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1.0
GENERAL 

1.1 
This specification along with data sheets, other specifications & attachments to inquiry / order describes and constitutes the minimum requirement for reciprocating compressors including their drivers and drive mechanisms, reducing gears if any, lubricating systems, controls, safety systems, instrumentation and other auxiliary systems.          

           The intent of these requirements is to supplement the requirements as given in data sheets, other specifications and other applicable standards / codes referred to in data sheets / specifications.
1.2    
Contractor and vendor shall make all possible efforts to comply strictly with the requirements of this specification and other aforesaid specifications / attachments to inquiry / order.  

In case any deviations are considered essential by the packager, same shall be separately listed ( with cross reference to Page No. / Section / Clause No. / Para etc. of the respective document ) in packager’s offer under section titled as “List of deviations / exceptions to the inquiry document”, duly supported with proper reasons for the deviation for Company’s considerations. No cognizance shall be given to any deviation indicated elsewhere, but not listed in the deviation list.     

All such issues should be conveyed to Company in writing by the perspective Contractor / packager prior / during the pre-bid conference, if any, before submitting the final offer.    


No deviation and exception from this specification shall be permitted without written approval of Company.   

1.3    
Except as specified herein, the compressors shall be designed, manufactured, tested and supplied in accordance with data sheets / specifications / applicable codes / standards ( latest edition ). 
1.4  
In the event of any conflict / contradiction / discrepancy / dispute between this specification, other specifications, codes and standards and other technical documents, Contractor shall refer the matter to Company for clarification. The following order of precedence shall govern.

1.  Scope of Work & Design Basis / Criteria


2.  P&ID / SLD


3.  Data Sheets


4.  Job / Equipment Specifications


5.  Standard Specifications.


6.  Codes & Standards.

In case any issue still remains unresolved, the most stringent requirement shall apply.

1.5  
Contractor / vendor shall seek Company's approval regarding such features which are not specified by Company but job requirements call for purchaser decision on these matters.

1.6  
Compliance with this specification shall not relieve Contractor / vendor of the responsibilities of furnishing equipment and accessories / auxiliaries of proper design, materials and workmanship to meet the specified start up and operating conditions.

           In case Contractor / vendor considers requirement of additional instrumentation, controls, safety devices and any other accessories / auxiliaries essential for safe and satisfactory operation of the equipment, he shall recommend the same along with reasons in a separate section along with his offer and include the same in his scope of supply. 
1.7      All the definitions as indicated in API 618 ( latest edition ) shall apply. 

1.8  
Compressor vendor shall be a regular and established manufacturer of reciprocating compressors.

1.9    Compressor vendor shall have adequate engineering, manufacturing and testing facilities conforming to API 618 and other national / international standards.

1.10   
The compressor model offered shall be from the existing regular manufacturing range of compressor vendor / manufacturer. Vendor's / manufacturer’s catalogue and general reference list shall be furnished along with the offer.

1.11   
DELETED.
1.12 
Since this reference list will be used for establishing proven-ness of proposed model for operating under specified operating conditions, it is in vendor’s own interest to select such reference, where the proposed model is supplied and operating at conditions similar to those specified for item against which the proposed model is offered. In addition, manufacturer’s catalogue and general reference list for the compressor shall also be furnished.

1.13   
Compressor vendor shall assume responsibility for satisfactory hydraulic and mechanical performance of the equipment for the specified service.

1.14  
Compressor and all auxiliaries shall be suitable for the specified area classification.

1.15    Compressor vendor shall not offer any alternative designs.

1.16  
Two sets of special tools and tackles required for operation and maintenance of the compressor units shall be included in vendor’s scope of supply.  
1.17    Nm3/hr(normal cubic meters per hour)is flow rate expressed in volume flow units at an absolute pressure of 1.013 bar(1.033 kg/cm2a), temperature of 00C and relative humidity of 0%
1.18  Shaft speed irregularity is a dimensionless number and is  equal to the difference between the maximum and the minimum instantaneous shaft speeds during cycle divided by the arithmetic mean of these two speeds..  
2.0 
CODES & STANDARDS 
2.1 Codes, Standards and Regulations 


The compressors covered by this specification shall be designed, manufactured and tested in accordance with the requirements of this Project Specifications, Company approved data sheets and the latest editions of applicable National / International codes and standards ( not limited to those listed hereunder ) and Statutory Regulations ( where applicable ).

API- 618     Reciprocating   Compressor  for  General  Refinery  Services.


API RP 520 Sizing   Selection  and   Installation   of    Pressure-Relieving 

( Part-I , II  ) Devices in Refineries ( Sizing and Selection & Installation )

ASME Boiler and Pressure vessel code 

Section VIII, Div. I    
- 
Unfired Pressure Vessels.

Section IX 

           - 
Welding Qualifications. 


AGMA 420.03    
Practice   for    helical   and    herringbone    Gear   Speed

                          
Reducers and Increasers.
TEMA Standards, codes & specifications. 

IS: 210 
Grey Cast Iron Castings. 

IS: 1030
carbon steel casting for general engg. Purpose (to be added 

                      in the codes,standards and regulation)

IS:1865
Iron Castings with Spheroidal or Nodular graphite. 

IS:5456 
Code of practice for testing of Positive displacement type air compressors and exhausters. 

BS:1571 
Specification for testing of Positive displacement                     ( Part - I )      
compressors and exhausters (Methods for acceptance tests) 

ISO:1217 
Displacement Compressors – Acceptance Tests. 

OISD : 113 
Standard on classification of area for electrical installations at hydrocarbon and handling facilities.  

CCOE latest notifications.   
2.2      Project Specifications


The compressor(s) covered by this specification shall be designed, manufactured and tested in accordance with the requirements of the following Project Specifications:

· Design Basis

· Electrical Specifications. 

· Instrumentation Specifications. 

· Piping Specifications. 

· Insulation Specifications. 

· Painting Specifications. 

2.3      Mandatory Indian Statutory Requirements


This document has been prepared to the National / International Standards detailed within.  Contractor shall ensure that the scope of work is executed in accordance with all mandatory Indian statutory requirements.

3.0      SCOPE OF SUPPLY

3.1 General


Contractor shall furnish completely filled in data sheets for each compressor as per API 618 for Company’s review and approval.

