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1 SCOPE

This specification details the requirements for the mechanical design and fabrication of High Pressure Grinding Rolls (HPGR) used in mineral processing plants. 
It must be noted that this specification lists minimum requirements.  Where the features of the standard mill design offered by the Contractor exceed the stated requirements, the Contractor shall bring it to the attention of the Engineer for his approval.

2 TECHNICAL REQUIREMENTS TO BE SPECIFIED BY THE ENGINEER

The following requirements are to be specified on every invitation to tender, contract or order:

· Reference number, title, date and issue of this specification.

· Process and project specific requirements (Data sheet AA EDS 48)
· Site specific requirements
· Paint system and final colour (See Clause 4.5)
· 
3 DEFINITIONS
For the purposes of this specification the following definitions shall apply:
	a23
	:
	Life factor for lubrication conditions

	ASME
	:
	American Society of Mechanical Engineers

	ASTM
	:
	American Society for Testing and Materials

	AT
	:
	Anglo Technical 

	AWS
	:
	American Welding Society

	BS
	:
	British Standard

	DATA BOOK
	:
	A hard cover or electronic copy, loose-leaf book containing a record of identification markings, heat treatments, mechanical, chemical and NDE certification and any other certification requirements of this specification

	FEA
	:
	Finite element analysis

	IEC
	:
	International Electrotechnical Commission

	L10
	:
	Basic Rating Life (at 90% reliability) Millions of revolutions

	MPI
	:
	Magnetic Particle Inspection

	QAR
	:
	Quality Assurance Representative;  An independent surveillance agency appointed by the Engineer

	RT
	:
	Radiographic testing

	RTD
	:
	Resistance type temperature detector

	UT
	:
	Ultrasonic testing

	VISUAL
	:
	Unaided vision, except normally used personal sight aids


The following terms are defined in the General Conditions of Contract:

· Anglo American, Approved, Company, Contractor, Engineer.

4 REQUIREMENTS

4.1 General
4.1.1 Equipment Selection

The Contractor shall, as far as possible, use standardised equipment.

4.1.2 Safety

All rotating equipment shall be provided with safety guards and devices as required to comply with AA AFRS 5, Equipment Safeguarding Standard.
Isolation shall comply with AA AFRS 6, Isolation Standard.

4.1.3 Materials of Construction

Critical steel fabrications, including the roll frame, reducer housings and torque reaction mechanism, shall be manufactured from steel satisfying the requirements of recognised international standard.

Shafts and other forgings employed in the drive train shall be manufactured from heat-treated alloy steel satisfying the requirements of a recognised international standard.  The Contractor shall furnish the following information for all forged components of the drive train:

· Number and date of the standard

· Grade of steel including the heat treatment condition and limiting ruling section

· Chemical composition

· Mechanical properties, including tensile strength, yield strength, elongation on 5.65√S0 and Charpy V-notch impact test value at a specified temperature

For all critical fasteners such as holding down (HD) bolts and those employed in coupling flanges, the Contractor shall furnish the following information:

· Number and date of the standard to which they shall conform

· Grade

· Mechanical and chemical properties.

The materials of construction and components selected for the units should be cost effective, in line with the process duty as specified in the contract.

The use of exotic alloys and coatings shall be avoided if possible and motivated on a life cycle costing basis if required.  The use of these alloys must be clearly indicated in the proposal and approval for use must be obtained in writing.  The use of tungsten carbide for the studs is acceptable and does not require any special motivation.

The Contractor shall certify all materials as suitable for the duty.

The Engineer, at his discretion and by agreement with the Contractor, may elect to uprate certain materials of construction for reasons of standardisation.

