SELECT DOCUMENTS
INSTALLATION

INSTALLATION, FIELD ERECTION & ALIGNMENT PROCEDURE FOR SKID MOUNTED REFRIGERATION SYSTEMS AND EQUIPMENT 

The refrigeration plant should have been factory assembled onto a steel base frame or skid.  All vessels and piping shall have been strength and leak tested, and the compressor driveline aligned (where applicable).
Lifting lugs have been provided on the skid for transferring the unit from its transportation to its site location. When the unit is in place and anchor bolts positioned, it shall be leveled by shimming at the anchor bolt locations.

As a minimum, a clearance of approximately 1” (20-25mm) shall be allowed between the underside of the skid steelwork and the concrete pad.  As a minimum the skid steel work shall then be grouted, continuously and uniformly, infixing the 1”(20-25mm) gap under all skid perimeter steelwork and under all inboard steelwork where practically possible .  On filling anchor bolt pockets ensure that the anchor bolts are straight and vertical.

Note:
Channels should be allowed within the grout slabs to allow for drainage.

When the grout has thoroughly set fit taper washers (if required) and nuts and tighten.

The unit shall be electrically grounded, using the grounding lugs provided, to minimize the danger of electrical shock in the event of a short circuit. 

During field piping of process and cooling water lines to the refrigeration plant, it is essential that the interface connections should only be exposed to atmosphere for as little time as possible so as to prevent moisture entering the system.  Care should also be taken when removing blanked connections as the unit is shipped with a nitrogen charge of approximately 5-15 psig.
It is very important that every effort be made to prevent any grit or other foreign particles from entering the system during installation.  All connections should be blanked or capped until the joints are ready to be made.

Considerations to welded joints such as welding process, backing rings etc. should be made to ensure the cleanliness of the refrigeration system.  It is essential that the minimal amount of strain be imposed on interface connections.  Ample flexibility in the external piping should be allowed to avoid damage to the equipment.

After completion of piping, loosen all flange bolts to ensure the joint is square and aligned.  Re-tighten all bolts as necessary.
While the compressor driveline should have been factory aligned, some out of alignment may have occurred during shipment and handling.  Prior to any rotation of the compressor or its drive, this alignment shall be checked and adjusted as necessary.

Record the final alignment figures in the START-UP REPORTS in the front of this manual.

For Alignment Procedure refer to the Frick Screw Compressor Installation, Operation and Maintenance Manual in Section 11 of this manual.
For pressure leak testing, evacuation and charging procedures, refer to Sections 5 & 6 of this manual.
INSTALLING AND GROUTING PACKAGED SKIDS

The steel base is to be bolted down to a concrete substructure with anchor bolts at locations shown on the drawing. Sub-structure must be level, and it must be grouted to assure continuous contact with all accessible full depth members. This is essential on structural members supporting drivelines. It is recommended that the steel base to be filled with concrete to top of base in all pockets that are accessible and free of piping (allowing access for drain valves, etc.)

Anchor bolts should be positioned in ferrules fabricated from 2’ pipe (or equivalent). The ferrule should be flush with the surface of the rough level. Soft wadding (or equivalent) should be used to center the bolt in the ferrule during placement of the package unit. This provides bolt flexibility to allow for final position and manufacturing tolerances. After final position has been obtained, the grout should flow into the ferrules and lock the anchor bolts into position.
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A. Bases Without Target Pads

INSTALLING AND GROUTING PACKAGED SKIDS


The foundation pad for a process system package should be level, flat and clean. The pad thickness and design should take into consideration the nature of the sub-soils and the weight of the operating package. Base slabs laid on plastic or unstable subsoil may transmit vibration and / or settle in an unpredictable fashion. Provision for grounding, electrical conduits and other utilities that may be necessary that must penetrate the slab should be carefully laid out in advance. 

The steel base should be bolted down to concrete substructure with anchor bolts at locations shown on the drawing. Sub-structure must be level, and it should be grouted to assure continuous contact with all accessible full depth members. This is essential on structural members supporting drivelines. It is recommended that the steel base to be filled with concrete to top of base in all pockets that are accessible and free of piping (allowing access for drain valves, etc.)

Anchor bolts should be positioned in ferrules fabricated from 2 IPS (50 DIN) pipe (or equivalent). The ferrule should be flush with the surface of the rough level. Soft wadding (or equivalent) should be used to center the bolt in the ferrule during placement of the package unit. This provides bolt flexibility to allow for final position and manufacturing tolerances. After final position has been obtained, the grout should flow into the ferrules and lock the anchor bolts into position.
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No less than 1" (25 mm) of non-shrink epoxy base grout is recommended. The base may be leveled using conventional procedures and verified to be level side to side and corner to corner. Care should be taken to insure cross members are supported even if no measured deflection is observed.

B. Bases With Target Pads

1.0 Purpose

1.1 This guidance has been issued to ensure that Packages utilizing “Target Pads” for base setting are properly interpreted and applied when setting the package base. Proper utilization of the base targets will ensure the package is installed in the same plane as when fabricated. The purpose of this procedure is to eliminate problems associated with motor, gear, and/or compressor alignments and pipe strain resulting from deformation of the base during shipment, handling and setting.

2.0 Application

2.1 This guidance applies only to packages utilizing target pads. Target pads are typically used on large screw compressor packages with vertical oil separators or centrifugal drivelines.  Targets are sometimes used on large packages that must be bolted together in the field.  Refer to the project general arrangement drawings.

3.0 General

3.1 The package base has been designed with sufficient stiffness to prevent permanent deformation of the structure during normal handling. Because of size and weight limitations it is not possible to design a base that will not experience some deflection during handling and setting. However, if the base is installed in the same elevational relationship as it was manufactured, the components on the base should return close to their original relationship. In order to insure the package is restored to its “as built” condition a number of target posts have been installed on the base to permit measurement of the base’s elevation in several locations.  During fabrication the pre-assembled base is set and steel plates are placed under each jack bolt. The base is then leveled using a transit.  Readings are then taken from the top of each target and recorded on an inspection sheet. After the package has been completely assembled the elevation of all the targets are shot a second time and the deviation above and below the original zero lines are recorded. The measured deviations are then stamped on to the tops of the targets. If the base elevations are accurately re-established, less time and effort will be required to align the drive components.
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Target near base fill hole.
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   Leveled base at factory.

4.0 TOOLS

4.1 A good quality accurate surveying Instrument (transit) or equivalent

4.2 Tripod

4.3 Sliding Scale – (story pole) – with minimum graduations of 0.12" (3mm).

4.4  Alignment indicators or laser alignment tools.

4.5 Wrenches for adjusting the jack bolts. 

4.6  3” x 3” (75 x 75 mm) or equivalent ¼” to ½” (6-12 mm) thick steel plates to place under the base jack bolts.