Contractor / packager shall supply all necessary equipments specified for the package / unit and auxiliary systems and all other requirements in accordance with this specifications. Any equipment that is necessary to make a complete, operable, safe and dependable package / unit fulfilling its intended purpose and requirement but not specifically identified herein shall also be in Contractor’s scope of supply.


The scope of supply for each compressor package / unit shall include, but not necessarily be limited to the following:
· Reciprocating Gas Compressors packaged units alongwith drivers. 

· Common Base Plate ( drain rim type )
· Engine starting system, if applicable. 
· Knock out drums / Scrubbers / Seperators.                      
· Suitable gas strainer(s). 

· Intercooler and after coolers ( air / water cooled ). 

· Additional cooler(s) downstream of air / water cooled heat exchangers for cooling of the compressed gas, if required. 

· Pulsation suppression system.

· Local control panel for compressor.

· Seals and Seal systems

· Cooling Systems ( if required )

· Couplings complete with suitable non-sparking guard.

· Power transmission gear unit ( if required ).

· All necessary interconnecting pipework, fittings and valves, including drain connections, terminating at the edge of the baseplate / skid.

· All necessary electricals, controls and instrumentation, and safety provisions (as applicable).

· Any additional piping, instrumentation or accessories necessitated by this specification or as shown within the package limits on P&ID drawings.

· All necessary items not listed here, but required for a complete, unattended and operational unit. 

· All necessary spare parts for start-up and commissioning.
· A list of spare parts recommended for one year and for two years of  operation

· Two (2) sets of any tools required for maintenance of the packaged unit

· Inspection and testing as called for in this specification and its attachments

· All documentation as specified in this specification and as listed in the Company’s procurement documentation

· Preparation for Shipment

All the above components shall be mounted on a common structural skid fully assembled, piped with inlet and outlet piping terminated at the skid edge with appropriately rated flanges, wired, tested and painted for corrosive environment. 

Contractor shall be responsible for the complete design, engineering, coordination, testing, delivery and proper functioning of the equipment, not withstanding any omissions from this specification.
4.0
ENVIRONMENTAL DESIGN CRITERIA 

4.1 Climatic Conditions


The climatic and other conditions under which the equipment will operate are detailed in the process package (design criteria) of the bidding document. Conditions specific to the Equipment Package shall be detailed on individual equipment data sheets.


Contractor is responsible for ensuring that all equipment and components provided are suitable for the utility and environmental conditions as specified during the entire design life.
4.2 Area Classification


Electrical and Instrumentation will be rated for the applicable Hazardous Area classification according to OISD standard 113 and latest CCOE notifications. 
5.0 BASIC DESIGN

5.1      General


Contractor’s standard design shall be capable of meeting the performance requirements when operating in the environment as mentioned the process package or elsewhere for a period of total design life of the installation of 20 years with minimum uninterrupted service period of 3 years.  Contractor / vendor shall identify any aspects of the standard components of packages that don’t meet this specification and submit descriptions to Company during the pre-bid conference.  
Except where amended by the data sheets or this specification or unless otherwise approved by Company, the design of the compressors shall be in accordance with the requirements of the current edition of Standard API – 618 ‘Reciprocating Compressor for General Refinery Services’.

5.2     Units used on all documentation, drawings and name plates shall be metric SI units, except for pressure units that shall be kg/cm2.
5.3
The equipment ( including auxiliaries, piping and other appurtenances ) covered by this standard shall be designed and constructed for a minimum service life of the total design life of the installation ( excluding normal wear parts ) and atleast 3 years of  uninterrupted operation at full / part load at the specified operating conditions and shall be accessible for rapid and easy maintenance. 


It is recognized that this requirement is design criteria. Compressor, driver and associated equipments shall be designed to minimize the generation of noise and vibration. The maximum permissible noise / sound level shall not exceed 88 dBA measured at 1 m from equipment surface for the recommended range of operation.
5.4
Safety

           It is the intent of Company that operational hazards be reduced to a minimum.  Contractor / vendor shall use sound engineering judgment to complete an installation that will perform the required process function without compromising this aim.


All electrical devices shall meet the requirements for the area classification as per OISD standard 113 and latest CCOE notifications.

All controls shall operate in a fail safe mode.


All couplings, gears and exposed rotating parts shall be provided with adequate guards of non sparking type.  Drive belts, if used shall be antistatic type.


All emergency shut down system shall have manual operating mode.

5.5
Process

Refer Process Design Criteria given elsewhere in the bidding document.

5.6       Mechanical
i) Compressor
a)  General
The compressor shall be designed, manufactured and tested in accordance with API – 618 and in industry practice.

The compressor shall meet the requirements mentioned in the specification & vendor has to prepare and fill up data sheet as per API – 618 and submit the same during detailed engineering as part of purchase specification.

Unless otherwise specified, the compressor shall be electric motor driven.

b)
Compressors and drivers ( including V-belt drive, gear units and coupling, if any ) shall be designed to perform satisfactorily under the specified startup conditions, part load / full load operation, maximum differential pressure operation and cylinder relief valve setting pressure and upto trip speed. Unless otherwise specified compressor vendor shall also assume full responsibility to undertake : 

i) Torsional analysis of the complete compressor train including the driver and gear unit. 

ii) Selection, sizing and rating of the  power transmission components as also the base plates, sole plates and slide rails. 

iii) Checking the conformity of the motors coupling flange with compressor coupling flange and supplying to motor manufacturer, in due course of time, the drilling jig for the motor coupling flange, in case of rigid coupling drive. 

iv) Stress analysis of the piping and appurtenances from the intake filter / suction strainer upto the outlet flange of the final compression stage pulsation suppression devices / separators / after-coolers / receivers as the case may be. 
v) Furnishing equipment layout and also furnishing the design,  type and location of the supports for the piping and appurtenances  as defined above under (iv). 

vi) Compressor Pulsation and Vibration Control as per relevant clause of  latest edition API- 618.  
vii)  Coordination of the work and resolution of any technical problems with the driver vendor / manufacturer whether or not the driver forms part of the scope of supply. 

viii)  Deleted
c)
Allowable speeds 
i)
Unless otherwise specified, the average linear piston speed for lubricated cylinders and non lubricated cylinders shall not exceed 4 m / sec and 3.5 m / sec respectively. For ‘ Bone Dry ’ nitrogen service, the piston speed shall be limited to 2.5 m / sec. In addition to the above for compressor handling gas containing H2S in any concentration together with H2O in any form,the speed of compressor shall also be limited to a maximum of 500rpm.  