4.2 Information to be Supplied by Contractor
· Operating and design charge volumes
· General arrangement drawings
· Foundation foot print drawing
· Foundation loads, static and dynamic, and required foundation stiffness at each support
· Type and size of critical fasteners to be used
· Design review information as required by AA STD 100
· Battery limits for the Electrical interface and details of the interfaces e.g. couplings, connections etc.
· Electrical motor power and torque requirement
· Lubrication schedule
· Operating, maintenance and parts manuals
· Any maintenance and special access requirements
· Operating range / gap settings achievable and effect on product size distribution
· Roll aspect ratio (W/D) effect on specific throughput rate for specific material
· Roll speed versus throughput
· Information defining energy consumption as a function of through put, HPGR setting and speed
· Energy efficiency.  What is the appropriate level of energy usage that will effect liberation (finer grind equals more liberation).  Quantify appropriate point where the plant grind size will effect the most liberation (diminishing returns and over-grinding results in energy wastage)

· Throughput rate and size distribution
· Rolls wear rate as function of feed size, moisture, hardness, mineralogical composition, grain size, grinding force and roll speed
· Priced list of recommended spare parts for two years operation i.e. seals, tyres, bearing
· List detailing the expected mass of each component to be lifted during transport, erection and for maintenance.  The heaviest component will determine the size of the maintenance crane required
· List detailing the life expectancy of each component for Engineer’s approval
4.3 Components

4.3.1 Design criteria 

Civil design will be reviewed by the Contractor to ensure that the design/operating loads of the machine are adequately catered for.

The equipment shall be designed as to:

· Facilitate easy inspection, cleaning and maintenance.

· Ensure satisfactory operation under the atmospheric, ambient and other conditions prevailing at the mine and the point of use.

The Equipment shall be designed in accordance with current and modern technology, and the latest engineering practice.

The lubricants for use on the equipment must ensure efficient lubrication of all bearings, bushes etc., under the climatic and operating conditions specified.
4.3.2 Design Loads

For both drive torque and the roll separation force, the Contractor shall indicate the following design loads, illustrated in Fig.4.1:
· The peak starting torque of the HPGR

· The mean operating torque and separation force (time-at-level histogram if not constant)

· The peak operating torque and separation force (or a percentage variation on the mean values)

· The occasional torque and separation force associated with abnormal events such as entrapment of tramp metal (assumed frequency of occurrence to be stated).  See  Figure 4.1.
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Figure 4.1: Design Loads

· Specific grinding force as function of width of feed material (used to determine maximum product finesse)

[image: image2.emf]
Figure4.2: Specific grinding force

f = F / (1000 * L
	f
	=
	F / (1000*L*D) [6]

	Where,

	f
	=
	specific grinding force (N/mm2 )

	D
	=
	roll diameter (m)

	F
	=
	grinding force (kN)

	L
	=
	roll width (mm) (replace with effective feed material width)


Justification for the choice of design loads should be furnished in the form of:

· Measurements taken on operating HPGR’s

· Simulations or other appropriate forms of analysis.

· Calculation of the compression zone through nip angle, interparticle and single particle (in the compression zone the feed material is compacted from bulk density to a cake density)

· Maximum pressure in the compacting zone at the narrowest gap

· Maximum contact pressure on the rolls of the HPGR

· Pressure distribution on the HPGR studs in the compacting zone

· The motor power required to drive the roll (calculation showing how power was calculated according to the roll torque, grinding force, force action angle, angular roll speed and roll diameter)
4.3.3 Design life

All components of the HPGR shall be designed for a life of at least 25 years at the duty specified in the contract.  Wear parts, bearings, motors, pumps and instruments may need to be repaired or replaced during the design life.

4.3.4 Steel fabrications

Stresses at all critical points in the roll support frame and the torque reaction mechanism shall be determined by finite element analysis (FEA) or other appropriate form of analysis.

The adequacy of welded or bolted joints shall be demonstrated by satisfying the requirements of BS 7608 : 1993 or other appropriate standard.  Such assessments shall be based on a probability of failure of no more than 2.3% over the design life.