5.0 BASE SETUP

5.1 The foundation should be reasonably clean, level and flat. The package frame should be located in its final position and steel plates placed under each jack bolt prior to lowering the base. Jack bolts should turn freely and may be lubricated with anti-seize compound to prevent galling. The plates should be set flush with the edge of the base so as not to protrude after grouting. The jack bolts should all extend down at least ½” to ¾” inch (12 to 18 mm) below the base to allow for a minimum of 1” (25 mm) of grout under the frame after the base has been set. 
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Steel plates under jackbolts to prevent gouging pad.

5.2 Set the transit at a point approximately halfway between the targets to be measured and approximately three (3 to 5) feet (1 to 2 M) back from the base. A position that can effectively shoot two to three of the frame corners is desirable if it can be achieved. One or more corner target posts will have a zero stamped in the top and may be used as a starting point.
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5.3 Verify your instrument has been properly leveled and elevated to allow comfortable viewing and that the focus is sharp and parallax free. Place the “story pole” on top of the starting target and adjust the sliding scale on the story pole until the crosshair is centered on zero. In the example above the target identified as "1" has a value of zero and could be used as a starting point. 
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   Instrument zeroed out on target #1.

Readings below the zero division are prefixed with a minus sign.

Readings above zero are positive. The accuracy of the factory readings is to one half of one division or .06" (1.5 mm) minimum.
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Target values are clearly stamped on the target surface.

5.4 There are jacking bolts provided along the sides of the base for the purpose of adjusting elevation.  On large packages, there may be jacking bolts along the centerline of the package as well. The four corners of the packaged should be leveled first and then the remaining targets on the perimeter.  After adjusting targets 3 and 4 the elevation of targets 1 and 2 should be reconfirmed from position 1 before adjusting for targets 5 through 8. 
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5.5 The jackbolts between the corners may be adjusted after the four corners have been established. After adjusting one side of the skid the opposite side should be reconfirmed. After all the perimeter jackbolts have been adjusted satisfactorily, any jackbolts near the center of the skid may be adjusted. Again, after any adjustment of a jackbolt the elevations of the other targets should be reconfirmed.

5.6 On centrifugal drivelines and packages with large motors or gearboxes, the coupling alignment should be rechecked prior to grouting in the skid. The alignment of the components should closely approach the factory alignment if the base has been restored to the plane defined by the deviations noted on the targets. If the alignment of the components is off more than .040" to .050" (1.0 to 1.2 mm) TIR in either angular or parallel alignment recheck the targets. Also make sure that all jackbolts are in contact with the floor.

5.7 If the package has been accurately leveled and the driveline components are within reasonable rough alignment the skid can be grouted in place. In order to help avoid pipe strain issues later it is suggested that the driveline be aligned prior to the installation of any interconnecting piping to the components.

ADDENDUM    A

READING THE STORY POLE
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Readings below the 0 line are negative. Readings above the 0 line are positive. Reading A for example would be a positive .30 (.12+.12+.06). Reading B would be -.18     (-.12+ -.06).

BASE FABRICATION WHITE PAPER

Abstract

Base Fabrication Practice

Packaging has emerged as one of the prominent methods of constructing rotating equipment drive trains.  This practice simplifies procurement, allows greater control of construction methods and environment, and speeds the installation process at the job site.  Packaging has gained wide acceptance, especially in the process chemical and petroleum industries.

Packaging, as the term implies, is the prefabrication of equipment assemblies, usually on base weldments, fabricated from structure steel components.  The base, sometimes referred to as the skid, is usually a frame that consists of steel channel or wide-flange beam members coped and fillet welded together at the various intersections.  The beam size is selected using empirical or analytical methods in order to optimize base rigidity and cost.  It is important to note that the base rigidity is optimized, not maximized.  Some flexibility is permitted and expected.  Some deflection of the base is observed, especially along the longitudinal members.

Bases fabricated for drivetrains (rotating equipment), usually include pieces of steel plate welded to the top of the frame assembly and milled or planed to a smooth finish.  These mounting pads are positioned in the same location as the mounting feet of the rotating equipment.  The pads are drilled and tapped for the hold-down bolts.

The finish on the mounting pads is typically 250 ( inch (6.4 microns) or better.  The base weldment is usually positioned in free form, shimmed and secured for machining.  The base is not forcefully straightened or deformed since doing so would result in residual stresses in the base.  Such stresses would adversely affect the parallelism of the machined surfaces later when the base is unrestrained.  The machining process utilizes indexing and milling or planing techniques that permit normal machined surface tolerances.  Once the base is removed from the machine, the flatness and parallelism are altered because of the flexibility and deflection inherent in the frame.

Customer Expectations

Many contractors and millwrights are accustomed to installation practices using soleplates or the use of local machining techniques to mount rotating equipment.  Soleplates embedded in aggregate (or epoxy) permit relatively precise cold misalignment
 prior to permanent setting of the soleplates.  Local machining practices allow contractors to match the mounting surface to the component foot plane.  Both practices make it possible to: 1) avoid the use of tapered or stepped shims and 2) use as few as two shims to achieve the final hot alignment
.  Both practices are labor intensive during installation at the jobsite.

This type of expectation sometimes encourages users and/or contractors to write specifications requiring tight tolerances on the flatness and parallelism of the machined component mounting surfaces on fabricated steel bases.  The intention is to reproduce the condition that results using soleplates or local machining, thus avoiding the need for tapered or stepped shims or machining at the jobsite.  Some procurement specifications now refer to leveling, flatness, and parallelism limits.  One requires mounting pads to be machined flat and parallel to within 0.002" per foot (0.17 mm per meter).  Another requires the mounting surface and components to be level to within 0.002" per foot  (0.17 mm per meter) of length and width of the mounting plates.  This can be achieved on the machine tool.  It cannot be retained because of base flexibility.

Definitions
Level: describes to the deviation of the plane described by the mean of a surface profile relative to the plane described normal to the vector direction of gravitational acceleration in distance per length of surface (inch/foot). 

Flatness: describes the deviation of any point on a surface from the plane described by the mean of the surface profile in distance (inches).

Parallelism: describes the deviation of the plane described by the mean of one surface profile relative to a parallel reference plane, usually the plane described by the mean of another surface profile, in distance per length of surface (inches).

Objectives
These are the primary goals of setting rotating equipment.
Alignment

Alignment of the rotating equipment must be achieved within the operating tolerances of the couplings, seals and bearing systems.  If these tolerances are not met, the reliability of the rotating system is in jeopardy.  High vibration, serious equipment damage, and hazard to personnel can result from hot misalignment.

