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[bookmark: _Toc130886985]1.0 INTRODUCTION

The purpose of this report is to evaluate the current maintenance strategy implemented at the Zimmer-Biomet production facility in Bridgend, and to propose an improved strategy that could improve efficiency and increase equipment availability.

The facility is largely a manufacturing plant, consisting of many different types of process machinery.  A production machine was selected and the maintenance strategy for that specific equipment scrutinised, to establish if the current strategy is satisfactory, or if the equipment would benefit from an alternative maintenance strategy.

A review of the maintenance records for 2022 is undertaken for the selected equipment, and an alternative maintenance strategy is proposed based on a brief literature review of the types of maintenance available to industry today.


























[bookmark: _Toc130886986]2.0 TYPES OF MAINTENANCE


First we need to understand and appreciate the various maintenance strategies utilised in modern manufacturing organisations.


Author Dr Anthony Kelly (1997) tells us there are 4 key types of maintenance management strategies:

· Reactive Maintenance (run-to-failure), 
· Preventive Maintenance (scheduled), 
· Predictive Maintenance (PdM), 
· Reliability-Centered Maintenance (RCM).  
(Kelly, 1997)



[bookmark: _Toc130886987]2.1 Reactive maintenance (breakdown maintenance)

According to Jose Baptista (2016), Reactive maintenance, also referred to as run-to-failure, means a maintenance team responding to repair assets only when they fail. It can be used as a cost-saving strategy because other maintenance techniques might seem prohibitively expensive for businesses with low turnover (Baptista, 2016).

While it requires minimal planning, Al-Turki, Yilbas and Sahin (2014) explain that improper implementation of reactive maintenance can have significant consequences. Employing this approach for all equipment can result in significant production delays when a critical piece of machinery fails. In the event of such a failure, production delays can incur higher costs due to lost production time which can have major consequences. (Al-Turki, et al., 2014)
 
In summary, using reactive maintenance without a strategic approach can lead to increased maintenance expenses and more downtime.






[bookmark: _Toc130886988]2.2 Preventive maintenance (scheduled)

Also known as Proactive Maintenance, Jose Baptista explains it is a cost-effective maintenance strategy aimed at reducing downtime and prolonging the lifespan of equipment. This method involves shutting down equipment to inspect/fix them in-line with the manufacturer's recommended schedules (Baptista, 2016).

According to author Daryl Mather (CMMS: A time saving implementation process, 2002), organisations that implement Preventive Maintenance rely on Computerised Maintenance Management System (CMMS) software, such as SAP, to generate work orders when a PM is required, a crucial component of the preventive approach. By planning in advance, it becomes easier to have the necessary parts and resources on hand to complete each task. (Mather, 2002)

However, Joel Levitt (2005) argues that relying exclusively on preventive maintenance has potential disadvantages. If the PM schedule is not consistently audited and improved, technicians may become burdened with unnecessary tasks, resulting in increased costs and downtime for the organisation
(Levitt, 2005).


[bookmark: _Toc130886989]2.3 Predictive maintenance (PdM)

According to Gulati and Smith (2009), Predictive maintenance (PdM) aims to anticipate failures before they happen, allowing maintenance to take place at the most opportune time. PdM employs data from machine sensors and intelligent technology to notify the maintenance team when equipment is in danger of failing. For instance, vibration analysis can alert the maintenance team to machines at risk of failing, prompting them to take it offline just before failure. Additionally, PdM enables teams to identify maintenance issues in real-time, rather than waiting until a scheduled maintenance visit or an unexpected equipment failure. (Gulati & Smith, 2009).

One advantage of PdM over PM is the possibility of cost savings by reducing man-hours spent on maintenance and gaining more insights into the machine's performance and potential issues.

However, Jose Baptista argues that relying so heavily on data means that there is a higher initial cost to establish and maintain this maintenance approach.  Therefore, some companies choose to limit it to their most crucial assets  (Baptista, 2016).

[bookmark: _Toc130886990]2.4 Reliability-centred maintenance (RCM)

John Moubray (1997) explains that RCM is a maintenance approach that aims to improve maintenance programs by setting minimum levels of equipment upkeep to ensure safety. The strategy emphasises the matching of specific assets with maintenance techniques that are most likely to provide cost-effective results. When RCM is effectively implemented, it enhances equipment reliability, reduces downtime, and generates cost savings for the company. (Moubray, 1997).