All welded joints shall meet the requirements of dynamically loaded joints as defined in AWS D1.1.
4.3.5 Feed chute
The feed chute shall ensure choke feed and uniform distribution of material along the roller length. 
Wear protection shall be provided for the chute.
4.3.6 Bearings

Roll support bearings shall have a minimum a23 L10 life of 30,000 hours. Other life factors, including such factors as the SKF advanced life theory factor, shall not be applied.
4.3.7 Lubrication and hydraulic systems general requirements

The hydraulic and lubrication systems shall comply with the following minimum requirements:
· All items shall be integrally mounted on a steel base and pre piped, as applicable
· The oil reservoir shall be part of the lube oil skid console
· System components shall not be mounted directly on top of the reservoir where possible
· All openings in the top surface shall be raised at least 50mm above the reservoir top
· The drain shall be provided with a plugged valve in a sloped bottom
· Reservoir internal surfaces shall be cleaned and treated against corrosion
· A full range sight glass covering the reservoir from empty to maximum liquid level shall be provided
· An internal baffle open at top and bottom located between the pump suction and the return lines shall be supplied in the reservoir
· The vent connection shall be flanged and one size larger than the largest return line.  Adequately sized breathers will be accepted
· Inspection cover
· Clean-out port
· The reservoir shall have sufficient capacity to drain the complete system by gravity with a 40% margin
The system shall be designed for easy maintenance and replacement of parts, without draining of oil from reservoir and or lines. 

4.3.8 Lubrication system

The lubrication system shall consist of welded dust tight tank, two separate pumps (one operating and one stand-by) with motors and filters, air/oil cooler and heaters with temperature controls where applicable, flow and control valves, and pressure gauges.  The system shall be supplied with complete controls and instrumentation.

The air/oil/water cooling system shall be suitable for operation under the conditions specified in the contract.  The Contractor shall recommend the location of the air/oil coolers in relation to the lubrication unit and the HPGR.

The oil system shall include in addition to items stated in Section 4.3.7 above:

· Motor driven pump with installed spare
· Reservoir oil heater capable of heating oil from minimum ambient temperature to minimum operating temperature without burning the oil, complete with temperature control switch, temperature sensing element and protective well for cold locations
· 50 micron inline filter with differential press indicator
· 50 micron filler filter
· 50 micron desiccant breather
Instrumentation shall include pre-shutdown alarms on systems that can be restored before an actual shutdown; they shall include low flow alarm on the supply line and pressure alarm on the supply lines.  Alarms shall be furnished from separate alarm contacts wired to separate terminal strips.

All instrumentation shall be approved by the Engineer.  Complete data sheets shall be supplied for this approval.

4.3.9 Hydraulic system

The oil hydraulic system shall include the following in addition to items stated in Section 4.3.7 above:

· A system for opening the grinder gap during a choked condition
· Motor driven pump
· 20 micron inline filter with differential press indicator
· 20 micron filler filter
· 20 micron desiccant breather
· Local control panel
· Interconnecting piping, wiring, conduit, instrumentation and controls to provide a complete working assembly
· All instrumentation signals shall be available for transmission to the Main Control Room
The working pressure shall not be more than 66% of the maximum design pressure.

4.3.10 Grease lubrication system

Forced grease lubrication shall be a complete unit including the following:

· Electrical or pneumatically operated drum pump suitable for installation on locally available drums
· Hydraulic or air supply hose for the pump with quick disconnect fittings to allow easy drum replacement
· Hydraulic or air supply control including filter, pressure indicating regulator and lubricator

· Air supply solenoid valve where applicable
· Pump discharge pressure indicator

· Time controller with lubricant low flow interlock and low flow alarm to control system

· Drum scale with tare adjustment

· Local control panel

· Interconnecting piping, wiring, conduit, instrumentation and controls to provide a complete working assembly

4.3.11 HPGR drive

Drive component selection shall be based on motor nominal power rating.

Cardan shafts shall be installed between the motors and reducers.
Torque limiting couplings capable of disengagement at 350% of motor rated torque shall also be installed between the motors and reducers.  The couplings shall include electrical signalling of disengagement, for use in protection logic by the PLC.

