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Foreword

Heat sealing processes, as described in this example, use equipment to seal plastic pouches which perform as vapor barriers for medical devices. Seal integrity is crucial for maintenance of the low humidity in the bag. Testing of seal integrity is usually destructive testing, and the process therefore is a special process which requires validation.

This set of documents is presented only to give a simple and brief example of the nature of a process validation. The heat seal process described should not be considered a model for all heat seal validations. Additionally, this example may be modified according to different quality management systems, documentation methods, and cultures of regions and/or countries which use this guidance.

There are many other circumstances and variables that might be considered when validating an actual heat seal process. This example uses only three simple input variables: time, temperature and pressure. There may be many more input variables, such as operator training, material thickness, and melt indexes of the plastic pouches. Additionally, all the details surrounding the rationale for specific sample sizes, control limits, etc., are not given. 
Process Validation Protocol

PVP 98-101

Title: Heat Sealer Validation

Products to be covered: Gizmos – P/N 12345 through 12789

Equipment/Process to be validated:

· Acme Model xyz Heat Sealer

· ABC Manufacturing Equipment Register: MER 98-1248
· Heat Sealing Process: SOP 20-12-14

Process/Product Change Control Number: PPCN 98-364

Objective:

ABC Medical Device Company purchased a new heat sealer to increase capacity, improve process flow, and reduce setup time. The heat sealer will be validated to assure it performs with existing vapor barrier pouch materials and existing process procedure SOP 20-12-14. SOP 20-12-14 identifies a design requirement for seal strength of 2 to 4 kg and a target of 3 kg. The most difficult pouches to seal are the smallest (PN 96-122) and the largest (PN 88-010). The target process capability is a Cpk of >1.

Reference Documents:

· Heat Seal Process Procedure, SOP 20-12-14
· Statistical Methodologies, SOP 3-8-51, SOP 3-9-12, and SOP 3-13-81
· Master Device Records, Codes 12345 through 12789
· Manufacturing Equipment Register, MER 98-1248
· Acme Model xyz Heat Sealer Operating Manual
· Process Validation Master Plan: PVP-98001
· Lab Processes and Calibration: SOP 9-2-5
· Production Processes and Calibration: SOP 20-1-2
· Clean Room Procedures: SOP 1-12-77

Validation Plan
The Acme Model xyz Heat Sealer will be subjected to the Installation Qualification, Operational Qualification, and Performance Qualification procedures outlined in the Master Validation Plan: PVP-98001. Statistical methods in SOP 3-8-51, SOP 3-9-12, and SOP 3-13-81will be used as appropriate.

Installation Qualification

The Installation Qualification will utilize the heat sealer operating manual to define requirements for electrical and air pressure requirements. The heat sealer will be installed, checked and calibrated in Clean Room 3 during a weekend, before the weekend scrub-down. Particular attention will be paid to the exhaust of pressurized air into the clean room, so that the requirement for integrity of the environment is not compromised. A checklist of requirements will be completed and results approved.

Operational Qualification

Operational Qualification will be completed in three phases. First, during production down time, the heat sealer will be subjected to an initial burn-in to observe the stability of the measurements of clamp closure time, temperature build and pressures. Pouches will be sealed, but detailed assessments of seal integrity will not be completed. Data for clamp closure time, temperature build, and pressures will be recorded. Variations in these measures will be subjected to a screening experiment (SOP 3-8-51) to determine possible worst case situations and the risk of weak seals or overburning of the pouches. Initial optimal heat seal settings will also be established.

The second phase of operational qualification will center the process and determine initial process capability. The process will be conducted off line, but during production, in the clean room and with production personnel. Production personnel will be trained on the use of the new heat sealer. Heat seals will be completed for pouches PN 96-122 and PN 88-010. Heat sealer settings for the time, temperature and pressure will be used which were determined to be optimal during the initial phase of operational qualification. Accelerated sampling plan 1-A from SOP 3-9-12 will be used and the results control charted. The seal strength target result will be 3 kg and the variation monitored. The number of runs, samples and evaluations will continue until it is determined that the Cpk is >1 per SOP 3-13-81. Optimal heat sealer settings will be determined for the next phase.