However, Gulati & Smith consider RCM to be a complex strategy because each individual asset needs to be examined and given a criticality ranking. The most important assets are those that are most likely to fail frequently. Due to the individual analysis of each piece of equipment, it is quite possible that after implementing RCM, you will have as many different maintenance plans as there are pieces of equipment (Gulati & Smith, 2009).

John Moubray says that RCM requires a seasoned maintenance team that has sound knowledge and experience of prevention, basic inspections, predictive maintenance, and access to their equipment data  (Moubray, 1997).

Figure 1 illustrates the 4 types of maintenance, with their associated pros and cons.

[bookmark: _Toc130413645][bookmark: _Toc130413905]Figure 1 - Pros/cons of maintenance
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(Arbour, 2019)
[bookmark: _Toc130886991]3.0 CRITICAL REVIEW OF CURRENT MAINTENANCE PRACTICES


[bookmark: _Toc130886992]3.1 Introduction to the Hips Passivation Wash

The equipment I’ve selected for this report is the Hips Passivation Wash, highlighted in yellow in figure 2.

Figure 2 is a high level view of the Stems process flow, showing where the Hips Passivation is situated.  The purpose of the Hips Passivation Wash is explained in section 3.2 of this report, but the process flow shows it is linked to the Shot Peen at the start of the process.


[bookmark: _Toc130413646][bookmark: _Toc130413906]Figure 2 - Taperloc Stem process flow
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The Hips Passivation Wash is a 6-stage wash, consisting of five water tanks and a drying heater.  A full cycle consists of a batch of 12 Stems being processed through the passivation tank, rinse, detergent tank, rinse tanks and finally an air drier.  

Figure 3 overleaf is a photo of the Hips Passivation Wash in situ on the shopfloor.  

[bookmark: _Toc130413647][bookmark: _Toc130413907]Figure 3 - Hips Passivation Wash [image: ]



Figure 4 below gives a further detailed description of each cycle stage, taken from the Zimmer Biomet process specification:

· PS. No. 137 In-Process Hips Clean & In-Process Hips Clean Passivation.


[bookmark: _Toc130413648][bookmark: _Toc130413908]Figure 4 - Passivation cycle steps
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(Zimmer Biomet, 2022)


A batch of 12 Stems is loaded into a basket which is transported through the Hips Passivation Wash by means of a ‘robot arm’.  Travelling in an x-axis and y-axis direction, it lifts and lowers the basket into each tank whilst progressing along the length of the unit, from the loading end to the un-loading end.

Both x-axis and y-axis robot arm motions are belt driven (with clutches) powered by electric motors, the electric motors are controlled by a plc which relies on timers and proximity sensors as its inputs, to move and position the robot arm as per PLC logic programme.

Figure 5 is a photo of the robot arm, stationed over tank 5.


[bookmark: _Toc130413649][bookmark: _Toc130413909]Figure 5 - Robot Arm
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[bookmark: _Toc130886993]3.2 Purpose of the Hips Passivation Wash

The purpose of the Hips Passivation Wash at Bridgend is explained in the process specification PS No. 137:

“The passivation process carried out in this specification ensures that any surface iron and mild steel deposited during the manufacturing process from tooling and shot peening processes is removed, and also promotes the formation of passive layer on the surface of the implants or surgical instruments which acts to inhibit corrosion” (Zimmer Biomet, 2022).


[bookmark: _Toc130886994]3.3 Current Maintenance Practices

The maintenance department confirmed that they do not conduct Reliability-Centred Maintenance or Predictive Maintenance on this wash, only Preventive Maintenance, and of course any Reactive Maintenance whenever the wash breaks down, which is frequently.

The pros to the PM approach is the Hips Passivation Wash is subjected to structured inspection and minor maintenance every 3-months.  As per the PM tasks in figure 8 below, joints are greased, proximity switches are checked, filters changed, acid is changed, tanks cleaned, and emergency stop operation confirmed.  It is a routine health check done every quarter.