Foot Plane

The feet of rotating equipment components are machined to the same plane within the tolerances of the manufacturer's machine tool and assembly process.  The mounting surface is usually a machined surface with one or more shims made to achieve shaft alignment.
  When the component is placed on the mounting surface, there is a gap that results between one or more of the feet and the corresponding mounting surface.   If the gap is relatively large, and is not properly adjusted for using shims, a condition called soft foot results.  This condition imposes stresses in the component casing that can cause misalignment of bearings, seals and rotating components.  The reliability of the operating component can be severely reduced if the condition is bad enough.  For this reason, foot plane or soft foot is checked and limited to manageable values.

Maintenance

Maintenance becomes a consideration if a component must be moved and then realigned.  For this reason, end users usually limit the number, type and material of shims used.  It is also desirable to eliminate tapered or stepped shims since they must be reinstalled in the precise orientation necessary to compensate for the existing angular gap between the foot and the mounting surface.

Constraints

Base Flexibility
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As mentioned above, structural steel base beam size is selected using empirical or analytical methods in order to optimize base rigidity and cost.  The base rigidity is optimized, not maximized.  Some flexibility is permitted and expected.  Some deflection of the base is observed, especially along the longitudinal members.  This flexibility occurs in the elastic region of the stress-strain curve and is manifest when lifting and rigging of packaged units.  The deflection toward the midpoint of the longitudinal span can be anywhere from a small fraction of an inch to a few inches depending on the package design and dimensions.  Even if the surfaces meet requirements at the time of machining, any deflection that is imposed, after the base is machined, will affect the flatness and parallelism of the surfaces.  Figure 1 illustrates the affect of even a very small deflection on the mounting surface flatness and parallelism.  For example, if a deflection (1 of 0.125" (3.2 mm) is permitted over a length of 10 feet (3 M), the other deflections, (2 and (3, are on the order of .010" to .050" (0.3 to 1.3 mm).  These deflections could be considered unacceptable given the stringent criteria of flatness and parallelism imposed in some specifications.  In order to reproduce the "as machined" flatness and parallelism, the flatness of the base as it was set on the machine tool must be reproduced at the jobsite, within ten-thousandths of an inch!  This is an insurmountable barrier in most field erection scenarios because of the available instrumentation.

Component Assembly and Machining Limitations

Vertically split compressor casings provide another obstacle to very tight flatness tolerances.  In many cases, the casings are machined separately prior assembly.  Assembly objectives focus on bearing, shaft, rotor and bore concentricities so the foot plane becomes a secondary consideration.  Combined parallel and angular offsets can result in measurement of one foot out of plane from another by .010" to .015" (0.25 to 0.38 mm), and still be within manufacturing tolerance.  Manufacturers are reluctant to machine compressor casings once they have been assembled for fear of damaging the assembled machine.

Furthermore, some components, such as large motors, carry a manufacturing tolerance that permits one foot to be out of the plane of another by .005" to .010" (0.13 to 0.25 mm).  

Although these issues do not affect the flatness and parallelism of the base, they do speak to the rationale of exhausting valuable resources to level the structural base mounting surfaces in such cases.

Intentional Cold Angular Misalignment

In refrigeration, it is common to impose an intentional angular cold misalignment to compensate for uneven vertical thermal growth along the length of the compressor.  In the case of one five stage 55" (1400 mm) centrifugal compressor used for booster duty, an angular cold misalignment of 0.005" per foot (0.4 mm per meter) was needed to compensate for thermal growth.  This results in a .005" (0.4 mm per meter) per foot taper under the feet.  The typical limit imposed on softfoot at the foot of a component is 0.002" (0.05 mm) springback.  It is often impossible to correct this softfoot indication without the use of tapered or stepped shims.

Again, this issue speaks to the rationale of exhausting valuable resources to level the structural base mounting surfaces.

Summary

Alignment and foot plane procedures take time to accomplish.  Because it is not feasible to reproduce the "as machined" flatness of a large base within ten thousandths of an inch, it should be recognized that the time will be needed to accomplish a proper alignment at the jobsite.  Up to a week may be needed in some cases.  Stepped or tapered shims may be needed to compensate for any alignment or softfoot problems resulting from base flexibility, component foot plane variations or an intentional angular cold misalignment.

PRESTARTUP
ALIGNMENT
FRICK XJF/SGC COMPRESSORS:
The Frick RWF(SGC) and RXF(XJF) compressor units utilize a flanged motor design.  The motor and compressor are joined by a machined cast iron tunnel.  This tunnel is factory set through machining tolerances ensuring motor compressor alignment.  No alignment is required in the field.  For replacement motors, the alignment should be checked and tolerances verified with the Frick service department.  For this type of compressor, disregard the following specific instructions regarding alignment only.  Adhere to all other instructions and the referenced manufacturer’s bulletin(s).

Although the motor and compressor were properly aligned at the factory, there may have been some unavoidable distortion of the base during shipment and handling.  YORK recommends that alignment of the rotating equipment be checked in accordance with the requirements of this manual.

IMPORTANT:
A preliminary alignment (+/.005") must be made after the base is leveled and prior to installation of major compressor piping.  This will help isolate the effect of piping strain, which must be alleviated prior to compressor operation.  Refer to CHECKING FOR PIPING STRAIN below.

If doweling is elected, do not dowel the equipment until the final hot alignment check has been performed following compressor operation.
NOTE:
Compressor hold-down bolts must be tightened to the following torque values:

	HOLD-DOWN BOLT TORQUES (SAE J429 GR5 OR A325 T1 BOLTS)

	Nom Bolt Size (IN)
	Min Torque, FT-LB
	Max Torque, FT-LB
	Comments

	 
1/2
	26
	38
	

	 
5/8
	51
	77
	

	 
3/4
	92
	138
	

	 
7/8
	148
	223
	

	
1    
	223
	335
	RWBII 100-270, M Compressors

	
1 1/8
	316
	474
	

	
1 1/4
	451
	676
	RWBII 316-856

	
1 1/2
	786
	1179
	

	Make sure nuts are minimum A-194-2H strength.


NOTE:
Alignment and foot plane procedures take time to accomplish.  Large driveline bases are inherently flexible.  Because it is not feasible to reproduce the "as machined" flatness of a large base within ten thousandths of an inch at the site, it should be recognized that the time will be needed to accomplish a proper alignment at the jobsite.  Up to a week may be needed in some cases.  Stepped or tapered shims may be needed to compensate for any alignment or softfoot problems resulting from base flexibility, component foot plane variations or an intentional cold angular misalignment to compensate for non-uniform thermal growth.

