


Introduction

There is a maximum word count of 2500 for this assignment, for this reason I have selected some key areas to write about so I can give the best understanding for both commissioning and the information around the drawing I have selected from my Plant. 
[bookmark: _GoBack]I will briefly explain the commissioning of a CNC (computer numeric control) lathe. I will give some detail on how the machine works, activities around the installation and utilities required of the plant.
The purpose for the installation of this machine was to increase capacity within the manufacturing area at Zimmer Biomet, namely the “Shells area”. The planned output for this machine is 120 parts per 24 hours run time.
Mazak i1000ST is the machine being commissioned.



















CNC Lathe. What is it and how does it work?

Diagram below shows the basic set up of a CNC lathe.
Tailstock  
Tool turret (Milling cutters)

Main Spindle/chuck

[image: C:\Users\chickaw\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\6IXY5KZY\IMG_2032.JPG]Emergency stop 
Coolant reservoir 
Main drive motor
Hydraulics 
Bed/runners for turret  
CNC control panel 
Tool turret (inserts)




A CNC Lathe is a piece of machinery that is used to selectively remove material to a specified size or shape, in particular parts that require tight tolerances. These machines require electrical supply and air pressure.
CNC machines are used widely in the manufacturing sector because of the repeatability they can offer.
To run this machine, a piece of material or work piece is placed in the spindle via the chuck or fixture, this spindle is powered by a drive motor and rotates at a speed determined by the user. The speed of the spindle is measured in RPM or rotations per minute. The work piece or material is then supported, if required, by a tailstock, which holds the material at the opposite end to the spindle.
While the material is rotating at the desired speed, a turret, that holds various fixed tooling like milling cutters, inserts or tips will feed in to the material to remove the specified amount. A ball screw powers the movement of the turret. The feed rate in which the turret or tool is measured in is inches per minute or millimeters per minute. The finish required by the user determines both the spindle speed and the feed rate of the tooling.
A program written by the user, in a particular language, determines all the movements that the machine makes to cut the material to the desired profile. The language used for this machine is FANUC. This language is mostly G and M codes. These instructions, or commands, give numeric directions to the turret and spindle to remove specific material. The directions that the machine moves are referenced as axis, for example, if the turret moved towards the spindle, this would be negative z axis. Other axis include A, X, Y and will all move positive or negative.
G code commands will dictate the movement of the machine, for example the turret moving to cut material.
M code commands will dictate function, for example activating the coolant.
S coding determines the speed of the spindle.

Product produce on this machine - OsseoTi Porous Metal Technology
[image: 1000x1000_insetimage_Hips_OsseoTi]The Mazak CNC is used to turn down the inside sphere to a specified drawing.

[image: ]Structure of porous metal


	
Zimmer Biomet’s OsseoTi Porous Metal Technology uses human CT data in combination with 3D printing technology to build a structure that directly mimics the architecture of human cancellous bone. Using a proprietary manufacturing process, constructs are printed layer by layer to build a fully integrated component with solid and porous regions. This process maintains the consistent porosity and strength necessary to facilitate tissue in-growth and implant stability. 
Zimmer Biomet.com, 2020     https://www.zimmerbiomet.com/medical-professionals/common/our-science/osseoti-porous-metal.html









Commissioning, what is it and why is it important
Commissioning is the process in which you ensure the plant you are installing is operating correctly and is suitable for the requirements of the business.
There are 9 key elements of commissioning, these are - Planning, Mechanical completion, P&ID Checking, Pre commissioning, Commissioning, Start up, Initial operation, Performance testing and Post commissioning 
Commissioning coach https://commissioningcoach.s3.amazonaws.com/free_download/MindMap_The_9_Key_Elements_Video_01_OVERVIEW.pdf

Commissioning is an important process, above all it will ensure the plant and systems are safe for operation.
The commissioning process will also help provide the client with the maximum efficiency and Quality assurance.
With Zimmer Biomet being in the medical device sector, we are highly regulated. Commissioning will ensure we comply with the regulations set, examples below.

· The installation should be checked against the construction drawings and any deviations should be recorded and evaluated. 