The cons are, even though the Hips Passivation Wash undergoes these checks every 3-months, the unit still suffers frequent breakdowns, causing significant interruption to production.  The current 3-monthly PM checks are not audited, amended or altered in response to any breakdown trends.  Figure 6 is a screenshot of the current PM checks for the Hips Passivation Wash.


[bookmark: _Toc130413910]Figure 6 - 3-monthly PM checks[image: ]
(Zimmer Biomet, 2023)





[bookmark: _Toc130886995]3.4 Hips Passivation Wash maintenance data

A review of the Zimmer Biomet SAP PM system revealed that the Hips Passivation Wash has a Preventive Maintenance event scheduled every 3-months.  There are no other PMs for this wash.  According to the SAP system, in 2022 there were a total of 98 maintenance entries in SAP for the Hips Passivation Wash, 4 were 3-monthly PMs, the rest were breakdowns. When a maintenance request is raised in SAP, it is called a maintenance notification.  

Figure 7 is a screenshot of the maintenance entries, exported from SAP to Excel.


[bookmark: _Toc130413911]Figure 7 - SAP maintenance data
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(Zimmer Biomet, 2023)


[bookmark: _Toc130886996]3.5 Analysis of maintenance data

From the 98 maintenance entries, I sorted the data into breakdown types over the four quarters of 2022:

[bookmark: _Toc130585377]Table 1 - Breakdown data
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From this table I created a Pareto Graph to present the data in a way which highlights the main issues causing the Hips Pass to fail.  Figure 8 shows us the top 6 issues:


[bookmark: _Toc130413912]Figure 8 - Pareto Analysis of breakdowns
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The second largest issue titled ‘crash’ can be attributed the robot arm failures as a crash is a symptom of the robot arm failing.  Operators will report a crash when the robot arm has failed to stop in the correct position, allowing the basket (it’s carrying) to collide with the edge of a tank, i.e. crash.  
Adding the maintenance notifications of these two issues together presents us  
the main cause of downtime; 29 maintenance notifications for robot arm failures.

Now we need to establish the root causes of the robot arm failures, a 5-why analysis was conducted to determine the causes of failure, refer to figure 9.

[bookmark: _Toc130413913]Figure 9 - 5-Why analysis
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SAP records confirm that the main causes of the robot arm failures in 2022 were:

· A broken, worn or slipping drive belt (stretched/loss of tension).

· Motor failure due to bearings seized, burnt out cooling fan, moisture or contamination in windings, or overheating.

Of the 29 maintenance notifications, 10 were belt failures, 6 were motor failures.  13 failures were due to bent robot arm, electrical trips, dirty sliders, bent baskets, and other non-drive related issues.  

[bookmark: _Toc130886997]4.0 HOW CURRENT MAINTENANCE CAN BE IMPROVED


[bookmark: _Toc130886998]4.1 Drive Belts

According to authors Brumbach and Clade (Industrial Maintenance 2014), belt drives need to be inspected regularly for wear and tension; figure 10 presents the reasons for failure.

[bookmark: _Toc130413914]Figure 10 - Reasons for drive belt failures
[image: ]
(Brumbach & Clade, 2014)


The 3-monthly PM checks do NOT include any inspection on the robot arm drive belts, only inspection of the tank agitator belts (check 6).  Considering the amount of robot arm failures we experience, checking the robot arm drive belts is a must.  

The environment they operate in is aggressive; heat, condensation/moisture, vibration, operating under varying loads etc.  Operating 24 hours a day, 7 days a week in these conditions will take its toll on drive belts.

If we amend the PM and change the belts during the 3-month PM, which would be on a planned stoppage, it would certainly outweigh the cost of lost production every basket crash.  






[bookmark: _Toc130886999]4.2 Motors

In 2022 the Maintenance Team replaced 6 robot arm drive motors in response to breakdowns – Reactive Maintenance.  Each motor cost £1,200 and took 6-8 hours to replace and function-test, but the real cost was the loss of production whilst the wash was down.  

How can we better manage this, or even better, prevent this unplanned downtime?

Reviewing the 3-monthly PM, there are no motor checks in the tasks list.  There is an opportunity here to implement Predictive Maintenance, either thermal imaging or vibration analysis, but which one?