{FRICK SCREW COMPRESSOR AS APPLICABLE}

For screw compressors, refer to the applicable FRICK bulletin in Section 11 for alignment instructions:

· RXB: S70-101 IOM

· RWBII: S70-200 IOM 

· RXF: S70-400 IOM

· RWF: S70-600 IOM

When reassembling the coupling, follow the coupling manufacturer's instructions when provided.  Refer to any special instructions provided on the Instructions to Erecting Engineer drawing or the General arrangement drawing.  Reassemble coupling according to match marks for balanced couplings.  When no other criteria exists, it is good practice to assemble coupling so the driver and driven keys are on opposite sides.

After alignment has been completed, but before the unit is started, a check must be made for softfoot (foot plane) and piping strain.  The softfoot check is described below.  The piping strain check is as described in a separate document in this section.

If high vibration is experienced when the system is operated, then the unit should be immediately stopped and the alignment should be rechecked.
METHODS TO DETERMINE SOFTFOOT

Two methods are generally used to determine soft foot, foot measurement or shaft measurement.

In the shaft method a dial indicator is mounted to the base or some other rigid support and the indicator is placed on the end of the shaft. All four motor bolts are tightened and the indicator is zeroed out. Each foot bolt is loosened one at a time and the deflection of the shaft is measured by the indicator. Generally .002 deflection is the maximum deflection allowed. While the shaft deflection approach has merit, measuring soft foot at each foot provides a more accurate reading. If foot readings are taken in preparation for alignment and any observable soft foot corrected at that time, a shaft soft foot check should simply service as a confirmation. 

SHIMMING TO CORRECT FOR SOFT FOOT

On four footed components with feet on separate housings a soft foot condition can occur on a machined flat base front-to-back, side-to-side, or corner to corner.  Shim area may be less than the foot area when the component has full length or width feet and/or when shims were provided by the component manufacturer or the foot area is excessively large. 

Compressor Alignment Record

HOT ALIGNMENT READINGS, COMPRESSOR (HIGHSPEED)

DRIVER TYPE:  FORMCHECKBOX 
 MOTOR  FORMCHECKBOX 
GEAR  FORMCHECKBOX 
TURBINE  FORMCHECKBOX 
 ENGINE

FACING DRIVER
FACING COMPRESSOR



A)      

A)      


R)      

R)      
[image: image11.png]ANCHOR BOLT

HEAVY HEX NUT

WASHER

SKID_MEMBER

sRoUT

FOUNDATION

Typical Installation



[image: image12.png]=[5
= |8

99

067 = 112 of 1100 of 1 Foot
172 of 1 division

0.127= 1100 of 1 Foot

T

READING THE
STORY POLE






A)      
A)      
A)      
A)      

R)      
R)      
R)      
R)      




A)      

A)      
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FACING DRIVER
FACING COMPRESSOR
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Remarks:       
A) Actual    R) RequiredWARNING:
THE MAIN DRIVE MOTOR SWITCHGEAR MUST BE LOCKED OPEN AND TAGGED OUT BY A QUALIFIED ELECTRICIAN PRIOR TO PERFORMING THE TESTS IN THIS SECTION.  CARE MUST BE TAKEN TO INSURE THAT NO STARTER IS ENERGIZED WHILE PERSONNEL ARE WORKING ON THE AFFECTED EQUIPMENT.

CAUTION:
Do not hydro test YORK supplied equipment.

CAUTION:
Be sure to use a pressure regulator between any nitrogen bottle and the system being pressurized to prevent over pressure.  Otherwise, overpressure may lift the relief valves.

CAUTION:
Do not use a halide torch, electronic leak detector or sulfur sticks in a hazardous area.  Either will develop local temperatures capable of igniting flammable gases.

CAUTION:
Care must be taken not to damage system seal materials or components by using incompatible leak test media.  For example, do not use R-22 to leak check ammonia systems.  R-22 may react with system oil or elastomers to cause a chemical incompatibility with ammonia.  The result may cause the formation of compounds that will be detrimental to operating components.  Sulfur sticks may be used to pinpoint leaks in a non-hazardous area.  Do not use sulfur sticks in a N.E.C. hazardous area.  Litmus paper and soap bubbles may also be used to help pinpoint ammonia leaks.  Similarly, do not use propylene to leak test a propane system or vice versa, etc.  Contact the factory for guidance.

CAUTION:
Relief valves and rupture disks must be removed and their associated connections sealed during pressure/leak testing at any pressure higher than approximately 80% of their set pressure.  Otherwise, these devices will open and must be replaced or recalibrated per manufacturer’s recommendation.

LEAK TESTING
Following strength testing and prior to commissioning, all refrigerant pipework and vessels should be thoroughly leak tested.

The purpose of the test is to prove the integrity of the installed system prior to evacuation and the introduction of the refrigerant charge.  It is not a mechanical strength test and must not be considered as such, since all refrigerant pipework shall have been hydraulically/pneumatically strength tested, cleaned and dried prior to installation.

NOTE:
This test shall only be performed prior to the application of insulation on vessel, piping or tubing joints (E.G. flanged, welded, threaded or cinched).
Field Erected Piping
NOTE:
If the refrigeration system is completely manufactured and assembled at the factory, the Code pressure test is not required.  The Code test was completed at the factory.

Field erected piping is piping that is welded or assembled at the installation site.  An example of this is piping that interconnects packages.  In such case, the applicable ASME Piping Code requires that the piping shall be tested at a pressure equal to the design pressure of the component with the lowest design pressure in that piping section.  In the case of a centrifugal system with no compressor isolation valves, the test shall be conducted at the low side design pressure.  Conduct the test as follows:

Remove system relief valves as they will open under the required test pressure.

CAUTION:
Any conventional refrigeration relief valve that has been lifted under pressure must be considered compromised and must be replaced.

Open all manually operated valves.  Close all vents and drains.  Make sure all flange closures are rated for the test pressure.  If there is any question, contact the York Process Systems Service for clarification.

All relief devices (relief valves and rupture disks) should be removed initially and any openings or connections not used must be adequately sealed with caps, plugs or blind flanges.

Check that all control and pneumatically actuated valves are correctly installed in respect of the required direction of flow and are free to operate.  Install calibrated test gauge(s) to permit verification of system test pressure.

The test medium should be dry nitrogen.  Do not use mixtures of air and refrigerant due to possible explosion hazard.  Do not hydrostatically test York refrigeration components using water without prior written approval from York.

For safety purposes all personnel, except those immediately concerned with execution of the test, should be excluded from an area of at least 50 feet (15 meters) around the package during the test.  The test should preferably be carried out outside normal working hours.  The test area should be roped off and warning notices stating "CAUTION - HIGH PRESSURE TESTING" displayed at all points of access.

Although factory leak tested prior to shipment, the package piping and components may have to be included within the scope of this pressure test if it cannot be isolated with a permanent valve or spectacle blind.

