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9 KEY ELEMENTS OF COMMISSIONING


The 9 Key Elements of commissioning are:
1. Planning
2. Mechanical Completion
3. P&ID Checking
4. Pre-Commissioning
5. Commissioning
6. Start-Up
7. Initial Operation
8. Performance Testing
9. Post Commissioning


[image: ]
(https://commissioningcoach.s3.amazonaws.com/free_download/MindMap_The_9_Key_Elements_Video_01_OVERVIEW.pd, 2019)


Due to the word-count restrictions of this assignment, I won’t go into great detail of what each of the 9 Key Elements are, instead I shall select a few of the Key Elements and discuss them in relation to the installation of the Mazak i-100 ST CNC machine at Zimmer Biomet Bridgend.  I believe this to be more relevant to the purpose of this assignment.

The successful performance of this CNC machine during normal operating conditions is the result of a well-managed commissioning phase.  Throughout the installation process, this machine has been micro-managed at each commissioning phase to ensure it eventually operates at maximum performance.





PLANNING

The absolute priority of any installation, bar none, is Safety.  

During the Planning phase of this machine installation project, the engineer completed an initial Risk Assessment which took into consideration the transportation of the unit, suitable day/time to install it, electricity supply, utilities such as pneumatic air supply and oil services, and working at height.  Screen shot below of the original RA, taken from the OPP report.
	

[image: ]
(B.10.OPP.048 Mazak Line 2.pdf, p.9, 18.01.2020)

The results from this Risk Assessment, along with other safety factors such as using approved contractors, trained personnel, communications, involvement of other departments, etc. determine the progression to the next phase of the commissioning process. 

Also in this section of the commissioning stage, the  Zimmer Biomet key employees will have been identified and names recorded in the documentation.  Such as the commissioning team, maintenance team, operators and finally the Mazak contractors too.

Operation manuals will have been received from Mazak at this stage, which will help in the planning of the installation and setting up safety procedures, maintenance, etc.

Any special equipment needed will have been ordered in readiness, the Mazak guide to commissioning lists all equipment used for installation purposes will be fully calibrated.  This suggests that sensitive ‘calibrated’ equipment will be needed for the installation.





PRE-COMMISSIONING

During the pre-commissioning phase, the Mazak i-100 ST will be subjected to certain tests that can only be done prior to commencing the commissioning phase.  Mazak, the manufacturer of this CNC machine, suggests the following inspections be carried out during the pre-commissioning phase:

1. Check power and air connections.
2. Clean machine and ancillary equipment.
3. Rough level machine.
4. Position tool magazine (where applicable).
5. Fit additional machine guards (where applicable)
6. Final machine alignment.
7. Fit ancillary equipment.
8. Test machine / equipment functions.
9. Test safety functions.
10. All equipment used for installation purposes will be fully calibrated.

(https://www.mazakeu.co.uk/customer-support/linstallations, 18.01.2020)

A qualified Mazak engineer will conduct these steps prior to moving to the next phase of commissioning.

The Mazak list of inspections and tests are directly associated with the Mazak CNC machine, however there are other services that need checking which are indirectly associated with the CNC machine.  The factory air supply will need to be connected and checked, and the electrical power supply will also need to be connected and checked. Facilities will need to be notified of the new installation, to check what grade of hydraulic, lubrication and cutting oil is recommended, just in case it is an oil we are not currently using.










COMMISSIONING

During the commissioning phase, the Mazak i-100 ST will be subjected to certain tests to confirm all systems are working in accordance to the manufacturers specifications, and all components are operating correctly.  Mazak suggests the following inspections be carried out during the commissioning phase:

1. Machine overview.
2. Coolant system and oil refill points.
3. Powering machine on/off.
4. Operation Panel
5. Display screens
6. Safety operations.
7. Loading magazine, creating tools & tool data page.
8. Tool setting.
9. Machine set up.
10. Alarm procedure.
11. Diagnostic procedure.
12. Overview of parameters.