[bookmark: _Toc130887000]4.2.1 Vibration analysis
Hosameldin and Asoke (2020) explain this is a method of measuring and analysing the frequency and intensity of the vibrations, to detect any abnormal conditions such as misalignment, bearing wear, or looseness in the motor (Hosameldin & Asoke, 2020).


[bookmark: _Toc130887001]4.2.2 Thermal Imaging
Vollmer and Möllmann (2018) explain that measuring the surface temperature of a motor and analysing the thermal patterns, we can detect hotspots and areas of high resistance that may indicate problems such as loose connections, overloaded circuits, or damaged insulation  (Vollmer & Möllmann, 2018).

Both options can help identify problems early, providing an opportunity to plan in maintenance work before the motor fails.  

The environment the drive motors operate in is aggressive; heat, condensation/moisture, vibration, operating under varying loads etc.  Operating 24 hours a day, 7 days a week in these conditions will eventually take its toll on these motors.  However, if we can monitor that gradual decline to failure, we can almost ‘predict’ when it’s going to fail, giving us the opportunity to plan the replacement.  Both options above provide us with that opportunity.







[bookmark: _Toc130887002]5.0 COSTS & RESOURCES OF PROPOSED CHANGES


[bookmark: _Toc130887003]5.1 Improve Preventive Maintenance

Belt purchase costs will remain consistent as we replaced 10 belts last year during reactive scenarios.  If we can eliminate the unplanned breakdowns, then we can save approximately 10-12 hours of downtime a year, which equates to 35-40 baskets, which is 420-480 Stems.  
Stems sale price are approximately £130 each, so we could increase sales revenue by £54k-£62k.


[bookmark: _Toc130887004]5.2 Introduce Predictive Maintenance

A search on Google revealed that Fluke Thermal Imaging cameras cost between £1k-£3k, and a Vibration Analysis meter can cost anything from £1.5k up to £10k.  

However, the cost of replacing 6 robot arm motors reactively last year equated to 28 hours of lost production, 90 baskets which is 1,080 Stems, a total of £144k lost sales revenue.  There is enough justification here to approve the purchase of the PdM equipment.

Furthermore, either of these two handheld items can also be used on other equipment around site, not just the Hips Passivation Wash.  So payback can be realised relatively soon after purchase.
















[bookmark: _Toc130887005]6.0 CONCLUSIONS & RECOMMENDATIONS

In conclusion, the evaluation of the current maintenance strategy implemented at the Zimmer-Biomet facility in Bridgend highlighted the need for a more proactive and tailored approach to maintenance.


[bookmark: _Toc130887006]6.1 Recommendation 1

The company needs to proactively review and adjust/amend the Preventive Maintenance tasks lists in response to equipment breakdowns, analyse the maintenance data to establish ‘data driven’ PM checks in conjunction with OEM recommendations to reduce breakdowns. 

In 2022 there were 4 x-axis and 6 y-axis belt changes in response to a breakdown – Reactive Maintenance. Based on this historical information, I suggest we improve the existing Preventive Maintenance strategy and proactively replace the belts during the 3-monthly schedule.  Changing the belts during the PM will stabilise the performance of the robot arm, and reduce unplanned downtime significantly.


[bookmark: _Toc130887007]6.2 Recommendation 2

Also, introduce a structured Predictive Maintenance programme, purchase the appropriate equipment (thermal imaging camera or vibration analysis meter to start with), and train the Maintenance Teams to use them proactively.  This can help predict equipment failure and provide opportunities to plan in motor changes before failure, leading to reduced unplanned downtime.

Which one they select would depend on accessibility to the motors; thermal imaging can be done from 1m-2m away from the motors, but the vibration analysis equipment needs to be in direct contact with the motor to measure the vibration signals.


[bookmark: _Toc130887008]6.3 Change Management 

As Predictive Maintenance is a new concept at Bridgend, I advise the maintenance management are coached on Change Management techniques. I suggest they review resources on change management models such as Lewins, Mckinsey, ADKAR, Kotters or Bridges which can help them introduce Predictive Maintenance into Bridgend.

