 KM 002 A
	RUNNING
(
	- AND(
	- OR (
	PUMP A
323 P 002 
RUN

	OIL DP 

	323 PDT 327
	LOW
(
	
	
	

	PUMP
	323 P 002 A
	START ORDER
(
	
	


Note: The Oil Pump will also be started before stopping the compressor for post lubrication purposes.

9.3 Oil Pump Switch: Motor Lube Oil

Separate Lube Oil is provided for Motor Lubrication, on all compressors. All Separate Lube Oil System is equipped with 2 Separate LO pump. One pump is in operation, one pump is in stand-by. If the oil pump in operation fails or if the oil pressure drops, the stand-by pump starts to maintain sufficient oil pressure. It will not stop unless stopped by the operator.

	MOTOR A 
	323 KM 001 A
	RUNNING
(
	- AND(
	- OR (
	PUMP A

323 Y 001 A

RUN

	PUMP B 

	323 Y 001 B
	SELECTED
(
	
	
	

	PUMP B 

	323 Y 001 B
	OFF
(
	- OR (
	
	
	

	OIL DP 

	323 PDT 373
	LOW
(
	
	
	
	

	PUMP A
	323 Y 001 A
	START ORDER
(
	
	


Note: the compressor LP slide valve actuator is connected to the separate lube oil system.
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