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COMMISSIONING
General
Prior to commissioning, a leak test and vacuum dehydration must have taken place.

The compressor(s) has been factory run tested on air, during which the oil flows, vibration levels on the casing and seal leakage are checked.  The control cylinder is also pressurized and the piston seals are monitored by checking slide valve drift.

Thus the integrity of the major components have been proven and the complete assembled drive-line is ready for commissioning.  The stages to be followed are as detailed in the remainder of this section.  Note:  By this stage, electrical power must be available for the compressor(s), lube pump(s) and sump heaters  The system must then be charged with lube oil and refrigerant.  See Section 6.

Checking the System
At this stage in commissioning the following should be checked:

(1) OIL LEVEL.  It should be maintained at a visible level midway in the upper sight glass or as indicated on unit labels.  Add more oil if necessary.  Refer to the instructions in Sections 2 and 11.

NOTE: During system operation, the oil level in the compressor will change.  This is normal.  The change in level is caused by the solubility of gas which had been absorbed by the oil.  For screw compressors, the oil level will increase as more gas is pushed into solution at the elevated discharge pressure.  For centrifugal compressors, the level will recede, and some additional oil may have to be added to bring the inventory within the specified limit.

(2) LUBRICATION OF AUXILIARY MOTORS.  Make sure that auxiliary motors are properly greased or oiled.

(3) POWER.  This should be available for all motors and other electrical equipment.

(4) WATER/PROCESS FLOW.  This should be established for the condenser and oil cooler(s) and evaporators.

(5) OIL HEATER(S).  These should be energized for at least 24 hours prior to start-up.  The normal setpoint varies by compressor type.  For screws, the default is 113 °F (45 °C).  For centrifugals, the default is 150°F (66°C).

CAUTION: For centrifugal compressors, if the oil has not had time to degas at the required standby temperature, the oil charge should be replaced prior to start.  Excess gas in solution in the oil at start-up will cause oil foaming, which can result in compressor shut-down or bearing damage.

Once the above items have been checked, the unit is ready for starting.  However, a number of preliminary test runs must be completed.

System Refrigeration Control & Electrical Interface
1.
Make visual inspection to verify no electric cables are left disconnected.

2.
Check all ground bonding including customers main ground is fitted and wired.

3.
Check CT Ratio and Motor full load current, with the aid of the instruction book to complete the calculation.

4.
Ensure compressor couplings are removed.

5.
Check all electrical connections for tightness.

6.
Before switching on control panel, the compressor sump must be charged with oil, otherwise oil heaters may burn out.

7.
Check customers supply volts to ensure compatibility with the control panel.

8.
Switch on main control panel.

9.
Thoroughly review configuration and set points in the control panel, including capacity control set points, PID set points, and the CT factor for the compressor motor current protection.

10.
The units should now be ready for automatic running electrically.

11.
To start the compressor and or its drive motor the following interlocks must be satisfied:

1. Main Control Panel Isolator.

2. Emergency Stops released.

3. Aux. Oil Pump(s) selected to AUTO.

4. Compressor(s) selected to AUTO.

5. Customer's Flow Interlocks operational.

With all the above systems set and the temperature of the process fluid flowing with capacity control process variable above set point and providing the compressor is unloaded (see the display) initiate start on the touch pad on the compressor control panel, then providing all circuits are operational, the oil pump may start (for centrifugal and screw compressors with a pre-lube cycle), and then the compressor drive should start.  Depending on driver type, some manual or other automated activities may be needed to initiate rotation (e.g. steam turbine, gas engine, gas turbine).
NOTE:
Should the compressor cut out for any reason, establish the cause of the failure prior to attempting re-start.

Refer to the control panel instructions in Section 12 of this manual.
For more details refer to the applicable compressor instructions in Section 11.