· Factory Acceptance Test (FAT)-documented evidence that a piece of equipment or system has been adequately tested at the manufacturer’s facility and performed to the end user’s expectations prior to delivery to the end user. 


FDA, 2015      FDAhttps://www.fda.gov/media/92841/download Page 44, 45, 46.









Coolant System 
An integral part of this process is the coolant system on the machine. The coolant will be used to improve the life of the cutting tools, stop corrosion on the machine while helping to achieve the best finish on the work piece. The system is placed under the machine and feeds through to a nozzle, which is directed to where the machine is removing material.

Diagram below shows the pipe and instrument drawing for the coolant system used.
[image: Schematic diagram of high pressure coolant system.]
This system is activated by a code within the CNC program, M8 command. The M8 command will signal the foot valve and initiate the high-pressure pump to start pumping coolant through the system. 
The coolant will flow in the direction indicated in the diagram, as you can see there is a block valve, which is designed to essentially stop the flow of coolant if required for maintenance, or breakdowns. 
For this system, the block valve would be used to re direct the coolant in to the coolant tank via the relief valve. The block valve will normally be set for the coolant to flow in the direction of the flow control valve; the pressure gauge you can also see in the diagram regulates this. 
The coolant is then directed in to a direction control valve, which can also be used to change the direction of the coolant towards the coolant tank. Normal running condition will see the coolant then flow out of the nozzle on to the material being removed.
This coolant is then recycled through the bottom of the machine in to a separate coolant tank  and back in to the main coolant tank via a supply pump, but not before being filtered of all the waste that has been taken from the material that has been removed. This is called swarf. The filters used in this system are made from fabric that will only allow particles smaller than 100 microns through.
Cooling agent used on CNC machines is Hoccut 3380 i. This is stored in an outside oil storage area, only trained personnel will have access to this.
Once it has been filtered, it is then be recirculated as required.
During the commissioning of this part of the machine (COSSH assessment), it has been highlighted that monitoring and regular testing is required. The testing and monitoring put in place is as follows:
The COSHH assessment identified that the coolant used is an Irritant, Sensitive to skin and May Cause An allergic Reaction. 
Important: Do not get in eyes, on skin, or on clothing Irritating to the Eyes. 
Because of the COSHH assessment there has been safety equipment placed in the work instruction – Glasses, foot wear and gloves. Barrier Creams are available for all machine operators.
In addition, monitoring will be put in place. Details below.
Daily checks with a refractometer, this involves collecting 1 to 2 drops of cutting fluid, onto the prism glass and take the reading from the scale.
Monthly monitoring set up by an external company for a full audit of the machine for PH levels and bacteria count.
The operator will then record the concentration. There are upper and lower limits to guide them. The external contractor will also record the monthly test.
When disposing of the spent coolant we have an external contractor who will collect from an underground storage tank.

What is COSHH? 
COSHH is the law that requires employers to control substances that are hazardous to health. You can prevent or reduce workers exposure to hazardous substances by:
· Finding out what the health hazards are;
· Deciding how to prevent harm to health (risk assessment[1]);
· Providing control measures to reduce harm to health;
· Making sure they are used; 
· Keeping all control measures in good working order; 
· Providing information, instruction and training for employees and others; 
· Providing monitoring and health surveillance in appropriate cases; 
· Planning for emergencies. 
HSE      https://www.hse.gov.uk/coshh/basics/index.htm


The installation or commissioning of this equipment/system requires consideration of these points; Planning, Mechanical completion, P&ID checking, Pre – commissioning, Commissioning, Start up, Initial operation, Performance testing, Post commissioning.    Commissioning coach    https://www.commissioningcoach.com/

Brief overview of the commissioning below.

Key roles
Project Owner – Supplier of machine
Project Support – Process Engineer
Quality – QA Manager

Roles and responsibilities - Machine supplier 
Final approval of the commissioning
Ensuring the accuracy of the installation
Reviewing the installation report
Creation of the reports

Roles and responsibilities - Process Engineer 
Review and acceptance of the plant and report.

Roles and responsibilities - Quality Manager 
Ensuring compliance to quality standards, policies, plans, and regulatory requirements. This includes reports.