The third phase of operational qualification will determine the sensitivity of the process to variations in time, temperature and pressure. The normal production process will be used. Production personnel will be trained on the use of the new heat sealer. Worst case combinations of time, temperature and pressure will be evaluated. Runs will be completed 1) with the optimal settings, 2) with a short dwell time, low temperature and low pressure; and 3) long dwell time, high temperature and high pressure. Action levels for adjustment of the heat sealer will be determined as a result of this phase.

Performance Qualification
Performance Qualification will commence after satisfactory completion of operational qualification. Optimal settings for the heat sealer will be used and the heat seal action levels for adjustment of time, temperature and pressure will be used. Accelerated sampling plan 2-C from SOP 3-9-12 will be used and the results evaluated using a control chart. Variations in seal strength will be investigated and root causes determined. When process stability is demonstrated, and the process variation demonstrates a value of Cpk  > 1 per SOP 3-13-81, the process will be considered validated and SOP 20-12-14 will be used to control the process.

Inspection, testing, & Measuring Equipment:
· Stopwatch, Process Development Lab, Calibrated per SOP 9-2-5
· Remote IR Thermometer RST-12, Process Development Lab, Calibrated per SOP 9-2-5
· Pressure gauge, 0 – 500kPa, Process Development Lab, Calibrated per SOP 9-2-5
· VAR meter, ID 683, Process Development Lab, Calibrated per SOP 9-2-5
· Heat Seal Pull Tester, PE 8167, Production, Calibrated per SOP 20-1-2

Equipment Maintenance
During validation, the heat sealer will be maintained in accordance with the Acme Model xyz Heat Sealer Operating Manual. Upon completion of the validation, Manufacturing Equipment Register, MER 98-1248 will be updated to include maintenance and calibration of the heat sealer.

Revalidation
Upon completion of the validation, the Process Validation Master Plan: PVP-98001 will be updated to include the heat sealer in the master validation schedule.
Installation Qualification Results

PVP 98-101

Installation Checklist
Requirements were established from the heat sealer operating manual, clean room procedures (SOP 1-12-77), and heat seal process procedure (SOP 20-12-14).
	Requirement
	Source
	Status

	Electrical supply
	heat sealer operating manual
	conforms

	Air pressure
	heat sealer operating manual
	conforms

	Ergonomic positioning
	Ergonomic positioning
	conforms

	Spare parts
	heat sealer operating manual & SOP 20-12-14
	conforms

	Clean air exhaust
	SOP 1-12-77
	conforms

	Cleanability around equipment
	SOP 1-12-77
	conforms

	Accessibility for maintenance
	SOP 20-12-14
	conforms

	Capability for sizes of pouches
	SOP 20-12-14
	conforms


Initial Burn-in
The heat sealer operated as described in the heat sealer operating manual and as required by SOP 20-12-14.

Calibration
All gauges and measuring devices on the heat sealer were calibrated in accordance SOP 20-1-2.

Lab Notebook Reference
Quality Engineering Lab Notebook, JWS, 98-4, pages 46 – 62.

Issues and Comments
· No new issues were identified.
· The environmental challenge of the air exhaust was met by adding an oil based air filter to the exhaust line of the heat sealer. The particulate matter was monitored per SOP 9-15-84 and no changes from normal levels were detected.
· The heat sealer installation was successful.

Operational Qualification Results

PVP 98-101

Phase One

Clamp closure time, temperature, and pressures were measured over a four-hour period with initial heat seal settings for time, temperature, and pressure. Control charts were completed as follows:




From this analysis, it is apparent that the temperature is the most variable within the lower and upper limits for temperature. Also, temperatures were under the limit for the first fifteen to twenty minutes, as the sealer requires this time to warm up. This screening experiment demonstrated that temperature might be the primary factor influencing heat seal integrity.