Valves
Place the system valves in their normal operating positions as follows:

a) Close all valves open to atmosphere.

b) Open all gauge isolation valves.

c) Open all liquid level indicator and control isolation valves.

d) Open any pressure control isolation valves if supplied.

e) Enable all automatic control valves so they are able to perform their intended functions when the system is operated.

f) Make sure that coolant is available for the oil coolers.

g) Set all controllers to the "AUTO" position and make sure that the set points are at their intended design setting.

Preliminary Test Run of Drive Motor
Any trips not associated with the main drive motor but which would prevent the motor being started should be bypassed.

After alignment, the compressor motor should be run for 4 hrs with the coupling removed, during this running time the motor bearing housings must be monitored for any excessive temperature rise.  Note:  Before Start and at finish, readings to earth must be taken and recorded.

Motor shaft rotation shall be visually checked during start-up and confirmed during motor coast-down.  Check the direction arrow located on the compressor.  In general, compressors have the following rotation:

	COMPRESSOR TYPE
	ROTATION

	FRICK SCREW
	CLOCKWISE VIEWING COMPRESSOR SHAFT

	YORK M CENTRIFUGAL
	COUNTER-CLOCKWISE VIEWING COMPRESSOR SHAFT


On completion of the motor run, stop the motor by operation of an associated trip (I.E. "STOP" or Emergency Stop Pushbutton to demonstrate the safety circuit integrity.

Reinstate any trips that remain linked out, install the coupling and fit the coupling guards.

Preliminary Test Run of Complete Drive-Line

CAUTION:
DO NOT COUPLE THE MOTOR TO THE COMPRESSOR AND RUN UNTIL SUCH TIME AS THE ALIGNMENT HAS BEEN CONFIRMED AS SATISFACTORY BY THE YORK SITE REPRESENTATIVE.  THE INITIAL ALIGNMENT FIGURES SHALL BE RECORDED ON THE START-UP REPORT IN THE FRONT OF THIS MANUAL.
It is assumed that the system has been leak tested, vacuum dehydrated, partially or fully charged with refrigerant, and the driveline is aligned and coupled.

Start the system by pressing the "START" button.

1 The auxiliary oil pump(s) will start and establish oil pressure (some screw compressor systems do not have oil pumps).

2 When oil pressure is verified by the controls (up to 30 seconds), the system will start provided that all the safety switches are in the safe operating position.

3 On startup, some foaming of the oil will be evident in the compressor sump oil sight glass.  Typically, most of this foaming should disappear after the system temperatures and pressures have been pulled down to normal operating conditions.  It is normal to have some foam in the sump and the amount of foam varies from application to application. 

4 Normal operation of the unit is evidenced by a hot discharge line, normal oil level in the compressor sump, solid liquid refrigerant in the liquid level indicators (when applicable) and usually no more than 2 psi variation in suction pressure for any given set of operating conditions.

NOTE:
The time during which the refrigeration cycle operates above design temperature is called “Pull Down.  During this period, several things should be noted.  Float type level instruments will ride lower in the refrigerant liquid when the liquid is lighter at higher temperatures.  Make sure that floats in magnetic type level sensors are floating prior to startup.  Compressor capacity is higher during pull down, and it is recommended that the compressor loading be controlled manually during the initial start up to avoid system upsets, evaporator liquid carryover or oil carryover.  The available control panel loading options should be reviewed so that they may be used to optimize the start-up process. 

5 Proceed with "fine tuning" the system controls to obtain satisfactory operation of equipment and final process conditions.

6 REFRIGERATION SYSTEMS: Trim the refrigerant charge as needed to insure that sufficient refrigerant remains to “seal” the liquid flow to control valves under most operating conditions.  Proper refrigerant charge is indicated when the refrigeration system capacity is satisfactory and liquid is detected upstream of the expansion valve(s).  Do not overcharge the receiver since excess liquid may be problematic during successive start ups.

7 For trouble shooting information, refer to the TROUBLESHOOTING LIST later in this section

NOTE:
For centrifugal compressors, refer to the Trouble Diagnosis Chart, Form 220.10-NM1 (Supt 1) located in SECTION 11 of this manual. 

