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Introduction.

The Orthopaedic implant industry was valued at $46billion in 2018. This industry is highly competitive with Zimmer-Biomet being one of the largest and most profitable in the world. Zimmer Biomet innovations help treat disorders of, or injuries to, the bones, joints, and supporting soft tissues.
 To remain financially competitive within this market, patient safety and quality of product is at the forefront of business culture. At Zimmer Biomet Bridgend, we are no different; we must ensure we react to real time problems, methodically and effectively with the use of proven quality techniques to eliminate defects and waste to avoid financial implications.
This report details steps taken to investigate a problem where scrap rates increased above the trigger point, the purpose of the task was to investigate the issue and gather as much data as possible. This data was analysed to understand the root cause and ensure purposeful actions were made based of factual evidence.
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Problem statement.
Trigger point exceeded for product scrapped against code: ‘Failed Gauge’
During the weekly scrap meeting held on the 27th of January 2020 it was highlighted that the trigger point for the Scrap code ‘Failed Gauge’ had spiked above normal levels. 

Immediate action required to determine root cause and corrective actions.






















Investigation.

Pareto analysis.

Pareto chart of all product scrapped against ‘Failed Gauge’ for the previous week.


The Pareto chart helped us reach a consensus that the G7 product, mainly G7 PPS should be focussed on due to its contribution of 90% of defects against the scrap code, Failed Gauge.


Scrapped parts review.
Whilst reviewing the scrapped parts, all parts had failed the plug gauge, but a percentage of parts were still passing the thread gauge. Action from the review was to initiate a gauge/tap audit to ensure all were within spec and free from damage. 
[image: ]


Gauge & Tap audit.

All plug gauges within the process were measured to check for any wear. All gauges were within tolerance. However, one gauge BG 1130 was on min tolerance on the NOGO and this gauge was removed and replaced with a new gauge.
Results tabled below.

	Plug Gauge GO/NOGO (8.280/8.382)

	 
	
	
	
	NOGO
	Tolerance
	Spec Limit
	Result
	GO
	Tolerance
	Spec Limit
	Result

	 
	ID number
	location 
	8.382
	min 0.006
	8.376
	NOGO
	8.280
	plus 0.013
	8.293
	GO

	1
	BG
	1177
	Porous
	 
	 
	 
	8.379
	 
	 
	 
	8.292

	2
	BG
	1176
	Porous
	 
	 
	 
	8.381
	 
	 
	 
	8.289

	3
	BG
	1175
	Porous
	 
	 
	 
	8.378
	 
	 
	 
	8.291

	4
	BG
	1174
	Porous
	 
	 
	
	8.379
	
	 
	 
	8.292

	5
	BG
	1173
	Porous
	 
	 
	 
	8.380
	 
	 
	 
	8.292

	6
	BG
	1172
	Machining
	 
	 
	 
	8.381
	 
	 
	 
	8.289

	7
	BG
	1171
	Machining
	 
	 
	 
	8.378
	 
	 
	 
	8.291

	8
	BG
	1165
	Machining
	 
	 
	 
	8.379
	 
	 
	 
	8.289

	9
	BG
	1110
	Machining
	 
	 
	 
	8.377
	 
	 
	 
	8.286

	10
	BG
	1135
	Inspection
	 
	 
	 
	8.379
	 
	 
	 
	8.291

	11
	BG
	1112
	Inspection
	 
	 
	 
	8.377
	 
	 
	 
	8.292

	12
	BG
	1134
	Inspection
	 
	 
	 
	8.379
	 
	 
	 
	8.291

	13
	BG
	1130
	Inspection
	 
	Bottom limit
	 
	8.376
	
	 
	 
	8.289




No visual damage could be found on any Gauge or taps within the machining cell; however, a damaged tap was located at the Out of Cell finishing area of the Porous Coating cell. Initial thoughts led us to believe this was the root cause of the plug gauge failures.

Matters Arising:-
· What is wrong? – Shells Apex hole threads found to be failing the gauge. (Parts pass thread gauge test but fail plug gauge test)
· Why is it happening? – Initial thoughts are that a damaged tap is being used to re-thread holes at Out of Cell, further trials required to understand where in the process the core diameter of the apex hole is being increased.
· Since when? – Discovered on day shift of 27.01.20 – initial investigation traced damaged shells back as far as 24.01.20
· Where is it happening? – Thought to be happening in Out of Cell - Porous coating.
· How many? – Appears to be happening at random – 8 batches held at this time
· Who discovered it? – Issue was flagged during scrap review meeting.
Actions:-
· Map the process to identify where in the process damage could occur to the core diameter of the Apex hole.
· Meeting with Machine Operators.
· Complete comparison test with new vs damaged Tap.




Process Mapping.

A process map of the G7 PPS shell was created to identify areas within the process where the Apical hole thread is used and could potentially affect the core diameter.
Process mapped below with areas of risk identified at each step.