Initial optimal heat sealer settings were established: temperature controller setting of 7.5, closure time setting of 1.5 seconds and pressure setting of 325 kPa.

Phase Two

A Full Factorial Designed Experiment was conducted to determine the effects of key inputs on seal strength. Variations in settings were used and the resultant seal strength for ten pouches was calculated. The following table summarizes the results:

	Run #
Pouch Size
Time
Temperature
Pressure
Seal Strength

	
1
Small
1.0
150
300
Average 2.1, 6( 1.2

	
2
Large
1.0
150
300
Average 2.3, 6( 1.8

	
3
Small
1.5
150
300
Average 2.2, 6( 1.6

	
4
Large
1.5
150
300
Average 2.5, 6( 1.3

	
5
Small
2.0
150
300
Average 2.4, 6( 1.5

	
6
Large
2.0
150
300
Average 2.8, 6( 1.0

	
7
Small
1.0
160
300
Average 3.0, 6( 0.4

	
8
Large
1.0
160
300
Average 3.1, 6( 0.6

	
9
Small
1.5
160
300
Average 3.3, 6( 0.5

	
10
Large
1.5
160
300
Average 3.4, 6( 0.6

	
11
Small
2.0
160
300
Average 2.9, 6( 0.3

	
12
Large
2.0
160
300
Average 2.8, 6( 0.4

	
13
Small
1.0
170
300
Average 3.1, 6( 0.6

	
14
Large
1.0
170
300
Average 3.2, 6( 0.5

	
15
Small
1.5
170
300
Average 2.7, 6( 0.6

	
16
Large
1.5
170
300
Average 2.9, 6( 0.4

	
17
Small
2.0
170
300
Average 2.8, 6( 0.6

	
18
Large
2.0
170
300
Average 3.0, 6( 0.7

	
19
Small
1.0
150
325
Average 2.2, 6( 1.7

	
20
Large
1.0
150
325
Average 2.3, 6( 1.5

	
21
Small
1.5
150
325
Average 2.2, 6( 1.3

	
22
Large
1.5
150
325
Average 2.5, 6( 1.4

	
23
Small
2.0
150
325
Average 2.4, 6( 1.7

	
24
Large
2.0
150
325
Average 2.8, 6( 1.2

	
25
Small
1.0
160
325
Average 3.0, 6( 0.3

	
26
Large
1.0
160
325
Average 3.1, 6( 0.5

	
27
Small
1.5
160
325
Average 3.3, 6( 0.4

	
28
Large
1.5
160
325
Average 3.4, 6( 0.3

	
29
Small
2.0
160
325
Average 2.9, 6( 0.2

	
30
Large
2.0
160
325
Average 2.8, 6( 0.3

	
31
Small
1.0
170
325
Average 3.1, 6( 0.5

	
32
Large
1.0
170
325
Average 3.2, 6( 0.4

	
38
Large
1.0
150
350
Average 2.3, 6( 1.8

	
39
Small
1.5
150
350
Average 2.2, 6( 1.6

	
40
Large
1.5
150
350
Average 2.5, 6( 1.3

	
41
Small
2.0
150
350
Average 2.4, 6( 1.5

	
42
Large
2.0
150
350
Average 2.8, 6( 1.0

	
43
Small
1.0
160
350
Average 3.0, 6( 0.4

	
44
Large
1.0
160
350
Average 3.1, 6( 0.6

	
45
Small
1.5
160
350
Average 3.3, 6( 0.5

	
46
Large
1.5
160
350
Average 3.4, 6( 0.6

	
47
Small
2.0
160
350
Average 2.9, 6( 0.3

	
48
Large
2.0
160
350
Average 2.8, 6( 0.4

	
49
Small
1.0
170
350
Average 3.1, 6( 0.6

	
50
Large
1.0
170
350
Average 3.2, 6( 0.5

	
51
Small
1.5
170
350
Average 2.7, 6( 0.6

	
52
Large
1.5
170
350
Average 2.9, 6( 0.4

	
53
Small
2.0
170
350
Average 2.8, 6( 0.6

	
54
Large
2.0
170
350
Average 3.0, 6( 0.7


Based on these results, it is apparent that the lower temperature limit of 150° C will result in unacceptable variations in seal strength (overall average of 2.38 kg, 6( of 1.42). Variations in time and pressure within specified limits have little to do with seal strength. 
An additional 18 runs were repeated with a lower temperature limit of 155° C and variations of pouch size, time, and pressure similar to the first 54 runs. The data is not included in this report, but is available in the lab notebook referenced below. The results of these runs demonstrated an overall average of 2.92 kg, 6( of 0.5. The Cpk for these runs had a value of 1.8. Optimal heat sealer settings were determined to be a temperature controller setting of 8.2, a time of 1.5 seconds, and pressure of 325 kPa.