NOTE:
YORK recommends that this test be conducted under the guidance of a YORK Service Representative.  A record of the test and the results should be kept on file for future reference.

A test pressure in accordance with the applicable ANSI/ASME Piping Code (1.1 x maximum working pressure) shall be used.  Test apparatus shall include a pressure limiting relief device, pressure control valve with gauge, or other device for preventing any pressure being imposed over that prescribed.

The design working pressure specified on all vessel data plates must be checked to ensure compliance of system test pressure.  Check the ratings of ANSI flanges to make sure ratings agree with vessel markings.  If there is any question, contact York Process Systems Service for clarification.
Where no markings are found the pressure test should not be attempted.  A thorough examination of the system is recommended to ensure that the system is safe to pressurize.

Using a valve on the charge line, or an equivalent low point connection, pressurize the system slowly to a preliminary pressure, about 25 psi (1.7  Bar).  A preliminary visual leak check shall be made using a soap solution.

Thereafter, the pressure shall be gradually increased in steps until the test pressure (1.1 x DWP) is reached, holding the pressure at each step long enough to equalize piping strains. The test pressure must be maintained for at least 10 minutes. The pressure shall then be reduced to the design pressure before examining for leakage.   Follow the instructions provided in the governing piping code.

Any leakage detected at any stage of the pressure test shall be made good before the test is continued.

CAUTION:
A leak will require the full release of pressure in the section of pipework to be repaired before it can be rectified.  The full procedure must be repeated for the section repaired.  If unable to isolate the section safely the entire system should be de-pressurized before repair work is commenced.
By adding glycerin to the soap solution, the bubble action is improved.  For flange joints it may be advisable to tape the joints and put a small hole through the tape between the flanges to improve leak detection.
The test pressure (1.0 x DWP) must then be held for a minimum period of 4 hours with no change in pressure other than that which may result from changes in ambient temperature.

On completion, release the test gas slowly from the lowest point of the system.  Install any system relief valves that were removed for this test.  (Ensure that all relief valves are correctly set to lift at their specified pressures.)

System Leak Test 

(For any refrigerant, including ammonia (NH3/R717) or for any system in a hazardous area.)

NOTE:
If the refrigeration system is completely manufactured and assembled at the factory, the leak test must be conducted anyway to insure a leak-tight system.

NOTE:
If the above ASME Piping Code pressure test has been conducted, this leak test is not required.

The system should now be leak tested using oxygen free nitrogen.  The pressure should slowly be increased until the pressure reaches 80% of the lowest relief valve setting.

Re-check all joints for tightness using a soap solution, particular attention should be paid to relief valves.   Repair any leaks found and re-test until the system is leak tight.

CAUTION:
A leak will require the full release of pressure in the section of pipework to be repaired before it can be rectified.  The full procedure must be repeated for the section repaired.  If unable to isolate the section safely the entire system should be de-pressurized before repair work is commenced.

On completion slowly release the test gas as before.  If, however, vacuum dehydration is not to commence immediately, a holding charge of 15 psig (1 Bar G) should be left in the system to eliminate risk of moisture ingress.

 A certificate of the satisfactory gas leak test shall be witnessed by the customer and the York Commissioning Engineer and issued by the engineer in charge of testing.  Use the form in the front of this manual.

Insulation of the system may now be commenced, however, flanged joints must not be covered until vacuum dehydration has been completed.

For Non-Hazardous Areas and Any Refrigerant Except Ammonia
The system should now be leak tested using an oxygen free nitrogen/refrigerant gas mixture (ammonia must not be used).  The system should first be charged with a quantity of refrigerant then the pressure should be slowly increased to 80% of the lowest relief valve setting using oxygen free nitrogen.

Re-check all joints for tightness using electronic leak detector.  Particular attention should be paid to relief valves.  Repair any leaks found and re-test until the system is leak tight.

CAUTION:
A leak will require the full release of pressure in the section of pipework to be repaired before it can be rectified.  The full procedure must be repeated for the section repaired.  If unable to isolate the section safely the entire system should be de-pressurized before repair work is commenced.

On completion slowly release the test gas as before.  If, however, vacuum dehydration is not to commence immediately, a holding charge of 15 psig (1 Bar G) should be left in the system to eliminate risk of moisture ingress.

A certificate of the satisfactory gas leak test shall be witnessed by the customer and the York Commissioning Engineer and issued by the engineer in charge of testing.  Use the form in the front of this manual.

Insulation of the system may now be commenced, however, flanged joints must not be covered until vacuum dehydration has been completed (ref. to Para. 4.2).
Leak Test of Water Piping (where applicable)

The same procedure shall be followed for all York supplied water piping as is used for refrigerant piping, with the exception that nitrogen only is to be used, and therefore, leaks can only be identified using a soap solution.

Leak Test for Control-Air Piping (where applicable)

The control air piping shall be leak tested by introducing nitrogen, initially at a pressure corresponding to the lowest pressure regulator setting shown on the pneumatic diagram.  The regulators should progressively be set one at a time, starting with the lowest set regulator and finishing with the highest set regulator, the nitrogen pressure then being increased in steps accordingly.  Leak test all joints with a soap solution, mark all leaks and then repair as necessary. Re-check until the system is considered leak tight.  When complete release the nitrogen slowly.

VACUUM DEHYDRATION OF REFRIGERANT SYSTEM
VACUUM DEHYDRATION OF REFRIGERANT SYSTEM (non Ammonia systems)
In order to eliminate operational problems resulting from trapped moisture it is necessary to evacuate the system prior to charging it with refrigerant and oil.  For the system to be considered dry, the equipment must be able to sustain a 2000 micron (2.0 mm Hg Abs) pressure. In order to achieve this, a double or even triple evacuation procedure may have to be carried out.   This is described below.

The equipment typically recommended is:

	QTY
	DESCRIPTION

	1
	Two stage vacuum pumps capable of creating a vacuum of 1mm Hg Abs. (1.3 m Bar A).

	1 set
	Charging/evacuation lines complete with necessary valves.


The procedure to be used is as follows:

1. First ensure that all parts of the system are at atmospheric pressure and that all free water has been drained as far as is practicable.   Open all valves, including gauge and oil-line valves, except those to atmosphere or to any instruments liable to be damaged by a vacuum - in the event of any doubt obtain confirmation from York International as to suitability.  Warm up all parts to be evacuated (where possible) typically 70-85°F (20 to 30 deg C).  Note: this requirement is advisable when the ambient temperature is 60°F (16°C) or less.

2. Connect the vacuum pump(s) to the system charging valves and install a vacuum gauge in the system at a point as far away from the vacuum pump as possible.