ii)
For a variable speed drive, vendor shall state in his offer, the minimum speed at which the unit may be operated continuously with the proposed lubrication system.   

d)
Allowable discharge temperatures  

           
"Allowable discharge temperatures" to be followed as per clause 6.5 of API 618 (fifth edition,2007) and in addion to the above,for high pressure air compressors (meant for air injection services for oilfields),requiring lubricated or mini lubricated cylinders,to prevent auto ignition,predicted maximum actual discharge temperature limit shall be much lower than 1500C(say around 1300C) and the same shall be subject to purchaser's approval.The vendor shall ensure that the recommended cylinder lubricated oil is suitable from the point of view of auto -ignition that can occur with applications handling air at high pressures such as above.Synthetic oil can be offered only with specific approval of the purchaser.
e)
Rod Loading  

             
Rod loading to be followed as per 6.6 of API 618 (fifth edition,2007) & addition to 6.6.1  is :- Also the actual rod loading due to inertial forces of reciprocating masses alone, shall not exceed the maximum allowable continuous rod load..  

f)
Critical speeds  

i)
The torsional natural frequencies of the system shall neither be within 10% of any shaft speed nor within 5% of twice of any shaft speed in the rotating system ( including any coupling of gear  reducer ). For Gear reducer and / or a diesel engine / gas engine driver compressor, vendor shall carry out torsional analysis of the complete compressor train and ensure that stresses anywhere in the rotor system ( including compressor, gear reducer, coupling and drive etc. ) do not exceed permissible values. 

ii)
The compressor shaft speed irregularity shall not exceed the values specified below under any required operating conditions including        part -load operation : 


V-Belt Drive 



 
: 
1/80


Drive through gear unit 


:          1/100

     
Direct drive by electric motor 

: 
1/100



For compressors direct driven by reciprocating engine, the shaft speed irregularity of the complete compressor-driver train shall be agreed between vendor and engine manufacturer. The inertia of the motor rotor shall not be considered for computing the shaft speed irregularity, except in case where torsionally rigid coupling are used.  

g)
Compressor Cylinders  

i)  
The maximum allowable working pressure shall exceed the rated discharge pressure by at least 10% or by 1.7 bar whichever is greater.  .  

ii) 
Cylinders shall be spaced and arranged to permit access for operating and removal for maintenance of all components.(including water jacket access covers, distance piece covers, packing, crossheads, pistons, valves, unloaders, or other controls mounted on the cylinder) without removing the cylinder, the process piping, or pulsation suppressors.. 
iii) 
Single acting, step piston or tandem cylinders arrangements may be furnished with Company’s approval. For such cylinder arrangements adequate design considerations must be given to achieve rod reversals. 


In case of tandem cylinder arrangements, compressor vendor shall furnish alongwith the offer, a line schematic of the cylinder assemblies indicating location of cylinder packings, piston / piston rod diameters and operating pressures.  
iv)
Cylinders shall be provided with replaceable liners. Where liners cannot be provided, the cylinders shall have a reboring allowance of 3 mm on diameter, without encroaching upon either the maximum allowable working pressure or the maximum allowable rod loads.  

v)
The cylinders jackets shall be cooled by forced water circulation. 

vi)
The compressor cooling water circuit shall be designed / arranged to ensure that condensation does not occur in the cylinders. 
vii)
The cooling system shall be so designed that the pressure drop across the compressor unit with auxiliaries does not exceed 1.0 kg / cm2. The water jackets of cylinders shall be designed for a working pressure not less than 8.0 kg / cm2, and so sized that the coolant temperature rise across the cylinder does not exceed 50 C.  
viii)
Cylinder supports shall be designed to avoid misalignment or excessive rod runout during warm-up period and at actual operating temperature. Rod runout at actual operating temperature shall not exceed 0.00015 mm per mm of stroke. The supports shall not be attached to the outboard cylinder head. 

ix) Plugs for core holes and/or repairs shall not be used on the gas pressure side containing wall sections of cylinder heads or cylinders including the bore under the line (In addition to clause no.6.8.3.5.1 of API-618 (2007)
h)  
Cylinder Valves 
i) 
The design of the suction / discharge valves shall be such that valve assemblies cannot be inadvertently reversed nor a suction valve assembly be fitted into a discharge port.  
ii) 
Valves shall be fitted in the cylinder either with a lapped joint or through a solid metal gasket. Non-metallic or filled gasket shall not be used. 
iii)
The valve / valve port design shall be such that no part of the valve assembly or mounting can fall into the cylinder even if the valve bolting unfastens / breaks. 

iv)
Valve plates / rings shall be lapped on both faces and shall be suitable for installation with either face sealing. 

v) 
The valve hold downs shall bear at not less than 3 points on the valve cage. Bearing points shall be arranged as symmetrically as possible. 

vi)
Wherever non-lubricated service is specified, all valve components including valve seats, valve holders, valve springs, valve plates, cushion plates, spacers etc, shall be of stainless steel construction.  
i) 
Piston, Piston Rods and Piston Rings 
i)
When pistons are removable from the rod, they shall be attached to the rod by a shoulder and lock nut design. The nuts on the ends shall be positively locked in place. The rod shall be positively locked to the cross-head to prevent rotation. Pre-stressing shall be done to ensure that nuts remain stressed under all service conditions. 

ii)  
Wear-bands when provided shall be of single piece with or without end gap construction. Wear-bands with end gaps shall be designed to prevent pressurization. Wear-bands shall not overrun valve port or liner counter bore by more than half the wear-band width. The bearing load of fluorocarbon wear-bands shall not exceed 5 psi based on the weight of the entire piston assembly plus one half the weight of the rod divided by the area of a 120 arc of the wear-bands. In case of end-less wear bands vendor shall provided the necessary tools, and the wear band installation mandrels etc. 

iii)  The rod surface finish in the packing area shall be 16 micro inches ( rms ) or better. 

iv) 
Mechanical packing shall be used for cylinder sealing. Surface hardness of piston rod to be followed as per API-618 (fifth edition-2007) 6.10.4.
v)  
Glands shall be bolted to the cylinder head or to cylinder with no less than four bolts.   