(https://www.mazakeu.co.uk/customer-support/linstallations, 18.01.2020)


It is also the time when process fluids are introduced to the systems and sub-systems, and the machine is operated through its cycle whilst unloaded.  
Later in this assignment I will discuss the Hydraulic Oil used in this Mazak i-100 ST, and how it is controlled from receipt, storage, active usage, disposal and removal, in accordance with COSHH regulations.

During the commissioning stages, the importance of Safety is again demonstrated, as the machine is run through its process, it is the time to check that guards are adequate, emergency stop buttons work, etc.

Whilst the Mazak i-100 ST is being cycled, now is the time to engage the operators, to go through the set up with them, to run off parts, stabilise machine to produce consistent parts to specific quality characteristics, etc.  To get as much exposure as possible before we progress to the next stage of commissioning, Start Up.










Here is a copy of the commissioning sign off paperwork, completed during the commissioning stage of the Mazak i-100 ST installation:

[image: ]
(B.10.OPP.048 Mazak Line 2.pdf, p.25, 18.01.2020)





















PIPE & INSTRUMENT DIAGRAM

Image below is a PID drawing for the Mazak i-100 ST spindle clamps, the whole hydraulic circuit for this particular system of the CNC machine.

(Mazak i-100 ST Operators Manual E372SG0026E0, 2012, Rev.0).
[image: ]


To appreciate the spindle clamps in reality, here are photos of the actual Mazak i-100 ST spindle clamps.

Main spindle					Counter spindle
[image: ]	[image: ]
The spindle clamps are operated by foot pedals, ergonomically designed with the CNC operator in mind as they will be loading/unloading production parts to/from the spindle clamps using their hands.

I shall explain how certain sections of the hydraulic circuit operates, starting with this section:

[image: ] 

Symbols:

Double acting cylinder
[image: ]


Spring loaded one-direction check valve
[image: ]


Rotary connection of the  two lines
[image: ]

Pipelines and Electric signal/control line
[image: ]


Proximity switch
[image: ]


Spindle chuck
[image: ]


Spindle drawbar bearings
[image: ]


Brief explanation

The opening and closing of the chuck jaws are accomplished through the axial motion of the hydraulic double acting cylinder. As the piston slides back and forth, the drawbar moves in unison, driving a wedge type plunger within the chuck body. This plunger converts axial motion to radial motion, causing the jaws to open and close. 
(https://www.productionmachining.com/blog/post/understanding-cnc-collet-chucks, 18.01.2020)

The axial stroke of the piston is accomplished by forcing hydraulic oil into the cylinder body via a port, thus forcing the piston rod to outstroke or instroke.

To unclamp the part in the chuck, the operator will press the left foot pedal.  This sends a signal to the PLC which will activate the motor attached to a pump.  The pump takes oil from the tank and forces it through line A, passing through the one-direction check valve,  to the rear of the cylinder.  The pressure of the oil is greater than the tension in the spring, thus forcing the spring back and allowing oil to pass into the cylinder body.  As the oil fills the cylinder body, it forces the piston rod out, this in turn moves the chuck jaws.

To clamp the part in the chuck, the operator presses the right foot pedal, reversing the dynamics of the hydraulic system.  Line B becomes energised, forcing oil under pressure through the one-direction check valve in line B, pushing the piston back into the cylinder body.

Another section of the drawing:

[image: ]


Symbols:

Check Valve
[image: ]


Flow control valve / throttle (fixed)
[image: ]


4/2 way directional control valve

[image: ]



Hydraulic oil flow is controlled by a 4/2-way valve, with a solenoid coil to the left of the block, and hydraulic pilot control, which is reset by a spring force located to the right of the block.  The thick black rectangular line surrounding the valve suggests the valve is located in some form of component enclosure.

The drawing shows the directional control valve in its energised state, the right side envelope is currently operational, the hydraulic oil is flowing through line A to the cylinder.  The pump, although not shown in this specific drawing, will be connected to the inlet port P on the valve, oil passes through to Line A to the cylinder which will outstroke the piston rod.