· Initial root cause consensus is that damage occurred through using a damaged tap to re-thread at the Trim stage (orange above)
· However, a number of other steps within the process can put the thread at risk.
· Point of note. Parts going through ‘water jet’ rework process (removal of Porous coat) could be re-tapped on multiple occasions after being re-coated.

Machine Operator meeting.

Discussions with machine operators have determined that when machining, the Apical holes are threaded to the bottom tolerance (and is slightly tapered). This leads to the thread feeling tight when checked with our standard 3/8th -24 UNF – 2B gauge (which is parallel – NOT tapered). The operators then feel the need to re-tap the holes using a standard 3/8th -24 UNF – 2B tap (which is parallel – NOT tapered). This leaves the hole opened up to closer to our top tolerance limit.
The same scenario can be caused by use of any tools within the process that require the use of the Apical hole thread i.e. Machine pots, Blasting shields, extraction tools, CMM fixtures. These tasks are detailed within the process map above.
The reason for the taper within the Apical hole Thread is to ensure the plugs lock off at the end of tightening down. However, the insertion tool used by the surgeon (which also goes into this hole) is known to have a standard parallel thread.
During discussions, machine operators also noted that there are two de-burring tools available within the area but only one is specified on the work Instructions. If burrs are removed, the thread gauge will not pass freely, hence the reason to having to re-tap. Operators are reluctant to use both, without it being stated on the WI operators would be out of compliance and breach of procedure.
[image: ]The one stated in the work instruction does not always remove the burrs, whereas when used in conjunction with the new tool, burrs are removed more efficiently and do not require tapping. (See below)
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Tap comparison study.

The results of the comparison test showed us that the damaged tap was not the root cause; in fact, the new tap removed more material and caused parts to fail. The damaged tap did not cause any of the six parts to fall out of specification.
Results tabled below.

[image: ]

[image: C:\Users\colmantm.BIOMET\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\AP59FNN8\IMG_3512.jpg]The act of re-tapping the hole appears to remove sufficient material from the tips of the thread to open up the hole enough for the plug gauge to pass through while sufficient thread is still present for the thread gauge to pass. See diagram.






Further analysis of the Apex hole diameter was conducted. The purpose of this study was to understand how much each step of the process is effecting the core diameter when parts are not re-tapped.
Details of the task stated below.
**Ensuring throughout this trial that shells were NOT re-tapped between operations** 
**Operators were instructed to inform Supervision of any thread gauge tightness or failures, but on no account to be re-tapped**
1. At Op#1 Machining. Measure thread diameter of 5 batches of G7 PPS shells. (Record Machine Identity)
2. Retain 5 batches of PPS – and place each shell into a numbered bag (1-12 per batch)
3. Measure thread diameter of the 5 batches of PPS after each process step where thread is utilised.
4. Then on completion of the Out of Cell (OOC) operation the 5 batches were hand re-tapped by the Process Engineer and then the thread diameter measured for a final time.

Apex Hole Analysis – 50mm Diameter PPS (Batch No. 6223442)
Go No-Go Gauge Tolerance (8.280-8.382mm)
Data from one batch (MHR # 6223442) which had the core diameters measured by micrometre after each stage of manufacture. Then following completion of the OOC step, and after no requirements to re-tap throughout the process, the shells were hand tapped and the core diameter measured once more. 
Data collection and analysis results below.
	#
	1st Op
	Blast
	2nd op
	Trim
	OOC
	After tapping

	1
	8.316
	8.316
	8.313
	8.302
	8.310
	8.337

	2
	8.311
	8.318
	8.319
	8.316
	8.322
	8.340

	3
	8.301
	8.309
	8.319
	8.318
	8.319
	8.353

	4
	8.306
	8.302
	8.310
	8.315
	8.312
	8.359

	5
	8.300
	8.297
	8.314
	8.325
	8.314
	8.317

	6
	8.307
	8.303
	8.320
	8.310
	8.317
	8.305

	7
	8.300
	8.305
	8.319
	8.312
	8.323
	8.318

	8
	8.301
	8.301
	8.318
	8.316
	8.316
	8.318

	9
	8.304
	8.331
	8.308
	8.335
	8.317
	8.321

	10
	8.299
	8.304
	8.311
	8.315
	8.313
	8.311

	11
	8.312
	8.312
	8.305
	8.325
	8.320
	8.327

	12
	8.316
	8.316
	8.307
	8.309
	8.304
	8.311



Check data for normality:
· P- Value >0.05 = Normal data
· P- Value <0.05 = Non Normal data













To better compare the distributions against one-another a Box Plot was performed. 
· Note that the centre line in each box is the MEDIAN the crossed circle is the MEAN.

Boxplot indicating there is a greater variation in core diameter following tapping. However the dimensions are still within the USL-LSL and there are no outliers
Boxplot indicating that the starting core diameter is close to the LSL

To test for any significant difference between “After Tapping” and the other five stages of manufacture, a Two Way Anova Hypothesis test was carried out.
· Null Hypothesis = “There is no difference between the average core diameters”
· “If the p is low, the null must go!”