j) 
Crank shafts & Bearings   
To follow as per relevant paragraphs of API-618 (fifth edition-2007)  
k)   Distance Piece   

i)Only "D" type shall be acceptable      
III) In addition to 6.12.2.1- API-618 (fifth edition-2007)  ) For flammable & toxic services distance pieces (or compartments) shall be equipped with gasketed solid metal covers.
 l) 
Compressor frame lubrication 
To follow as per relevant paragraphs of API-618 (fifth edition-2007)  

m) 
Cylinder and packing lubrication  

To follow as per relevant paragraphs of API-618 (fifth edition-2007)  

n) 
Material
To follow as per relevant paragraphs of API-618 (fifth edition-2007)  

o)  
Name plates & Rotating arrows 
To follow as per relevant paragraphs of API-618 (fifth edition-2007)  

p) Weather Protection & Climatization
Compressor units and auxiliaries shall be climatized for the particular site conditions specified in the data sheets, and suitable for outdoor installation without a roof. 

ii)  
ACCESSORIES 

a) 
Drivers 
 
Electric motor drivers shall have rating as a minimum 110% of the maximum brake power ( including transmission losses ) required under any of the specified compressor operating conditions or 5% higher than the power required at the relief valve set pressure condition   ( including transmission losses ) whichever is higher. 
b) Couplings and Guards 
i)
Compressor couplings shall be supplied by vendor. 
ii) 
Couplings shall be suitable for continuously transmitting the maximum torque and the maximum torque fluctuations without distress or undue wear. They shall be suitable for emergency shutdown of the unit under full load.  

iii)
Coupling shall be adequate for expansion and other end-movements of shafts without overstressing themselves or any other thrust absorbing components in the system. 
iv)
Rigid couplings shall not be used when either the driver or the driven equipment uses anti-friction bearings. 
v)  Normal or non-sparking guards as specified in the data sheets and extending to within 15 mm of stationery housing shall be provided on all otherwise exposed moving parts. 

Opening shall be provided on all fly-wheel guards for barring over the machine and for access to any other part that may require attention. 

vi) Guards shall be easily removable and shall be sufficiently rigid to withstand deflection and to prevent rubbing as a result of bodily contact of 100 kgs. 
vii)
Guards shall be weather-proof and ventilated. 

c) 
Reduction Gears
 
Gear units for the compressors having rated BKW upto 750KW shall comply with API standard 677 and for rated BKW above 750KW,gear units shall comply with API standard 613. 
d)  
Belt Drives
i)  
V-belt drive shall not be used for driver rating of 150 kW and above. 

ii)  
The drive service factor shall not be less than 1.75 based on the driver nameplate rating. 

iii) 
Belt materials shall be oil resistant. When service is specified in a hazardous area, belts of static-conducting shall be provided. 

iv) Vendor shall supply both the driver and the driven end pulley of the system and the required number of V-belts. One additional set of V-belts shall be provided free of cost. The suitability of mounting the pulley on the driver shaft shall be ascertained by vendor in consultation with the driver manufacturer. 

v)  
V-belt systems shall be equipped with a positive belt tensioning device.
e) 
Mounting Plates
 
Sole plates and rails when required shall be provided by vendor irrespective of whether or not the driver falls within his scope of supply. 

5.7 
Electrical 

 
For electrical equipments and works, please refer to electrical design criteria and Project Specifications of Electrical.
5.8
Instrumentation

The selection and installation of instrumentation works shall meet the minimum requirements as defined in the instruments design criteria and Project Specifications of Instrumentations given elsewhere in the bidding document.


The controls / indications which are required to be connected to central control room shall be terminated in a junction box (with terminal strip) located at the edge of this skid.
Controls and Instrumentation
i)  
General 

1. 
The control system may be of the pneumatic, electrical or electronic type and shall be manual, automatic or a combination of both as specified in the data sheets. 
2. 
Controls and control panels shall be completely piped and terminated in bulkhead fittings and terminal blocks. 

3. 
All instruments including relief valves and control panel shall be from Company’s suggested vendor. 
4. 
Pressure indications and pressure switches shall each be provided with isolating and drain valves. 

ii)
Capacity Control 

1.
Capacity control for constant speed units may be effected by suction valve unlading, clearance pockets or a combination of both. 

2. 
Step capacity control shall be provided as specified in the data sheets. A visual indication on the panel shall be provided to indicate the step of the capacity at which the compressor is operating. 

3. 
The control air circuit shall be provided with a suitable filter to remove moisture and other foreign particles. The filter shall be equipped with a drain valve.

4.
Automatic capacity control shall be achieved through pressure switches / pneumatic controllers ( pilot devices ) and solenoid valves / pneumatic relays ( intermediate devices ). Where automatic control system is specified, provision shall also be made for manual operation. 

iii) 
Instruments& Instruments Panel

Instruments shall be mounted either on local gauge board or locally on the compressor unit or on a separate local panel placed near the compressor as specified hereunder: 


Unless otherwise specified in the data sheets, followings are the minimum instruments required. If in the opinion of vendor, additional instruments, controls and safety devices are required, vendor shall include the same in his scope of supply. 

1. 
Indicating Instruments :      
	
Item / Purpose
	Locally Mounted
	LGB Mounted
	Local Panel Mounted

	Pressure Gauge 
	
	
	

	Frame lube oil header 
	--
	Yes
	--

	Differential Pressure across lube oil filter 
	--
	Yes
	--

	Ist Stage Suction
	--
	--
	Yes

	Each stage discharge
	--
	--
	Yes

	Receiver 
	Yes
	--
	--

	Differential pressure across inlet  air filter

( graduated in mm of H2O column )
	Yes
	--
	--

	Temperature indicators 
	
	
	

	Frame Sump oil 
	Yes
	--
	--

	Water outlet-each cylinder 
	Yes
	--
	--

	Discharge-each cylinder 
	--
	Yes
	--

	Discharge-after cooler 
	--
	Yes
	Yes

	Discharge-inter cooler 
	--
	Yes
	--

	Sight Flow Glasses 
	
	
	

	Water outlet-each cylinder 
	Yes
	--
	--

	Water outlet-each cooler 
	Yes
	--
	--

	Level Gauges ( with Isolating Valves ) 
	
	
	

	Moisture Separators 
	Yes
	--
	--


2.
Alarms & Shutdowns : 

Alarms and / or shut downs shall be provided for the following events: 

	Event
	Local Panel

	Low-Low Frame oil header pressure
	Pre-alarm & shutdown

	Low cooling water flow (return line)
	Alarm

	High-High discharge temperature, each cylinder 
	Pre-alarm & shutdown

	Inhibit operation below minimum recommended speed 
	Shutdown


3. 
Where a motor driven auxiliary oil pump is specified for the frame oil system, a suitable interlock shall be provided to ensure that the main motor shall not start until after the auxiliary oil pump has built up the requisite oil pressure. 