Planning – Key requirements
The planning will involve risk assessments, Documents (manuals, assessments, Calibration etc), Personnel ranging from the Commissioning team to operators amongst other things.
The utilities required for the installation of this equipment are Electricity supply (3 phase, 35.4kVA, 415+-6% 50/60Hz), air pressure of 0.5MPa. The machine will also require a consistent temperature of 0-40’C, this machine is going in to a controlled environment and the temperature is already controlled. The range of temperature is important for the accuracy and function of the machine.
A water supply will also be required, along with storage for the coolant barrel (within 2 meters) for the adding of coolant to the coolant tank under the machine. An automated pump is used to mix the correct concentration. 
Planned maintenance and monitoring must also be considered. Monitoring of the coolant for example will be required for both a performance and a Health and Safety aspect.
A standard operating procedure will be developed for the monitoring of the coolant. The purpose of this will be to monitor the concentration while topping up to ensure the coolant does not present health issues or affect any performance of the machine tooling or product quality.

Mechanical completion
The mechanical completion will involve all tasks that get the machine ready for the pre commissioning stage. Mechanical, electrical and structural checks are involved
Verification of all the electrical supply, air pressure is required. The level of the machinery is also tested here, this is important for the machine to produce quality, repeatable parts.

Pre commissioning
During this phase, we will be testing for leaks, applying oils or lubricants, coolants in preparation for commissioning. Other checks would be conducted including Safety functions.

Commissioning
The commissioning phase will now be “getting ready” hand to production for full start up after the construction. This is the most important part of the commissioning; if this is done correctly, your startup will be without issues.
At the commissioning phase, it is important to have all the documentation ready for production. Risk assessments have been complete along with COSHH assessment. Standard operating procedures and work instructions will also be complete.

Start up
Before the equipment is started, we will verify all the physical and environmental aspects. The Process engineer will oversee this.
Environmental Verification - The Environmental Verification section verifies that the system is installed according to any environmental requirements – e.g. temperature, humidity, etc. – in accordance with the appropriate systems manufacturer’s documentation.
Power Supply - This section verifies that the power supplies and protection devices are installed and that the installed power supplies and protection devices are in accordance with the appropriate systems manufacturer’s documentation.
Hardware Installation - The Hardware Installation and Inventory Verification section verifies that the components comprising the system and detailed in section are properly installed. The owner will perform a visual inspection of the system hardware components.  The details of the tests will be described in the report. Inclusion of all materials such as lubricating oils and cutting fluids are to be captured in this section.

Calibration of hardware - Calibration assures that a device or system will produce results, which meet or exceed some defined criteria, with a specified degree of confidence. The Hardware Calibration Verification section verifies that all critical process gauges or measuring hardware has been. Calibration by suppliers has to be confirmed by the issuing of a calibration certificate. The details of the test procedures are detailed of the test procedures are detailed in the report.

Maintenance - Verify planned maintenance schedule of tasks and frequency – 6 monthly maintenance confirmed.
Verify that all fuse’s and trip switches are in place and working. 

Initial operation
During this phase, all the fine-tuning is carried out. The owner, engineer and trained operator will be present in this phase. 

Step by step operation and check list below.

1. The position of all emergency stop buttons is verified and the buttons are tested as working.
2. Door cannot open manually in auto operation, due to interlocks engaged.
3. Machine guards are present and secure.
4. Chucks open and close as selected.
5. Machine powers up, screen comes on, interior light illuminates.
6. Display shows the position screen.
7. Setup Info screen is displayed as selected.
8. Program screen is displayed as selected.
9. Tool Data screen is displayed as selected.
10. Diagnostics screen is displayed as selected.
11. Data I/O screen is displayed as selected.
12. Tool Layout screen is displayed as selected.
13. Display Map screen is displayed as selected.
14. Work Offset screen is displayed as selected.
15. Macro Variable screen is displayed as selected.
16. EIA Monitor screen is displayed as selected.
17. Navigation Result screen is displayed as selected.


Performance Testing
This is the phase of commissioning where we demonstrate the operating of the machine. This is where we find out if the machine can perform, as it should under the normal operating conditions.

Post commissioning
The commissioning is essentially complete at this phase but the acceptance in to production will only take place after any alterations need to be made because of issues that arise. This phase will also require some maintenance.
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