One-way ANOVA: 1st Op, Blast, 2nd op, Trim, OOC, After tapping We can state with 100% confidence that there is a difference in the average core diameters at each stage


Source  DF         SS         MS     F      P
Factor   5  0.0029254  0.0005851  6.27  0.000
Error   66  0.0061577  0.0000933
Total   71  0.0090831

S = 0.009659   R-Sq = 32.21%   R-Sq(adj) = 27.07%


                                     Individual 95% CIs For Mean Based on
                                     Pooled StDev
Level           N     Mean    StDev  ----+---------+---------+---------+-----
1st Op         12  8.30608  0.00630  (------*------)
Blast          12  8.30950  0.00955      (------*------)
2nd op         12  8.31358  0.00537           (------*------)
Trim           12  8.31650  0.00865               (------*------)
OOC            12  8.31558  0.00538              (-----*------)
After tapping  12  8.32642  0.01721                           (------*------)
                                     ----+---------+---------+---------+-----
                                       8.3040    8.3120    8.3200    8.3280

Pooled StDev = 0.00966

After tapping is the measurement with the average that is “most different” and is likely to have caused the 0.000 result







· Re-run the test leaving out “After Tapping” to see if there are significant differences between any of the other manufacturing steps.

One-way ANOVA: 1st Op, Blast, 2nd op, Trim, OOC  
We can state that there is no statistical difference in the average core diameters at each of the first 5 stages

Source  DF         SS         MS     F      P
Factor   4  0.0009185  0.0002296  4.36  0.004
Error   55  0.0028988  0.0000527
Total   59  0.0038173

S = 0.007260   R-Sq = 24.06%   R-Sq(adj) = 18.54%


                              Individual 95% CIs For Mean Based on
                              Pooled StDev
Level    N     Mean    StDev  ------+---------+---------+---------+---
1st Op  12  8.30608  0.00630  (-------*--------)
Blast   12  8.30950  0.00955         (-------*-------)
2nd op  12  8.31358  0.00537                 (-------*--------)
Trim    12  8.31650  0.00865                       (-------*-------)
OOC     12  8.31558  0.00538                     (-------*--------)
                              ------+---------+---------+---------+---
                                  8.3050    8.3100    8.3150    8.3200

Pooled StDev = 0.00726

Conclusion reached from the above analysis is that hand re-tapping can significantly increase the core diameter of the apical hole.
Suggestions came from this study to remove all Taps from the porous coating area and replace them with thread chasers. It is inevitable that debris ingress will enter the thread during the Porous coating process; tools are required to remove any debris, thus enabling thread gauge to pass freely.
Initial trials were extremely positive and showed thread chasers removed debris enough for the gauge to pass but also minimal movement to the core diameter of the Apex hole.
The specifically designed thread chaser was manufactured within our tool room. Example below.
[image: ]







Risk assessment
End user risk.
A risk assessment was carried out to understand risk to patient safety.
There is no risk posed to end user. Sufficient checks are in place within the process to capture all failed Apex hole.
QBCMM & QB Final Inspection are both required to check the plug and thread gauges of 100% of parts, both of these inspection steps are after any use of re-tapping.
Random batches post Porous were checked and all product checked passed both gauge checks.
PFMEA
PFMEA0047 was checked to identify and evaluate the risk of this problem. The PFMEA only stated high-level coverage of plugs fitting apical holes. The PFMEA required updating immediately to evaluate the severity, occurrence and detection.








Root Cause analysis
During a team meeting and with information taken from daily meetings the 5 why’s technique was used to understand the cause-and-effect relationships of the failed gauge issue. The primary objective of this exercise was to determine the root cause of the gauge failing.

From the previous studies completed, we can be sure that re-tapping the threads will remove material causing the core diameter to increase; the 5 why’s technique showed us all possible factors that cause us to have to re-tap the thread.

[image: ]

Action plan/Corrective actions
A number of actions and recommendations were suggested from the investigation and root cause analysis. Each action will allow scrap levels to decrease immediately and ensure the process is far more efficient and cost effective.
All actions are detailed below and were implemented immediately.
1. Update PFMEA0047 to evaluate the severity, occurrence and detection of this issue.
2. Update and correct machining Work instruction and schedules to specify both de-burring tools. Retrain all ops against this task.
3. Remove all taps from the Porous coating cell and replace with thread chasers. Update Work Instruction to satisfy change.
4. Create Quality Alert to ensure re-tapping is NOT permitted within the Porous coat area. Train out to all Operators within area.
5. Remove any worn blasting masks. 
6. Implement KANBAN system of blast masks and audit area weekly.
7. Lead weekly meetings and trend data to understand if process improvements have reduced scrap rates.
8. Organise lessons learnt meeting for future improvement projects.
The overall project was a great success and identified a number of factors that would cause the core diameter to increase and eventually lead to scrap.
Due to Covid-19 the Manufacture of G7 PPS ceased for the month of April and May due to a decrease in demand. The decrease is a direct consequence of the cancellation of all elective surgeries. Initial studies have shown that the corrective actions put in place have eliminated the issue. Further analysis is required when manufacturing re-commences.
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