[bookmark: _Toc130887009]7.0 REFERENCES


Al-Turki, U. M., Ayar, T., Yilbas, B. S. & Sahin, A. Z., 2014. Maintenance Planning in Manufacturing Systems. 02nd ed. Dhahran: Springer Books.
Arbour, G., 2019. Fix Software. [Online] 
Available at: https://www.fiixsoftware.com/blog/evaluating-maintenance-strategies-select-model-asset-management/
[Accessed 20 March 2023].
Baptista, J., 2016. Industrial Maintenance. 02nd ed. Boca Raton: Taylor & Francis Group LLC.
Brumbach, M. E. & Clade, J. E., 2014. Industrial Maintenance. 02d ed. Delmar: Cengage Learning Products.
Gulati, R. & Smith, R., 2009. Maintenance and Reliability Best Practices. 01st ed. New York: Industrial Press Inc..
Hosameldin, A. & Asoke, ‎. N., 2020. Condition Monitoring with Vibration Signals. 01st ed. London: John Wiley & Sons Ltd.
Kelly, D. A., 1997. Maintenance Strategy. 01st ed. Oxford: Butterworth-Heinnemann.
Levitt, J., 2005. Managing Factory Maintenance. 02nd ed. Plymouth: Industrial Press Inc..
Mather, D., 2002. CMMS: A Timesaving Implementation Process. 02nd ed. Danvers: Taylor & Francis Group.
Moubray, J., 1997. Reliability-Centered Maintenance. 02nd ed. New Jersey: Industrial Press Inc..
Vollmer, M. & Möllmann, ‎.-P., 2018. Infrared Thermal Imaging. 02nd ed. Brandenburg: Wiley-VCH Verlag GmbH.
Zimmer Biomet, 2022. Process Specification no.137. Bridgend: Zimmer Biomet.
Zimmer Biomet, 2023. SAP maintenance data. Bridgend: SAP.


Stuart Jones 1909136	Page 19


image1.png




image2.png
Strategy Summary Costto

Implement
Reactive Fixitwhenit  Low Ideal forlow-  Canlead to
breoks priority runaway
equipment repair costs
Preventive Maintenance  Average Beststrategy  Without
ona toimplement  optimization,
predefermined without “PM creep”
schedule expertise can oceur
Predictive Condition- High Timely and Canbe
based informed expensive fo
monitoring monitoring. setup
triggering work More insight
orders info causes of
breakdowns
RCM Investigation of  Highest If executed Requires fime,
failure modes properly, skill and
fo defermine providesthe financial
best most efficient  resources fo be
maintenance mainfenance  effective

strategy schedule




image3.png
-

.

~

Intermediate

Shot Peen CNC Turn Polish Wash »
J
. vPS
Ceramic vPs .
bead blast chamber chamber Wash @K | 20-grit blast
Prep
. QA
Trim Final Polish Wash )| Pack&Box

Inspection





image4.png




image5.png
Load

Load

“Transfer

from Load

i1 T [ Passivation 500 50

3 2 Rinse 200 240 20
Detergent

4 3 terge 270 E) 300 300

5 Z} Rinse 20 20 20

3 5 Rinse 120 120 120

i 3 ot Arr Dy 700
Unload | Unload | TTanseri

Unload





image6.png




image7.png
PREVENTATIVE MAINTENANCE WORK SHEET

3 Monthly. Porous Coat Ultrawaye 6-Stage Passivation Washer 10002417
Safety Notice: Isolate and make safe in accordance with isolation procedure before commencing work.
- Work Order number:
Completed
tem Work nstructions Comments  Work done Compleled
JD Waters to carry out an acid change under the control of
their work method statement and Risk assessment as part
of their permit to work.
Ghreck Tonchonalty & conim aperaton of A Tk evel vichesiow
fete nen tank s emps, e with JD Waer when tank is emy)
fostswiches & dosing o siches duing Smih 36 change
] Confim operation on the emergency siop
> Chieck or signs of K eake
N Chiock or any debis ipide the tanks
4 Confim handler move’sfreely and with-out juddering.
B Lighty grease agitator cams and confim operation is smooth
B Check for wear on agtator bets
7 ek or igns ofwear on 1630 and Unoad conveyors
8 Check /Change filters in electrical cabinet
Total Man ours.