The auxiliary oil pump shall automatically start in the case of failure of main oil pump at the same time actuating alarm. Visual indication at panel shall be provided to indicate whether the main or the auxiliary pump is operating. When both alarm & shutdown is specified for the same function,the alarm switch actuation shall precede the shutdown switch actuation,and the shutdown shall be with simultaneous alarms
iv)
Tachometer
A tachometer shall be provided on engine driven units and on units equipped with variable speed drives. The range of the tachometer shall be from lowest speed control point to 115% of the trip speed. 

v)
Relief Valves 

1. 
Relief valves for all operating equipments shall meet the limiting requirements specified in API-RP-520 Part-I and II. 
2. 
Relief valves shall be set not higher than max. allowable pressure. However the setting shall be 110 % of the rated discharge pressure or 1.0 kg / cm2 above the rated discharge pressure, whichever is higher.

3. 
Relief valves in the air circuit shall be provided  

(i) 
At the discharge of each stage : 

In case various cylinders of the same stage do not discharge into the same manifold, one relief valve shall be fitted at the discharge of each cylinder. 
(ii) 
On the receiver : 

In case more than one compressor is connected to a receiver, the relief valve on the receiver shall be sized so as to discharge the combined flow from all the compressors at the relief valve setting pressure. 

vi)
Starting Unloading 
1. 
Where automatic capacity control is achieved by unloading suction valves through pressure switches and solenoid valves, the automatic unloading at the time of start shall also be achieved. On power supply cutoff or failure, the compressor shall be unloaded automatically. 

2.
The driver starting system shall be interlocked with the control circuit to protect against loaded start. 

5.9
Piping

The selection, fabrication and installation of piping works shall meet the minimum requirements defined in the attached piping specifications.

a)
Piping & Appurtenances 

i)
General

1. 
All auxiliary piping with its mounted appurtenances located within the confines of the main unit base area and the confines of any assembly ( console ) base or any packaged accessory shall be furnished by  vendor. Piping contained within the base area but forming part of an external circuit requiring external connections shall terminate in flanged connections at the edge of the base area. 

2.
Unless otherwise specified on the data sheets, all interconnecting piping between the main unit and the auxiliaries, instruments and instrument panels shall also be furnished by vendor. 

3. 
Piping furnished by vendor shall be prefabricated and designed to provide proper flexibility and normal accessibility for operation, maintenance and cleaning. Small piping shall be fastened to eliminate vibration and damage. 

4. 
Regardless of the scope of supply, compressor vendor shall be responsible for assessing the design and layout of the piping and appurtenances, from the intake to outlet flange of the receiver, for excessive pulsation and harmful vibration. Based on the findings, vendor shall be responsible for advising Contractor / Company of any modifications necessary to ensure trouble- free operation. 

ii) Piping and Connection
1. The materials and construction of piping and its connections to the equipment shall conform to ANSI/API614/ASME B31.3 Standards and shall be compatible with the site conditions specified in the inquiry / order. Cylinder suction and discharge connections shall be flanged.

2. Piping shall be of minimum 25 mm ( 1 inch ) size except for lubrication, instrumentation and control line. Instrument and control line piping shall be of minimum 15 mm ( 1/2 inch ) size. Pipe sizes of 32 mm ( 1 ¼  inch ), 65 mm ( 2 ½ inch ), 90 mm ( 3 ½ inch ), 125 mm ( 5 inch ), 175 mm ( 7 inch ) and 225 mm ( 9 inch ) shall not be used. When the required openings cannot be realized, vendor shall furnish adapters to meet the requirements. 

3. Cast iron or malleable iron pipe fittings shall not be used. 

4. Carbon steel piping shall be seamless in accordance with ASTM A 106 or A 192 or equivalent. Sizes 25 mm ( 1 inch ) or smaller shall be schedule 80 minimum and may be flanged, welded, or screwed. Sizes 40 mm ( 1 ½ inch ) and larger shall be Schedule 40 minimum and shall have welded or flanged connections. Where space does not permit the use of pipes, seamless steel tubing may be furnished with steel fittings. The minimum wall thickness of tubing shall be 2.77 mm ( 0.109 inch ) for tubing with 25 mm ( 1 inch ) OD, 2.41 mm ( 0.095 inch ) for tubing with a 20 mm ( 3/4 inch ) OD and 1.65 mm ( 0.065 inch ) for tubing with less than 20 mm ( 3/4 inch ) OD. 

5. For non-lubricated compressors, all piping and appurtenances from suction filter / strainer upto the final-stage cylinders, shall be hot-dip galvanized. 

6. Cooling water piping shall be furnished by vendor and arranged in a manner that Company has to make single inlet / outlet connections. Vendor shall provide Isolation valves at common inlet & common outlet points. 

7. The coolant outlet line from each cooler and each cylinder ( or each cylinder outlet point in case of cylinders with more than one outlet ) shall be fitted with a sight flow indicator followed by a regulating globe vale. Series circuits shall have the necessary valves by-passes to permit temperature control. 

8. Coolant piping shall be so arranged that there is no possibility of air getting trapped. Where air traps cannot be avoided, suitable vents shall be provided. Low points shall have drains. All cylinders shall have coolant drain plugs. 

9. All independent water circuits which can be isolated shall have a thermal relief valves to prevent pressurization of pipes due to temperature changes. 

10. Oil piping wherever threaded shall be seal welded without thread lubricants compound. Piping material down stream of oil filter shall be of S.S. ( except oil galleries in C.I. frames ). Other C.S. piping in lube oil system shall be pickled and passivated. 