3. The vacuum pump(s) oil should be checked frequently for signs of water contamination (milky appearance).  If this situation occurs, the pump(s) must be run for 30 minutes isolated from the system with the gas ballast open and the system charging valve closed.  Alternatively, the oil charge may be replaced.

4. This process will also show if the pump(s) are faulty as 1 mm Hg Abs. (1.3 m Bar A) would not be achieved.  Even a small amount of moisture contamination in vacuum pump oil will raise the pump blank off pressure and prevent achieving the required vacuum level.

5. After proving that the vacuum pump(s) are working correctly, open the system charging valves.

The system pressure will fall initially and then stabilize when the moisture evaporates and will then continue to fall.  The length of time required to dehydrate the system depends upon the size and efficiency of the vacuum pump(s), the ambient temperature and the quantity of moisture in the system.

DO NOT stop the pump(s) without first closing the system charging valves otherwise the pump oil may be drawn into - and contaminate - the system.  Always check for this possibility if an interruption to the power supply is experienced, or suspected.  In the event of oil loss, it will be necessary to strip and internally clean affected parts.

During evacuation, check the vacuum pump oil regularly and service as required.  The oil may need to be replaced and/or topped off.

During the primary evacuation it might not be possible to pump down the system to 3 mm Hg Abs (4 m Bar A) due to leaks.  These leaks must be rectified before continuing evacuation.

NOTE:
The compressor shaft seal may have become misaligned during shipment and installation.  Rotate the shaft by hand to align and lubricate the seal prior to evacuation.

A leak is unlikely to occur if the system was carefully leak tested but likely areas are:

(1)
Compressor Shaft Seals

(2)
Valve Packing

(3)
Vacuum Pump Connections

(4)
Defective Stop Valves (not tightly shut off)

After rectifying any leaks, continue to pump the system down to 2000 microns (2.0 mm Hg Abs). Once this pressure has been achieved, isolate the vacuum pump(s).

It may, however, not be possible to achieve 3 mm Hg Abs (4 m Bar A) without double/triple evacuation due to the quantity of the water within the system.  Double/triple evacuation overcomes the inherent danger of freezing free water within the system.

While evacuating, if the pressure remains constant for a long time, this will suggest a large quantity of water.   If this situation occurs, the vacuum pumps should be isolated and the pressure in the system allowed to rise to just above atmospheric by the introduction of oxygen free nitrogen.

The system should then be re-evacuated to 2000 microns (2.0 mm Hg Abs).  If, however, the pressure remains constant for any length of time at the saturation point of water (for the local ambient temperature) a triple evacuation will be required, i.e. introduce Oxygen Free Nitrogen and then re-evacuate.

This procedure should be repeated as necessary to reduce the pressure to 2000 microns (2.0 mm Hg Abs).  Not being able to achieve 3 mm Hg Abs (4 m Bar A) after triple evacuation indicates the presence of significant qualities of free water which should be removed before further attempts are made to evacuate the system.

The system must now be checked to see if it is dry and fully tight.  This is done by isolating the vacuum pump(s) from the system and leaving for a period not normally less than 4 hours.

The vacuum should be held for this period with a maximum pressure rise of to 2000 microns (2.0 mm Hg Abs).

A dehydration of the system should be avoided if the ambient temperature is below 41°F (5 deg C).  If this situation does occur, the system should be sectioned off and the compartments warmed and evacuated individually using the same method as described before.

A vacuum test shall be witnessed by the customer and a certificate issued by the York Commissioning Engineer.  The certificate form in the front of this manual should be used.  

The system can now be considered dry and ready for refrigerant charging, and all remaining insulation can be applied.  If refrigerant charging is not to commence immediately, then the vacuum should be broken and the system pressure raised to about 15 psig (1 Bar G) with oxygen free nitrogen.

EVACUATION OF REFRIGERANT SYSTEM (Ammonia systems)
In order to eliminate operational problems it is necessary to evacuate the system prior to charging it with refrigerant and oil. 

The equipment typically recommended is:
	QTY
	DESCRIPTION

	1
	Single stage vacuum pumps capable of creating a vacuum of 1mm Hg Abs. (1.3 m Bar A).

	1 set
	Charging/evacuation lines complete with necessary valves.


The procedure to be used is as follows:

1. First ensure that all parts of the system are at atmospheric pressure and that all free water has been drained as far as is practicable.   Open all valves, including gauge and oil-line valves, except those to atmosphere or to any instruments liable to be damaged by a vacuum - in the event of any doubt obtain confirmation from York International as to suitability.  Warm up all parts to be evacuated (where possible) typically 70-85°F (20 to 30 deg C). 

2. Connect the vacuum pump(s) to the system charging valve.

3. The vacuum pump(s) oil should be checked frequently for signs of water contamination (milky appearance).  If this situation occurs, the oil charge must be replaced.

4. After proving that the vacuum pump(s) are working correctly, open the system charging valves.

DO NOT stop the pump(s) without firstly closing the system charging valves otherwise the pump oil may be drawn into - and contaminate - the system.  Always check for this possibility if an interruption to the power supply is experienced, or suspected.  In the event of oil loss, it will be necessary to strip and internally clean affected parts.

During evacuation, check the oil regularly and service as required.  The oil may be replaced and/or topped up.

During the primary evacuation it might not be possible to pump down the system due to leaks.  These leaks must be rectified before continuing evacuation.

NOTE:
The compressor shaft seal may have become misaligned during shipment and installation.  Rotate the shaft by hand to align and lubricate the seal prior to evacuation.

A leak is unlikely to occur if the system was carefully leak tested but likely areas are:-

(1)
Compressor Shaft Seals

(2)
Valve Packing

(3)
Vacuum Pump Connections

(4)
Defective Stop Valves (not tightly shut off)

After rectifying any leaks, continue to pump the system down to below 2000 microns (2 mm Hg Abs).  Once this pressure has been achieved, isolate the vacuum pump(s) and leave the system for 4 hours.  The vacuum should be held after this period with a maximum pressure rise of 2000 microns (2 mm Hg Abs).

Evacuation of the system should be avoided if the ambient temperature is below 41°F (5 deg C).  If this situation does occur, the system should be sectioned off and the compartments warmed and evacuated individually using the same method as described before.

A vacuum test shall be witnessed by the customer and a certificate issued by the York Commissioning Engineer.  The certificate form in the front of this manual should be used.

The system can now be considered ready for refrigerant charging, and all remaining insulation can be applied.  If refrigerant charging is not to commence immediately, then the vacuum should be broken and the system pressure raised to about 15 psig (1 Bar G) with oxygen free nitrogen.

COMMISSIONING

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.
Insert the adjustable set points into the microprocessor(s) including 30 min. delay time and the calculated number 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 20°F (10°C) above the set point and providing the compressor is on or below 10% Slide Valve (see the display) push the remote start on the touch pad on the compressor (microprocessor board) after a few seconds the microprocessor will request a start, then providing all circuits are operational, the oil pump should start.  After a short delay to establish oil pressure the compressor should then start.