When this is completed, start the compressor and check for:

1. Correct operation of all mechanical components.

2. Evidence of misalignment, vibration or overheating.

3. Correct operation of lube-oil system.

4. Excessive discharge gas temperatures.

Note:  Shut down the unit if any abnormal conditions arise, investigate the causes and rectify before proceeding.

Once the compressor is running satisfactory it will be necessary to trim the zero and span adjustment on the microprocessor boards for the Slide Stop (Variable Volume Ratio) from 2.2 - 5.0. and the Slide Valve (Compressor Slide) from 0% - 100%.

Note:  Slide Valve % does not represent compressor capacity as a direct ratio.

For more details refer to the Screw Compressor Manual in Section 11.

CAUTION: Wear a ground strap when attempting these adjustments.

Introducing Process Fluid to the Refrigeration System  

From the standpoint of proper refrigeration system operation, one of the most important considerations is the introduction of the process fluid to the system evaporator.  Although a process throttling valve is not used during normal operation, provisions to throttle, and bypass if necessary, process flow around the evaporator may be necessary at start-up, particularly when the process fluid is significantly warmer than design conditions. The average temperature differential between the process fluid and the evaporator refrigerant temperature needs to be reasonably close to design. It is recommended that the process fluid flow to the evaporator be throttled when process temperature is higher than design.  The amount of throttling required may be a function of experience gained by operations.  Telltale indication of excessive process flow include low compressor discharge temperature, excessive foaming or oil loss in the separator and high motor amps.

Inability to throttle or by-pass process fluid and/or inducing process fluid beyond design conditions can lead to violent boiling action and vibration within the evaporator. This can result in the carry-over of liquid refrigerant to the compressor, loss of oil from the oil separator reservoir, and possible damage to the evaporator.

WARNING:
High temperature differentials in the heat exchanger may cause differential expansions between shell and tubes resulting in mechanical vibration or damage to the evaporator.
Process flow through the evaporator should be stopped on compressor shutdown so that refrigerant liquid does not condense and collect in the suction piping or compressor casing.  

WARNING:
Liquid migrating to the compressor suction due to warm process flow during standby may damage the compressor and/or drive train components during subsequent restart.
Refer to the evaporator heat exchanger drawing for additional application information.  Flows must be modulated in such a way to prevent thermal shock of the evaporator.  Do not saturate the evaporator at low temperature using refrigeration and then introduce the full flow of hot or warm fluid.  In general, fluid flows should be controlled as suggested in TABLE 1.

Throttling and bypass valves (supplied by others) can be used to control the flow on the process side of the evaporator.  In addition, if warm process fluid continues to circulate through the evaporator when the refrigeration unit is shut down, refrigerant liquid may migrate to the compressor with the possibility of damaging the compressor on the next start-up.  If cold process fluid continues to circulate through the evaporator during standby, it may cause refrigerant liquid to migrate to the evaporator causing high level, preventing start-up, and/or possibly damaging the compressor by slugging during the next start-up.  Throttling or bypassing the process fluid around the evaporator during standby may eliminate this problem.

	TABLE 1

	Fluid Location and Relative Temperature
	Suggested Start-Up Procedure

	Shell Side
	Tube Side
	

	Type of Fluid
	Relative Temp
	Type of Fluid
	Relative Temp
	

	Liquid
	Hot
	Liquid
	Cold
	Start both fluids gradually at the same time

	Condensing Gas
	Hot
	Cooling Water
	Cold
	Start both fluids gradually at the same time

	Gas
	Hot
	Evaporating Liquid
	Cold
	Start cold fluid first, then hot fluid.

	Liquid
	Hot
	Evaporating Liquid
	Cold
	Start hot fluid first, then slowly start the cold fluid.  Throttle the hot fluid as necessary to prevent liquid or oil carryover in the refrigeration system.  Avoid temperature shock.

	Gas
	Hot
	Liquid
	Cold
	Start cold fluid first, then hot fluid.