5.10
Inter and after coolers

a) 
Each compressor unit shall be complete with air cooled, finned tube type intercoolers and aftercooler ( including fan and fan guard ), designed for 10 degrees centigrade approach to maximum ambient temperature or as specified in the data sheet. If located in hazardous area, the fan shall have provision to suppress sparking consistent with AMCA category B. The finned tube exchangers for all the streams shall be mounted in one compact cooler assembly with cooler fans. Cooler design shall be on the basis of 20% extra design margin on thermal duty, and maximum ambient air temp shall be taken for cooler design. 

Additional air cooler(s) downstream of air coolers / air cooled heat exchangers for cooling of the compressed gas shall be provided. Additional air cooler(s) with fan(s), temperature switch, necessary electrical, instrumentation, piping etc, as a minimum shall be in the scope of the compressor package vender / Contractor.


Alternatively water cooled intercooler / after coolers may also be considered, if found essential to comply with discharge temperature limit specified elsewhere.
b) 
In case it is essential to provide water cooled intercooler / after coolers:

i)  They shall be shell and tube type with water through tube & shall be fabricated and designed in accordance with TEMA-C Specification. 

ii) 
Both, the shell and the tube sides of a cooler shall be designed for the same pressure which shall be no less than the maximum allowable air / gas-side-pressure or the water-side-pressure, whichever is greater.

iii)  Unless otherwise specified intercoolers and after-coolers shall be of the removable bundle type, located and arranged to permit removal of the bundles without dismantling the piping or the compressor components.

iv)
Unless otherwise specified the inter and after coolers shall be designed with following considerations. 

1.
The fouling resistance of 0.0004 hr m2 0C / kcal shall be considered for water side. 

2.
Tubes shall not be smaller than 16 mm ( 5/8 inch ) outside diameter ( OD ). The minimum allowable tube wall thickness is 18 SWG in case of copper / copper alloys tube and 16 SWG in case of carbon steel tube. Coolant velocity in tubes shall be at least 1.5 m / sec.    
v) For non lubricated compressors all carbon steel surfaces in the air / gas path of the inter stage coolers shall be hot dip galvanized. 

5.11
Pulsations and vibration control requirements
a)
Unless otherwise specified volume bottles shall be provided at the inlet and the outlet of each cylinder to limit the residual peak to peak pulsations to 6% at the line side nozzle of the volume bottle. These volume bottles shall be designed and fabricated in accordance with ASME Sec. VIII Div.-I. The use of volume bottles as cylinder supports shall not be permitted. 

b)
 Pulsation and Vibration Control study shall be conducted as per the relevant paragraphs of API Standard 618 ( latest edition ).
            5.11.1  -Pulsation suppression devices
            a)  In addition to API 618 (2007) clause 7.9.5.1.6 & 7.9.5.1.7- The 

reservoir section shall be sized for minimum ten hours retention time 
OR  mutually agreed retention time with purchaser.

            b) A vent connection with blind flange of minimum 1" size shall be provided for each pulsation suppressor. 

c) Pulsation suppression connections other than those covered in (API-618 -7.9.5.1.14) shall be flanged, unless threaded connections are specified. For H2 services, no threaded connection shall be used on Pulsation suppression devices.                                                   

d) Unless specified otherwise, provision shall be made for attaching insulations for all cryogenic service applications viz. refrigeration compressor etc., and also for personnel protection where operating temperature exceed 600C  

e) With regard to supports for Pulsation suppression devices, in addition to clause 7.9.6 of API-618, adequate supports for the pulsation suppression devices and piping shall be furnished by the compressor vendor. Consideration shall also be given to thermal expansion of the components while designing the supports.
5.12
Air / Gas Intake filters / strainers 

a) Compressor should be provided with a combination of air filter / silencer and a weatherhood as per manufacturer’s standards or strainer for air / gas service. It shall be suitable for outdoor installation. 

b) For non-lubricated air compressors, the filter housing and panel casing shall be hot-dip galvanized to prevent rust formation.  

5.13
Flywheel     

Flywheel shall be statically balanced within such limits so as not to compromise with the life of the compressor main bearings. Nor must be residual imbalance result in vibratory stresses and deflections of magnitudes that compromise the operation of the machine. It shall be dynamically balanced if compressor running speed is equal or higher than 800 rpm. Flywheel shall be suitably sized to meet the requirement of paragraph 5.6 i) f) ii) above.
5.14
Special Tools
a)  Special tools, tackles and gauges required operation and maintenance of each compressor unit along with complete instruction for their use shall be included in vendor’s scope of supply.  

b) The compressor shall be provided with a suitable and safe barring device for maintenance. However compressor with driver rating of 750 kW or above shall be provided with Electrical motor operated barring over mechanism. 

5.15    Protective Coating

All carbon steel surfaces, fittings, supports and structural steel skid shall be coated in accordance with protective coating and painting specifications.

5.16
Materials
Material of construction shall be as per data sheet.  Contractor and vendor shall however assume responsibility for suitability of selected material for specified service.  If necessary, vendor should furnish superior materials than specified.


Contractor shall provide material certificates giving chemical composition and mechanical data for pressure-containing parts and all main components of the compressor.

5.17 
Inspection, Testing & Certification 

In addition to the requirements of inspection mentioned in the mechanical scope of work, followings are also required.


a) During detail engineering vendor shall furnish detailed shop inspection and test procedures for all standard and specified inspection and testing requirements for purchaser's review, but not later than twelve weeks prior to  test. The test shall also include complete description of the test set up,instrumentation ,test procedure, test conditions, an outline of proposed report,report forms,acceptance criteria,method of calculation(applicable for performance test),sample calculations etc.

b)
Vendor shall furnish material test certificates showing the chemical composition and the mechanical properties of the materials of construction. Vendor shall also carry out and furnish the results of any other material tests specified in the applicable codes and standards.
 
c)
Material test certificates shall be furnished to the third party inspection agency (at Contractor’s cost) and / or by Company’s authorized representative for his review and approval prior to his witnessing any specified non-destructive testing 

 
d)
The hydrostatic test certificates for the heat exchanger / intercooler and other pressure vessels shall be furnished for review at the time of performance testing of the compressor unit / package. 

e) 
The  compressor  control  panel after assembly and wiring shall be functionally tested at  sub-vendor’s works in the presence of third party inspection agency ( at Contractor’s cost ) and / or of Company’s authorized inspector.
 