4.3.12 Forged components of the drive train

Roll shafts, flanged couplings and carden shafts shall have a yield reserve factor (YRF) greater than of equal to 2.0.  The YRF is defined as:
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Where

	YS
	=
	is the yield strength of the material

	(
	=
	is the maximum principal stress associated with the load

	(
	=
	is the maximum shear stress associated with the load


The load used in the calculation of the YRF shall be a combination of the torsion and bending associated with the abnormal occasional load defined in Section 4.3.2 above.

Roll shafts, flanged couplings and carden shafts shall have a fatigue reserve factor (FRF) greater than of equal to 2.0 based on the operating load distribution defined in Section 4.3.2 above.  Fatigue calculations shall take account of stress concentrations, surface finish and component reliability.

4.3.13 Gear reducers

Notwithstanding any ISO or DIN standards employed by the Contractor, the gear reducers shall satisfy the requirements of the latest edition of AGMA 6013-A06.
Minimum reducer service factor shall be 2.0 based on motor nameplate power.  Reducer strength shall permit loads of at least 400% of motor rated torque for momentary peak loads of up to one occurrence per hour.

Reducer thermal rating shall not be less than motor nameplate power.

Minimum reducer bearing L10 life shall be 90,000 hours.
4.3.14 Electrical components

Electrical equipment and design selection shall be approved by the Engineer in writing.

The motor rating and characteristics shall be suitable to start and run the driven equipment in an ambient temperature and at the elevation given in the contract.

Motors shall be approved by the Engineer in writing.

4.3.15 Instruments and control

· General

The Contractor shall provide a complete set of instruments for the HPGR drive system and its auxiliary equipments.

All instrument displays shall be in the metric system (SI) units.

Instrumentation equipment design shall comply with specification AA SPEC 673025 Option 2.
· HPGR Instrumentation

The instrumentation requirements shall include, but not be limited to, the following:

· Flow indication and switches
· Pressure and temperature indicators
· Pressure and temperature transmitters
· Temperature sensing elements
· Solenoid valves
· Level indicators
· Level transmitter
· Vibration sensors
· Position sensor
· Control and protection system with interlocking elements and ancillary facilities necessary to start and stop the HPGR without damaging the mechanical transmission and auxiliary system
· Lubrication Oil level, temperature, pressure and flow sensors and transmitters
· Hydraulic Oil level, temperature, pressure and flow sensors and transmitters
All field instrumentation shall be connected via Remote I/O to the Process Control System as per AA STD 673025 Option 2. 
Each lube oil system shall have instruments including low flow switches on supply lines and temperature transmitters on return lines.  Reservoir shall include low level transmitter and temperature indication.  All signals shall be wired to separate terminal strips.

· HPGR Control System

The control and protection system shall be a completely integrated control system as per AA STD 673025 Option 2.
The Contractor shall supply Control Logic Narratives; Control Logic Diagrams; P&ID diagrams; instrument datasheets; alarms and interlock settings; wiring diagrams between supplied instruments and supplied junction boxes; Instrument list (with manufacturer and model) and Instrument and Equipment manuals.

The Contractor shall supply the equations for particle size distribution and energy consumption for each HPGR settings.  This information will allow developing a HPGR dynamic model for control logic debugging and operator training purposes.  The Contractor shall submit a proposal for man hours of a process specialist engineer to assist the simulator model development.

· Local Control Panel

The field control panel shall be supplied for local operation next to the HPGR.

The panel I/O’s shall include, but not be limited, to the following:

· Local remote mode indication
· Stop-Start push button

· 
Local control panel shall be NEMA 4
 or equivalent IEC.
· Two conditions general alarms and alarm acknowledge

· Warning – tone 1

· Shutdown – tone 2

· Emergency shutdown push button
· Feeder indicating lights
· Main power ON indication
· HPGR ready for operation
· Horn for start-up warning
· Alarm annunciator system
· Mantle position indicator
· HPGR discharge cavity high level
Field wiring to and from Local Control Panel as per AA STD 673025, Packaged Equipment & Plants.