NOTE:
Should the compressor cut out for any reason, then the cut out will flash on the LCD of the Microprocessor.  If this happens, then call up the annunciator (Pages 1-4) on the microprocessor to establish the cause of the failure.

To reset the processor, it is first necessary to bring up the appropriate page of the annunciator.

For more details refer to the Screw Compressor Manual 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 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 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.
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.

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.

 IOM SUPPLEMENT


Adjustment of Main Oil Injection Throttling Valve

NOTE:
Start the compressor with the compressor main oil injection throttling valve fully open.
External Oil Cooling (Thermosyphon, Water Cooled, and Glycol Cooled):
As soon as the system load allows the compressor to be run nearly fully loaded (80 to 100%), adjust the opening of the valve as follows.

Gradually close the valve in 1/2 turn increments until the compressor discharge temperature starts to rise.  Allow enough time between valve adjustments to let the compressor discharge temperature stabilize.

Make adjustments until the discharge temperature is within 10(F of the design temperature.  Refer to the summary of design operating conditions.  It may be necessary to fully open the throttling valve to achieve the desired temperature.

CAUTION:
Never close the valve all the way.  Recompression pulsation at the compressor oil injection port will cause overheating in the vicinity of the connection if there is no oil flow.  The throttling valve should always be open at least one full turn.

On units with full or cycling full lube oil pumps, make final adjustments to the oil pressure regulator and the throttling valve while the pump is running in order to achieve the desired discharge temperature.

If the discharge temperature is within 10(F of design, the oil temperature is within 10(F of design, and the discharge temperature never increases above 180(F during part load operation, the compressor is behaving normally.

Liquid Injection Oil Cooling:

Because the discharge temperature is controlled by the Liquid Injection Thermal Expansion Valve you will not be able adjust for the correct oil flow by using the discharge temperature. Before the initial startup of the compressor close the hand expansion valve completely. Open the valve back up and count the turns that it takes to fully open the valve. After the initial startup close the valve ½ way. If it took 10 turns to open the valve completely, then turn it in 5 turns. If it took 7 turns to open, then close the valve 3 ½ turns. Do not close the valve any further than ½ the number of turns required to fully open it. 

	Operating Log Sheet

1 of 4

	Date:      
	NORM / ALARM
	
	
	
	

	Time:      
	
	
	
	
	

	Hour Meter Reading:      
	
	
	
	
	

	Ambient Temp / Barometric Pressure:      
	
	
	
	
	

	Compressor


	Suction Pressure
	PSI/BAR
	     
	     
	     
	     
	     

	
	Suction Temperature
	(F / (C
	     
	     
	     
	     
	     

	
	Discharge Pressure
	PSI/BAR
	     
	     
	     
	     
	     

	
	Discharge Temperature
	(F / (C
	     
	     
	     
	     
	     

	
	Brg Oil Supply Pressure
	PSI/BAR
	     
	     
	     
	     
	     

	
	Oil Filter Pressure Diff
	PSId/BARd
	     
	     
	     
	     
	     

	
	Brg Oil Temp
	(F / (C
	     
	     
	     
	     
	     

	
	Thrust Brg Oil Press
	PSI/BAR
	     
	     
	     
	     
	     

	
	Thrust Oil Temp
	(F / (C
	     
	     
	     
	     
	     

	
	Return Oil Temp
	(F / (C
	     
	     
	     
	     
	     

	
	Sump Temp
	(F / (C
	     
	     
	     
	     
	     

	
	Bearing Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	Bearing Non-Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	Balance Piston Press
	PSI/BAR
	     
	     
	     
	     
	     

	
	Sump Press
	PSI/BAR
	     
	     
	     
	     
	     

	
	Oil Cooling Water On/OFF
	(F / (C
	     
	     
	     
	     
	     

	
	Slide Valve Position
	%
	     
	     
	     
	     
	     

	
	Volume Ratio
	
	     
	     
	     
	     
	     

	
	P.R.V. Position
	% Open
	     
	     
	     
	     
	     

	
	Seal Leakage 
	Drops/Min
	     
	     
	     
	     
	     

	
	Capacity Control Setpoint
	
	     
	     
	     
	     
	     

	
	Reservoir Temperature
	(F / (C
	     
	     
	     
	     
	     

	
	Oil Level 
	
	
	
	
	
	

	
	Oil Added
	GAL/LIT
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	Date:
	NORM / ALARM
	
	
	
	

	Gearbox
	Supply Oil Pressure
	PSI/BAR
	     
	     
	     
	     
	     

	
	Supply Oil Temperature
	(F / (C
	     
	     
	     
	     
	     

	
	Sump Oil Temperature
	(F / (C
	     
	     
	     
	     
	     

	
	Cooling Water On/Off
	(F / (C
	     
	     
	     
	     
	     

	
	H.S. Bearing Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	H.S. Bearing Non-Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	L.S. Bearing Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	Oil Level 
	
	
	
	
	
	

	
	Oil Added
	GAL/LIT
	     
	     
	     
	     
	     

	Motor
	L.S. Bearing Non-Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	Current  1/ 2 / 3
	Amps
	     
	     
	     
	     
	     

	
	Cooling Water On/Off
	(F / (C
	     
	     
	     
	     
	     

	
	Bearing Drive End
	(F / (C
	     
	     
	     
	     
	     

	
	Bearing Non-Drive End
	(F / (C
	     
	     
	     
	     
	     

	Evap
	Flow Rate
	     
	     
	     
	     
	     
	     

	
	Inlet Process
	(F / (C
	     
	     
	     
	     
	     

	
	Outlet Process
	(F / (C
	     
	     
	     
	     
	     

	
	Pressure Drop
	PSID/BARD
	     
	     
	     
	     
	     

	Condenser
	Flow Rate
Air
	Flow Rate
	     
	     
	     
	     
	     
	     

	
	
	Air On
	(F / (C
	     
	     
	     
	     
	     

	
	Liquid
	Wet Bulb
	(F / (C
	     
	     
	     
	     
	     

	
	
	Inlet Coolant
	(F / (C
	     
	     
	     
	     
	     

	
	
	Outlet Coolant
	(F / (C
	     
	     
	     
	     
	     

	
	
	Pressure Drop
	PSID/BARD
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	Econo-mizer
	
	
	NORM / ALARM
	
	
	
	

	
	Condensed liquid
	(F / (C
	     
	     
	     
	     
	     

	
	Vessel Pressure
	PSI/BAR
	     
	     
	     
	     
	     

	
	Leaving Liquid
	(F / (C
	     
	     
	     
	     
	     

	
	Level
	In/mm
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	Miscellaneous Readings (e.g. Turbine, engine, etc):

	Date
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	
	
	
	
	
	

	Comments:     

	     

	     

	     

	     

	     

	     

	     

	     

	     

	

	

	

	

	


Start-up Report

Unit General Information

	Customer Name
	     
	Project No.
	     