f)
Performance testing of complete compressor unit / package shall be in vendor’s scope.

f)
Component Inspection

1.
All pressure containing castings ( such as cylinders, liners, cylinder heads, headers etc. ) shall be tested by vendor in accordance with the following table. The requirements of vendor’s certificates and of witnessing by the third party inspection agency / Company’s authorized representative shall be as stated in this table. However, third party inspection agency / Company’s authorized representative shall have the option to witness any / all the tests at his discretion. 
	Sr. No.
	Test
	Certificate required           from vendor
	Test to be Witnessed by third party inspection agency / Company’s representative


i)         Chemical Analysis                      Yes                                    No

ii)         Physical test  for  tensile            Yes                                    No
            strength, elongation and 
            hardness. 
iii)        Visual Inspection                        Yes                                  Yes
iv)         Hydrostatic test                         Yes                                  Yes                                  
2.
Critical components (such as fabricated steel pistons, crank-shafts, crossheads, connecting rods, piston rods, big-end bolts, main-bearing studs etc ) shall be tested by vendor in accordance with the following table. The requirements of vendor certificates and of witnessing by the third party inspection agency / Company’s authorized representative shall be as stated in this table. However, third party inspection agency / Company’s authorized representative shall have the option to witness any / all the tests at his discretion. 
	Sr. No
	Test
	Certificate required from vendor
	Test to be Witnessed by third party inspection agency / Company’s representative

	i)      Chemical Analysis                         Yes                                     No
ii)     Physical test for tensile                  Yes                                     No
        strength, elongation and 

        hardness.

iii)    Microstructure report                      Yes                                     No   
        ( for Nodular / Spheroidal 

        cast  iron only. Certificate 

        shall be accompanied by

        photography ).
iv)    Visual Inspection                           No                                      Yes
v)     Ultrasonic testing of crank             Yes                                    Yes
        shaft, piston rods, big end 

        bolts, connecting rods

vi)    Magnaflux testing / Magnetic         Yes                                    Yes
        particle test of crank shaft, 

        connecting rod / piston rod.

                   --OR--
        Dye-penetration  testing for           Yes                                    Yes
        crank shaft, connecting rod, 

        piston rods. 


g)
Testing For Assembled Equipment
           The assembled equipment shall be subjected to tests in vendors shop in accordance with the following table. The requirements of vendors certificates and of witnessing by the third party inspection agency / Company’s authorized representative shall be as stated in this table. However, third party inspection agency / Company’s authorized representative shall have the option to witness any / all the tests at his discretion. 

	Sr. No
	Test
	Certificate required from vendor
	Test to be Witnessed by third party inspection agency / Company’s representative


i)         Mechanical                                       Yes                                    Yes
ii)         Performance Test                            Yes                                    Yes

iii)        Test for instruments,                        Yes                                    Yes
            controls and safety 

            devices.

iv)       Post Test Inspection                         Yes                                    Yes
v)        Testing of pressure vessels             Yes                                     Yes
           and heat exchangers

h)
Hydrostatic and Leakage Tests


1.
Hydrostatic Tests for all pressure containing parts, shall be carried out at pressure of 1.5 times the maximum allowable working pressure. The test shall be maintained for a period of time sufficient to permit a thorough examination of the parts, with a minimum period of 30 minutes. 

2.
The frame and the distance piece shall be tested for leaks using kerosene or equivalent for a minimum period of 24 hours.

i)
Mechanical Running Test
1. Mechanical running tests shall be conducted for a minimum period of 4 hours.The mechanical running test shall be started only after all the parameters to be measured got stabilised. Shop test readings shall be recorded at every interval of 30 minutes for a period of at least 4 hours.

2. The following requirements shall be met before the mechanical running test is performed.

(i) The contract valves, rod packing, piston rings / bands, and bearings shall be used in the machine.
(ii) All oil pressures, viscosities, and temperatures shall be within the operating range of values recommended by manufacturer for the specific unit being tested.

(iii)
 All casing and oil system joints and connections shall be checked for  tightness, and any leaks shall be corrected prior to test.

3.
During the running test, the mechanical operation of all equipments being tested and instrumentation used for testing shall be satisfactory.

4. 
Control systems shall be demonstrated with to the extent practicable.

5.
If replacement or modification of bearings, valves, or packing or dismantling of the machine to replace or modify other parts is required to correct mechanical or performance deficiencies, the initial test will not be acceptable, and the final  shop tests shall be run after these replacements or corrections are made.
6. 
After the mechanical running test, the compressor shall be dismantled /checked for the following : 

a)  main bearing -drive end side(not applicable for non-split type journal    

           bearing) 

b)  connecting rod big-end bearings(at least one number).

c)  Piston assembly including piston,piston rings,piston rod & 
           packings(at least one number).

d)  cylinder bore effective surface-all cylinders.
7.  All auxiliary equipment not integral with the unit,such as auxiliary lube oil consoles, cooling fluid cosoles,lube oil pumps etc.shall be subjected to 4 hours running tests at their respective sub-vendor's works.

8.  Machine mounted equipment such as valves,unloaders,lubricators etc. and pulsation suppression devices (where these are common to more than one cylinder),shall be fitted and assembled in the vendor's shop. The vendor shall demonstrate proper fitting and ensure that equipment is free from harmful strains.

j) 
Performance Test

1. The compressor shall be subject to a performance test in accordance           with ISO 1217 or the applicable ASME power test code at site.               

           2. Tolerances of API 618 would apply to compressor performance and

               acceptance.                                                                                          

3.  The test would be conducted for max. 72 hours duration and process 

parameters pre-decided between client and vendor would be recorded    

in a standard format .The process parameters & process of recording  

would be decided and agreed mutually during engineering.                               

4.  Vendor to make all provisions for measurements & calibration.
6.0      WARRANTY

Vendor shall have final and total responsibility for the design and mechanical performance of all equipment supplied under this specification.  Vendor shall warrant the equipment furnished by him and the performance of the said equipment in accordance with this specification and with warranty requirements given elsewhere in bid package.

7.0
SPARE PARTS AND TOOLS:

7.1      Spare 

Vendor shall provide spare parts needed for start-up and commissioning. Vendor shall furnish a separate itemized priced list of recommended spares for one as well as two (2) years’ normal operation and maintenance. Lists shall include part number, part description, serial number and normal delivery lead time.  Contractor shall ensure listed parts are available for shipment at the time of equipment shipment.