	Evaporating Liquid
	Cold
	Liquid
	Hot
	Start both fluids gradually at the same time. Throttle the hot fluid as necessary to prevent liquid or oil carryover in the refrigeration system.  Avoid temperature shock.

	Evaporating Liquid
	Cold
	Gas
	Hot
	Start cold fluid first, then hot fluid. Avoid temperature shock.


Four Hour Run

Having satisfactorily completed initial test runs, the unit is now ready for a full four-hour run during which time an Operating Log Sheet should be completed every 30 minutes.

Start the unit and record the details required by the System Operating Log Sheet during the course of the four-hour run.   It must be noted, however, that the unit may not have a sufficient heat load initially available to establish expected operating conditions.   Final 'trim' charging of refrigerant and final adjustment of instruments can only take place when the full design heat load is available.

The Operating Log should be signed on completion of the run by the York Engineer and Customer Representative and kept as a permanent commissioning record.

The Operating Log form is found in the front of this manual.

Strainers and Filters

After a satisfactory run of not less than 6 hours all strainers that are accessible should be removed, cleaned and re-installed, All filters with disposable elements should be replaced.

The cleanliness of all strainers and filters should be recorded on the start-up report in the front of this manual.

If any of the strainers or filters are found to be unacceptably dirty the procedure above shall be repeated at regular intervals until all strainers and filters are found visually clean.

Vibration Check

The driveline components must be measured for a base vibration performance.  Use the log sheets in the first section of this manual to record the readings. For screw compressors, refer to SCREW COMPRESSOR VIBRATION SEVERITY GUIDELINE, E70-902 IB.  For screw compressors with the Frick PhD vibration monitoring system, refer to PhD VIBRATION MONITORING SYSTEM, E70-020 TB.  For centrifugal compressors, refer to the proximity probe vibration limits shown on the compressor drawing in Section 11 of this manual.  For driver and gear limits, refer to the equipment drawings located in Sections 8 and/or 9 as applicable.
Stopping the Compressor

The system is stopped by either a manual shutdown or an automatic shutdown due to a malfunction.  Following is the shutdown sequence:

1. Compressor driver stop is initiated and the compressor will begin to coast to a stop.

2. The auxiliary oil pump will start (full lube systems only, refer to the operating logic) and will run for a post lube period. This, along with the shaft driven oil pump (when fitted), provides oil pressure to the equipment during the coast down period.

3. The automatic controls of the system are disabled and put into their shutdown modes.

4. The equipment standby heaters are energized and function to keep the equipment warm during the shutdown period.  In the case of the compressor heaters, the heaters function to keep the oil in the compressor reservoir warm which prevents the oil from absorbing excessive refrigerant. 

Hot Alignment Check

After a period of not less than 4 hours continuous running at design operation conditions the compressor shall be stopped for a period of at least four hours (preferably longer) and the  component alignment(s) checked and adjusted as necessary.  The final alignment figures shall be recorded on the start-up report in the front of this manual.

NOTE:
On centrifugal systems, the hot alignment of the high-speed train is usually checked using indicator mounts fabricated for the job (by others).  The mounts are attached to the compressor coupling guard and the gear shaft seal cover.  Any supports for the guard are removed to prevent false indication of movement.  Contact YORK Service for recommendations.

Customer/End User Instruction

During commissioning of any equipment supplied by York International we would instruct the Customer/End User how to operate the plant safely.  This "training" is intended to familiarize "competent" personnel who are already well educated in refrigeration theory and practices.  In general terms this is usually carried out towards or at the end of commissioning, and would be carried out in the form of an informal walk around the plant with the Commissioning Engineer(s).

The following aspects would normally be covered:

1)
Start and stop procedures of the compressors and any associated pumps and fans etc.

2)
Operation and setting of any flow control valves.

3)
Equipment monitoring with a view to recording any critical data on log sheets.

However if you require more detailed training, please do not hesitate to contact York International.

Warranty/Service

The customer/end user should confirm the terms of the warranty with JCI/York.  For warranty parts or service, please contact the district JCI/York Service office.  Refer to the cover pages of this manual.
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