4.3.16 Seismic design criteria

If applicable to the installation site, the equipment shall be designed to withstand seismic loading when operating under full load and this shall be approved by the Engineer in writing.
4.4 Lifting Lugs
All heavy equipment shall be furnished with lifting lugs for installation and maintenance requirements.

Lifting lugs shall be:

· Positioned to give maximum balance with an even weight distribution where possible to minimize handling hazards

· Designed to have a safe working load of at least six times the design load suspended by it

· Manufactured in accordance with drawings which have been approved by an Engineer registered with the appropriate national body

· Designed for use with standard shackles, Grade S
· Shown on drawings together with slinging details. Special attention shall be given to lifts using more than three lugs to ensure proper load distribution. Unequal sling and lug loads caused by differences in nominally equal sling lengths and sling stacking arrangements on hooks shall be avoided

· Permanently fixed to all items requiring removal for inspection and maintenance
For fabricated lifting lugs all welds shall be examined 100% using UT and wet MT.  Acceptance criteria shall be in accordance with the registered Engineers approved design requirements.
The maximum allowable sling angle from the vertical shall be determined and marked at all lifting points.
Removable lugs shall be bolted to each component in the shop prior to shipment and remain attached until erection work is completed.
4.5 Surface Preparation and Painting
All equipment shall have a clean and finished appearance when delivered.

Prior to painting, all surfaces shall be free of dirt, rust, grease, weld splatter, loose scale or other deleterious substances.

Surface preparation, prime and finish paint and application procedures shall be as prescribed by the Engineer for the specific application (AA SPEC 164000 can be used as guideline).  The Contractor may submit his standard surface protection system for acceptance by the Engineer.  Paint colour will be specified by the Engineer.


Touch up paints shall be supplied in sufficient quantity for field touch up painting.
5 QUALITY ASSURANCE PROVISIONS

The requirements of AA STD 100 shall apply.

6 PACKING AND MARKING REQUIREMENTS

6.1 Gross Weight
The gross weight of each lift shall be stenciled or painted in a conspicuous location and identified as the gross lifting weight. 

6.2 Nameplates

HPGR components shall be identified by permanent serial number.  Other equipment shall have permanent stainless steel nameplates attached that contain all pertinent identification and size information.

6.3 Protective Coatings
Machined surfaces shall be protected by a coating of rust preventative material during shipping and storage.  The coating shall be easily removable in the field with non-corrosive solvents and without the need for mechanical removal methods.

6.4 Packing

Each item or sub-assembly shall be packed such that it is protected from damage and the elements during transport and any temporary storage.
APPENDIX A: RELATED DOCUMENTS 
AA SPEC 323004 High Pressure Grinding Roll
The latest issue of the following documents is deemed to form part of this specification:
	AA AFRS 5
	:
	Equipment Safeguarding Standard

	AA AFRS 6
	:
	Isolation Standard

	AA EDS 48
	:
	Data sheet for Crushers

	AA SPEC 164000
	:
	User guideline for Corrosion Prevention: System Selection

	AA STD 100
	:
	Quality Requirements for Suppliers of Critical Equipment

	AA STD 673025
	:
	Packaged Equipment and Plants

	AGMA 6013-A06
	:
	Standard for Industrial Enclosed Gear Dives

	AWS D 1.1
	:
	Structural Welding Code - Steel

	BS 7608 ; 1993
	:
	Code of Practice for Fatigue Design and Assessment of Steel Structures


APPENDIX B: RECORD OF AMENDMENTS 
	Issue 0
	:
	New document (C Chakawodza; November 2009)


� BS 7608, Code of Practice for Fatigue Design and Assessment of Steel Structures, British Standards Institution, 1993.





�As per Mubanga comment [a 2] contradicts this sentence.





�Contradicts with comment [a 1]





�As per Mubanga, consider IEC instead of NEMA 4
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Anglo Technical accepts no liability for any damage whatsoever that may result from the use of this material or the information contained therein, irrespective of the cause and quantum thereof.
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