           Recommended spares should take into account related factors of equipment reliability, effect of equipment downtime upon production or safety, cost of parts and availability of equipment service facilities.


All spare parts furnished by Vendor should be wrapped and packaged so that they will be preserved in original as new condition under the normal conditions of storage to be anticipated in India. Spare parts shall be properly tagged and coded so that later identification as to intended equipment usage will be facilitated.  They shall be packaged separately, clearly marked as “spare parts” and shipped at the same time as the equipment.  Packing lists shall be furnished so that the parts can be handled without uncrating, if required.  Start-up spares shall be packed and identified separately.          

7.2
Tools

Vendor shall provide two sets of special tools or fixtures as required, for, operation & maintenance and disassembly of the furnished equipment.


All such tools shall be permanently tagged with information pertaining to their use.  Any special drawings or instructions pertaining to the use of such tools shall be included in the instruction manual.  
8.0      PREPARATION FOR SHIPMENT

8.1  
Immediately upon completion of all inspections and tests, all exposed machined surfaces shall be cleaned and coated with suitable rust preventive by vendor and the un-machined surfaces shall be painted by at least two coats of zinc rich red oxide primer. 

8.2     Compressor along with its auxiliaries / accessories shall be transported in assembled condition as far as possible.       
8.3    Cylinder heads, packing boxes, gland packings, piston rods, cross heads, cross head shoes, cross head pins and bushing connecting rods big end bolts ( all or any of which are dismantled for the purpose of separate shipment ) shall be slushed with a heavy rust preventive, wrapped in water proof sheeting and boxed in a substantial crating to prevent damage during transit, shipment or in storage for 12 months at job site. If any extra precaution is to be taken by Contractor / Company for storage beyond 12 months the same shall be explicitly indicated in the operation and maintenance manuals.

8.4    
All untapped openings shall be provided with 4 mm thick metal closures with full rubber gaskets and bolted with not less than 4 bolts. All connections including those for instruments, instrument leads, lubricating oil and the like shall be identified with securely attached tag indicating the type of connection, the instrument or the line description, as applicable.

8.5     The equipment shall be suitably packed, fastened to avoid damage during transit and crated for shipment as specified in the data sheets for storage at job site for atleast 12 months. If any extra precaution is to be taken by Contractor / Company for storage beyond 12 months the same shall be explicitly indicated in the operation and maintenance manuals. Lifting, loadcut / unpacking and handling instructions shall be securely attached to the exterior of the largest packing in a well-marked weather proof container. The upright position, lifting points, gross weight ( including packing ) and dimensions shall be clearly marked on each package. Each package shall properly identify the equipment contained therein. 

8.6
Two copies of the manufacturer’s installation and instruction manual shall be packed and shipped with the equipment. 

9.0 
DOCUMENTATION:
9.1
With Proposal
           Vendor’s proposals shall as a minimum include the following: 

a) All data sheets, drawings and documents listed in Vendor Data Requirement ( VDR ) form. 

b) List of recommended commissioning spares included in the offer. 

c) List of mandatory spares ( where specified by Company ) included in the offer. 

d) List of spare parts for one year as well as two years normal operation shall be made separately including auxiliaries and drivers in the form of a table & shall be made separately including auxiliaries and drivers in the form of a table & shall show part number, description, quantity installed in one unit and recommended quantity per unit and for total number of unit. 
e) An itemized list of special tools included in the offer. 

f) Any start-up, shutdown or operating restrictions required to protect the integrity of the equipment. 

g) Any limitations of vendor’s test facilities to carryout the specified tests.   

9.2      After Order Placement   

9.2.1
Drawings and data as required after purchase order is specified in the VDR. Vendor is to note that the drawings / documents descriptions / titles as given in the VDR are generic in nature. It is possible that against one drawing / document specified, there are several drawings to be furnished by the vendor or vice versa. 

9.2.2
All vendor data / drawings / documents shall be in English language and in Metric Systems.

9.2.3
Data specified in the VDR is the minimum requirements of Company. Any additional document / data required by Company for engineering or construction shall also be made available by vendor. 

9.2.4
Drawings / documents with following titles shall contain as a minimum the following information:

a) General Arrangement Drawing:

 
A general arrangement drawing shall indicate: 

i) Outline dimensions ( minimum three views ) ( all principal dimensions ). 

ii) Location ( in all three planes ), size, type, rating and identification of all  hook-up / interface connections including those of vents, drains, fuel, cooling water & electrical / instrumentation. 

iii) Direction of rotation viewing from the driving end. 

iv) Weight of each assembly / component. 

v) The weight  & location of center of gravity of the heaviest assembly / components that must be handled for erection. 

vi) Identification and weight, dimensions of the heaviest assembly / subassembly / component required to be handled for maintenance. 

vii) Maintenance clearance and dismantling clearances. 

viii)  Speed 

ix) Layout of auxiliary equipment and operating platform. 

x) Make, Type and Size of couplings and the location of guards. 

xi) A list of reference drawings, if any. 

xii) A list of any special weather – protection and climatic features. 

b) Foundation Drawings 

           A foundation drawing shall indicate complete information required for foundation design including the following: 

i) Foundation bolt sizes, pocket sizes and locations.

ii) Grouting thickness and other necessary technical details. 

iii) Static weight of each skid / independently grouted item and location of center of gravity of each of such skid / items in all three planes. 

iv) Weight distribution for each bolt / sub-sole plate location and total static weight. 

v) Dynamic loading caused due to various items grouted independently. 

vi) Maximum permissible amplitude of vibration of the foundation at base level. 

vii) Suggested dynamic factor and ratio of foundation weight to weight of skid / equipment as per vendor experience. 

c) Field Alignment Diagram   

          
The diagram shall indicate the relative displacement to be kept between the centerlines of various equipment at the time of installation, so that under normal running conditions the equipment get fully aligned. This relative displacement should be decided on the basis of centerline temperature rise data of drive, gear box / transmission system, driven equipment. 

9.2.5
Vendor shall provide completely filled in data sheets for Company’s approval. 
9.2.6
Mechanical catalogue is a compilation of “As Built” drawings and data, manufacturing inspection and test records, installation and instructions, operation and maintenance instructions, etc.
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