Phase Three 

Normal production processes were used to seal pouches with product and heat sealer settings:
1) Optimal levels; 
2) Low temperature, low pressure and short time; and 
3) High temperature, high pressure, and long time. 
190 products were produced at each combination of settings.

Results
The run with optimal levels resulted in an average seal strength of 3.08 kg, 6( of 0.3, the run with low settings resulted in an average seal strength of 2.8 kg, 6( of 0.5, and the run with high settings resulted in an average seal strength of 2.9 kg, 6( of 0.6.

Lab Notebook Reference

Quality Engineering Lab Notebook, JWS, 98-4, pages 63-98.

Issues and Comments
· Temperature is the input that transmits the most variation to the heat sealing process. The lower limit of temperature was adjusted to 155° C from 150° C.
· The heat sealer must have a warm-up time period of at least twenty minutes with normal cycling to have stable temperature control.
· Based on these results, when the process is run within input limits, the seal strength target of 3.0 kg should be met with a Cpk of 1.8 per SOP 3-13-81. Initial action levels for adjustment of the heat sealer should be seal strengths of 2.6 kg and 3.2 kg, which should be 3( variation from the average of 2.9 during operational qualification.
· The heat sealer Operational Qualification was successful.

Performance Qualification Results

PVP 98-101

Normal production of codes 12345 and 12789 were run utilizing pouches PN 96-122 and PN 88-010. Optimal heat sealer settings were used. The heat sealer was allowed to warm-up with normal cycling for one half-hour prior to use. A week of production was completed for each code. Accelerated sampling plan 2-C from SOP 3-9-12 was used and the results entered on a control chart. Following is a typical control chart:


The resultant Cpk was 1.75 for the overall process during this performance qualification. The comparison of the Cpk results for each day demonstrated that the process was both stable and capable. The following Cpk values were calculated:



PN 96-122: 1.8, 1.9, 1.7, 1.6, 1.7;  



PN 88-010: 1.6, 1.8, 1.7, 1.9, 2.0.

The centering of results about the target was very close: overall average seal strength was 2.93 kg with a target of 3.0 kg

The action levels were never reached, and therefore no adjustments were made and no root causes identified.

Lab Notebook Reference
Quality Engineering Lab Notebook, JWS, 99-1, pages 1 – 48.

Issues and Comments
· The process has demonstrated stability and capability.
· The Manufacturing Equipment Register, MER 98-1248, has been updated to include maintenance and calibration of the new heat sealer.
· The Process Validation Master Plan, PVP-98001 has been updated to include the new heat sealer in the revalidation program.
· The Heat Seal Process Procedure, SOP 20-12-14, has been updated to include the new heat sealer and the revised operating procedure for temperature warm-up and lower temperature control limit has been changed from 150° C to 155° C.
· All production and QA employees have been trained and the training schedule in SOP 20-12-14 has been revised accordingly.
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Action Level 3.2 kg





Action Level 2.6 kg
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