	Comments:
	     

	

	Compressor Motor Information (If supplied by others)

Manufacturer:
	     
	Frame Size:      
	HP:       RPM:      

	 Serial #       
	Service Factor:              Voltage       Hz       FLA      

	Design         Code      
	Bearing Type:   FORMCHECKBOX 
 Anti-friction   FORMCHECKBOX 
 Sleeve

	


Compressor Motor Starter Information (If supplied by others)

	Manufacturer:
	     
	Size/Model:      
	Serial #:       

	Starter Type:  FORMCHECKBOX 
 WDCT   FORMCHECKBOX 
 ATL   FORMCHECKBOX 
Auto-Trans   FORMCHECKBOX 
 Solid State   FORMCHECKBOX 
 Digital DBS   FORMCHECKBOX 
 Standalone DBS

	CT Location Checked  FORMCHECKBOX 
  CT Phase       CT Radio       Transition Time        

DBS Ver #      

	


Turbine Information (If supplied by others)

	Manufacturer:
	     
	Frame Size:        HP:        RPM:      

	Serial #:         FORMCHECKBOX 
 Steam   FORMCHECKBOX 
 Gas

	Design:       Code:        Bearing Type:  FORMCHECKBOX 
 Anti-friction   FORMCHECKBOX 
 Sleeve

	


Gearbox (If supplied by others)

	Manufacturer:
	     
	Size/Model:        Serial #:      

	Gear Ratio:         Rating:        Service Factor:      

	


Pre-start Checks

	 FORMCHECKBOX 
 Position of all valves
	 FORMCHECKBOX 
 All wiring connections
	 FORMCHECKBOX 
 Motor Rotation
	 FORMCHECKBOX 
 Oil pump motor rotation

	 FORMCHECKBOX 
 All micro settings
	 FORMCHECKBOX 
 Cold alignment
	 FORMCHECKBOX 
 Proper oil charge
	 FORMCHECKBOX 
 Installation, Foundation

	 FORMCHECKBOX 
 Control valves stroke
	 FORMCHECKBOX 
 Check all controls with adjustable set points as listed in this IOM

	 FORMCHECKBOX 
 Pre-start Checks per Pre-start and Start-up Summary Checklist

	


Adjustable Safety Setpoints (As Commissioned)

	High Discharge Pressure
	Stop Load      
	Force Unload      
	 Alarm      
	Delay      

	
	Shutdown      
	Delay       
	
	

	High Discharge Temp.
	Stop Load      
	Force Unload      
	 Alarm      
	Delay      

	
	Shutdown      
	Delay       
	

	Motor Amps       Volts        Service Factor         Horse power      

	CT Factor        
	Recycle Delay      
	

	Low Motor Amps
	Shutdown        Delay        Force Unload Inhibit Delay      

	High Motor Amps
	Stop Load      
	Force Unload         Alarm      
	Delay      

	
	Shutdown      
	Delay       
	
	

	High Oil Temp.
	Alarm      
	Delay      
	 Shutdown      
	Delay      

	Low Oil Temp.
	Alarm      
	Delay      
	 Shutdown      
	Delay      

	
	High Level Shutdown Delay      

	Low Separator Oil Temp.
	Alarm      
	Delay      
	 Shutdown      
	Delay      

	
	Capacity Control      

	Low Suction Pressure
	Stop Load      
	Force Unload      
	 Alarm      
	Delay      

	
	Shutdown      
	Delay       
	
	

	


Field Revised Drawings and Documents Attached

	Drawing Number
	Title
	Comments

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	


Start-up Checks

	Check items and record the following:

	Compressor Lube:
	 FORMCHECKBOX 
  Replace filter elements after 50 HR
	 FORMCHECKBOX 
 Clean oil pump suction strainer

	Gear Lube:
	 FORMCHECKBOX 
  Replace filter elements after 50 HR
	 FORMCHECKBOX 
 Clean oil pump suction strainer

	System:
	 FORMCHECKBOX 
  Clean compressor suction strainer
	

	Number of operating hours @ time of this report:     

	


Centrifugal Compressor Proximity Probe Readings (when applicable)

	Tag Number
	Probe Location
	Mils

	     
	Compressor shaft end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Compressor sump end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Compressor axial normal direction
	       FORMCHECKBOX 
 Forw  FORMCHECKBOX 
 Rev

	     
	Compressor axial reverse direction
	       FORMCHECKBOX 
 Forw  FORMCHECKBOX 
 Rev

	     
	Gear HS shaft compressor end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Gear HS shaft motor end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Gear LS shaft compressor end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Gear LS shaft motor end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Motor shaft end radial
	       FORMCHECKBOX 
 Pk-Pk

	     
	Motor end opposite shaft radial
	       FORMCHECKBOX 
 Pk-Pk

	Note: Refer to Compressor Casing Vibration Data


	Comments

	     


	Special Operating Instructions given to Customer

	     


Drive Train Alignment Information

	Ambient Temperature at Time of Alignment      (F  

Oil Separator Temperature at Time of Alignment      (F

	Distance Between Coupling Hub Faces:  HS      /LS      

	Soft Foot Check:  FORMCHECKBOX 
 OK as found   FORMCHECKBOX 
 Shimming required

	Indicator Readings in:   FORMCHECKBOX 
 in./100   FORMCHECKBOX 
 mm

	Indicator Readings Facing:  FORMCHECKBOX 
 Compressor and Motor  

Magnetic Center Checked:   FORMCHECKBOX 
 Marked   FORMCHECKBOX 
 N/A

	Compressor Coupling Hub Runout:        Motor Coupling Hub Runout:      

	Alignment procedures are found in section 4. Attach completed forms.
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Figure 1





� EMBED PBrush  ���





� EMBED PBrush  ���








� 	Cold misalignment is the phrase describing the use of intentional parallel and angular offsets in the alignment of components to compensate for expected shaft movement.  These movements are caused by operating loads and thermal growth as the equipment reaches operating temperature.


� 	Hot alignment is the condition of alignment concurrent with full load, full temperature operation.


� Some mounting surfaces are made by locating the component feet using jackscrews and then pouring an epoxy compound between the foundation surface and the feet.  This technique is usually used on small equipment where adjustments are unnecessary.  Some mounting surfaces are made using plates that more or less match the component foot dimensions and can be jacked into location using permanent fine thread screw fixtures.  This type of mounting is rare on large rotating equipment.
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