ciated: UKP030

Page2 of 4





image8.png
Notifdate | Malfunct.end |Description Notifitn type
10151321 | 13/08/2022 | 13/08/2022 |dryer not reaching temp. vz
Tl0151358 | 15/08/2022 | 15/08/2022 |3 Monthiy Planned Maintenance - 10002417 [
(10151368 | 17/08/2022 | 17/08/2022 [oryer tank over temp. M2
(10151470 | 18/08/2022 | 18/08/2022 |Dryer not reaching temp (tanke) [
[10151777_| 01/09/2022 | 01/05/2022 |machine inop ™2
[i0151813_| 30/08/2022 | 30/08/2022 |unable to start wash vz
[10151875_| 04/09/2022 | 04/05/2022 |Fan not working in tank 2 dryer vz
(10152020 | 06/09/2022 | 06/05/2022 |Not powering on vz
Ti0152435_| 15/09/2022 | 15/09/2022 |belt not working ™2
[10152617_| 24/10/2022 | 2¢/10/2022 |Fiter housing change vz
Ti0152666_| 23/09/2022 | 23/09/2022 [Tank 1 low level. Auto topup not working. ™2
Ti0152692_| 23/09/2022 | 23/09/2022 |cidtemp. ™2
[10152971_| 02/20/2022 | 02/10/2022 |tow Tank Temp. ™2
[10153043_| 06/10/2022 | 06/10/2022 [Tank 1 (Acid) low temp & Leak somewhere? vz
[10153141_| 08/20/3022 | 08/10/2022 [scid tank hesters issue ™2
[10153187_| 11/20/3022 | 11/10/2022 |Drying tank temp issue w2
Ti0153616_| 22/10/2022 | 22/10/2022 |Acid tank won't top up automatically ™2
[mlsassa 24/10/2022 | 24/10/2022 |xis motion alarm vz
10153827 _| 29/10/2022 | 29/10/2022 |programme issue vz
T10153889_| 01/11/2022 | 01/11/2022 |eater intank 8 not woerking ™2
(10153963 | 02/11/2022 | 02/11/2022 [remperature too high vz
(10154381 | 14/11/2022 | 14/11/2022 |Wash tank not filling M2
Tlo154388 | 18/11/2022 | 14/11/2022 |3 Monthly Planned Maintenance - 10002417 [
Tlo1saa2s | 15/11/2022 | 15/11/2022 [Tank not filling M2





image9.png
a @ ] s | Total

Robotarm| 3 s 4 3 15
crash| 4 3 4 3 1
Fillinglssue| 2 3 s 3 13
Leaks| 4 3 2 2 1
Temp| 1 3 3 2 5
Won'tstart] 2 2 4 ] 8
other] 1 1 o 2 4

Total| 17 2 2 15





image10.png
16

1

12

10

Robotarm

Crash

Hips Passivation breakdowns

Leaks

Temp

Won't start

Other

100%

0%

20%

10%




image11.emf
Start Date

Completed by

Describe the 

problem:

How to resolve 

the problem now 

and prevent it in 

the future:

Replace belts on a structured PM programme.

Consider vibration analysis, or thermal imaging of the motors on a structured PM programme.

In progress

Why do the belts 

stretch under load, 

and the motor fail 

in high 

temperatures?

Because the belts 

aren't checked or 

replaced.

And the motors 

eventually begin to 

seize, they aren't 

checked or replaced 

either.

Why #4 Why #5

Basket crashes, where baskets collide with the edge of tanks, causing significant downtime.

Why does the belt 

slip, or the motor 

not function 

correctly?

Because the belts 

stretch under load, 

and the motors begin 

to fail due to operating 

24/7 in a high 

temperature climate.

Whys hasn’t the 

robot arm stopped 

in the right 

location?

Because the drive belt 

has slipped, or the 

motor is not 

functioning correctly.

Why do they clip the 

edge of a tank?

Because the robot 

arm hasn't stopped in 

the correct location to 

lower the basket into 

the tank.

Why are baskets 

crashing?

Because they clip the 

edge of a tank when 

the robot arm 

attempts to lower the 

basket into a tank.

Current Status

Stu Jones Team Members NA

5 Whys Root Cause Analysis

Ask why five 

times to find the 

root cause of the 

problem:

Why #1 Why #2 Why #3

22/03/2023


image12.png
Sources of drive problems

Improper belt storage
mrdlivndnslg DU

Improper belt or

pulley installation (p Defective drive

2 components




image13.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