In order to return the piston rod into its cylinder body, i.e. to instroke the piston, the solenoid on the left side of the directional control valve needs to receive another electrical signal.  Once it receives a signal, it will force the solenoid to slide across so the left envelope becomes operational.  You can see from the directional arrows in the left envelope that oil in line B will become under pressure and oil in Line A will return back to Tank.

Also in this image we have a check valve and a flow control valve, or throttle.  The task of the check valve is to ensure that flow can only go in one direction, which in this case is back to the tank as it’s the return line.  Flow cannot be forced in the other direction as the check valve will prevent it.  The job of the flow control valve (or throttle) is to regulate the flow rate to the cylinder.



Other symbols in this schematic drawing:


Pressure regulator/reducing valve, with electric motor
[image: ]


Branching (with connected piping)

[image: ]


Pressure switch (hydraulic)
[image: ]



COSHH

[bookmark: _GoBack]COSHH is the law that requires employers to control substances that are hazardous to health (https://www.hse.gov.uk/coshh, 18.01.2020).  As Zimmer Biomet Bridgend is a mass producer of products to the medical sector, the company needs to use specific substances during its process in order to produce products that fit the specific requirements of such a highly regulated sector.

In relation to the Mazak i-100 ST, the machine will need hydraulic, lubrication and cutting oils in order to perform its operation efficiently.  These oils are typically recommended by the Manufacturer.  In the case of the Mazak i-100 ST, the Hydraulic Oil specified by the Mazak is a 32 grade.  We use the Shell Tellus 32 brand oil as it is cost effective, locally supplied and can be used in all machines across the shopfloor.

In accordance with COSHH regulations, we have a copy of the products MSDS (Material Safety Data Sheet) so we can manage the oil, from receipt, handling, storage, disposal, etc.


[image: ]
http://www.vegagerdin.is/Handbaekur/Varasom_efni.nsf/f810148f83e9522000257988005431c6/d00d8b57ee7259d60025756600483890/$FILE/Tellus%2032.pdf, 18.01.2020


All our oils are stored in a segregated storage facility situated outside for ventilation purposes.  The area is only accessible by authorised personnel only and is controlled by the Facilities Department.

Image of Oil Stores at Zimmer Biomet Bridgend:
[image: ]

Inside the Oil Stores there are a number of different types of oil, all labelled up appropriately and stored on shelving with oil drip trays beneath them.  Appropriate PPE is available in the Oil Stores to handle the oil as per the recommendations in the MSDS for that product.

Image of Shell Tellus 32 on its shelf:[image: ]


The Mazak i-100 CNC Machine will notify the Operator/Machinist when the Hydraulic Oil level is low by means of an alarm text on the HMI screen.   The operator will notify their Shift Leader who will then notify the Facilities Operator to replenish the hydraulic tank with Shell Tellus 32 hydraulic oil.


Image of the Mazak i-100 ST hydraulic tank, situated to the rear of the Mazak machine:
[image: ]


When the Hydraulic Oil in service begins to show signs of declining performance, or is contaminated, the decision will be made to remove the oil from the Mazak i-100 which will be managed by the Facilities Department.  A Facilities Operator will use the ‘Freddy’ vacuum machine to remove the oil from the Mazak i-100 and dispose of it into our Oil Disposal tank which is stored beneath the ground.


Image of the ‘Freddy’ oil vacuum machine:
[image: ]


Image of the underground oil storage tank:[image: ]



When the underground oil storage tank is full, Facilities will contact our Waste Disposal company, SiteServ, who will attend site and extract the waste oil from the underground tank.  

SiteServ will supply us with a Transfer Note for our records, which will detail how much oil was removed, when, where, etc.  In addition for record keeping, the Transfer Note provides us with evidence that we are disposing of our waste oil in a responsible manner, in accordance with the MSDS specifications and UK law.






End
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