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Process: 7.1.5  Monitoring and Measuring Resources
Process Owner: Quality Management
Process Description: The establishment and maintenance of resources needed to ensure valid and reliable results when monitoring, measuring or providing accredited calibration of our products.  
Process Inputs: Standard (s) requirements: ISO9001, ISO17025, AS9100, ANSI-Z540.3, ATEX114, IEC80079-34, 2011/65/EU, 10CFR21 and 10CFR50 Appendix B, Accreditation Body requirements.

Process Measurements: Internal and External audit results, customer complaints, calibration business volume, reliability reporting and proficiency testing results.
Output / Records: Audit files, customer complaints, policy deployment documented information, management review meeting minutes (QA139), reliability reports and calibration recall system records.  

Responsibilities:


1.
Quality Assurance Management, Calibration Manager, Technical Director and Calibration System Leader have the responsibility to maintain this procedure.


2.
The Quality Assurance department Calibration Technicians have the responsibility to effectively carry out this procedure.fillin "Enter who is responsible for carrying out this procedure:"
7.1.5  Monitoring and Measuring Resources
7.1.5.1  1) The Quality Assurance Department has implemented and maintains resources required for ensuring valid and reliable monitoring and measuring results verifying the conformity of our products and services.  The resources provided are suitable for the specific monitoring or measurement activity undertaken and are maintained to ensure their continued fitness for use. 



Contracts that require special calibration or verification testing requirements beyond the ISO17025 Scope of Calibration are forwarded by sales staff to the Quality Assurance Manager and/or Calibration System Leader and/or Calibration Manager for review.  Quality Assurance department and Calibration Manager are responsible for taking or directing any appropriate action required.

2) Calibration personnel are adequately supervised and a calibration hierarchy organizational chart (TC028) is maintained through the TCS document control system.  Employee calibration training requirements are documented in the Human Resource department employee training database.  

3) PCB routinely recalibrates competitor’s sensors and related products of similar technology.  Product repairs may also be conducted as directed by the customer.  Documented calibration procedures are used.  Comparison may be made to original equipment manufacturer product specification sheet or published marketing literature data for reference purposes.  Calibrations performed and found to be within specification requirements are returned to customer with supporting certification and calibration data.  Calibrations determined to be out of specification requirements are returned to the customer with information identifying the product condition and/or are identified as calibrated “as is”.

4) Calibration and Test equipment subject to the provisions of this clause are entered into the Calibration System Database - CSD (Fluke System Software) in accordance with Control of Inspection, Measurement and Test Equipment procedure QC1025 and QC1017 Hand Tool Calibration.  The CSD and supporting documentation maintains a register of all monitoring and measurement devices.  The CSD and/or documented equipment calibration procedures and/or Acceptance Test (AT’s) contain information defining calibration methods and acceptance criteria.  

5) The initiator, approver or end user of any newly purchase or acquired calibration system equipment must advise the Calibration System Leader to determine if the equipment requires entry into the calibration control system.  PCB has implemented a calibration control system that ensures monitoring and measurement equipment is maintained at an accuracy level consistent with product monitoring and measurement requirements. 
The metrological characteristics (which indicate required performance) for any piece of controlled measuring equipment and/or software are confirmed and documented in one of the following places: PCB Product Specification Sheets, Acceptance Test Procedures (ATP’s), Calibration System Database (CSD) Test Procedures or Original Equipment Manufacturer User Manuals.  
6) Job description requirements, training to Firmware/Software Control (EN08) and this procedure are required for conducting the above listed calibration procedures.
Confirmation Procedures

7) Confirmations are performed on calibration equipment according to documented procedures as defined in the CSD.  These include PCB Product Specification, CSD Test Procedure, Acceptance Test (AT) and Original Equipment Manufacturer User’s Manual or written instructions.  These documents are made available to all Quality Assurance Calibration Technicians.  Calibration provides adjustment or re-adjustment as necessary to return equipment to specification.


8) Inspection, measuring and test equipment and associated records will be made accessible to the customer, registrar or accrediting body representative when required to determine conformance with contract requirements.  If conditions warrant, personnel are made available for operation of such devices and for verification of their accuracy and conditions.
  

9) Evidence of fitness for purpose of the monitoring and measuring resource is retained indefinitely in the Calibration System Database (CSD) and supporting equipment records.  
7.1.5.2  Measurement Traceability


10) Measurement traceability is a significant part of our process that provides confidence in the validity of measurement results and of our measuring equipment.  Equipment is calibrated or verified prior to use and then at frequencies defined within our Calibration System Database (CSD).  Measurement standards used are traceable to NIST and other international standards, in the event no such standard exists, the basis used for calibration or verification is retained as controlled documented information.  Equipment contained within the CSD is identified for determining status, is safeguarded from adjustments and/or damage and/or deterioration that may invalidate calibration status and subsequent measurement or verification results.


Monitoring and measuring equipment required for calibration or verification is maintained through the Calibration System Database (CSD).  This database is our register of all monitoring and measuring equipment including equipment type, asset number identification, location, calibration frequency, calibration or verification method and corresponding acceptance criteria.  Monitoring and measuring equipment can include test hardware, test software, automated test equipment (ATE), plotters utilized for verification data, customer supplied equipment and personally owned equipment.

Confirmation Intervals

11) Recommended recalibration intervals for common pieces of equipment are documented on form QC045.  These intervals are based on calendar time.  The actual recalibration interval and rationale for choosing the interval for any piece of equipment is documented in its calibration record in the CSD.


The interval for calibration may be shortened as required to assure continued accuracy as evidenced by the results of preceding calibrations.  The interval of calibration may be lengthened when the results of previous calibrations provide indications that such action will not adversely affect the accuracy of the system.  This is documented in the rationale section of the calibration record in the CSD.  Calibration interval analysis, for each interval type utilized in the CSD, shall meet a minimum 95% reliability goal.  Periodic review is tracked in the CSD.  Data from each interval used is evaluated for % Reliability by reviewing the number of failed calibrations against the total number of calibrations completed during any given period.  Corresponding failed gauge calibration data shall be reviewed by individual gauge number to ensure detection of any negative trends.  The Calibration System Leader and Quality Assurance Manager are responsible for conducting the evaluations including maintenance and storage of supporting reliability review records.


Inspection, measuring and test equipment utilized as backup to the in-house standards may have a calibration interval different from the standard.
Confirmation System

12) To ensure that critical pieces of measuring equipment perform as intended between formal calibration intervals, checking measurements are obtained.  Detailed verification tests are documented in Transducer Calibration and Electrical Calibration department procedures.  This data is used for estimating the uncertainty of the test equipment.


Each item of measuring equipment is designated an authorized officer at the time of entry into the CSD according to QC1025.


For confirmations that are performed by outside sources see section 15.  


In the event a measurement uncertainty value is not realized, the error attributable to calibration shall be no more than one quarter of the permissible error (4:1 ratio) of the confirmed equipment when used as defined in section 7.


All personnel (Production and Inspection) are responsible for monitoring the equipment in their particular area and for insuring that the equipment is in the calibration recall system (calibration label) and that status is current. This is conducted through use of periodic checklist reviews.

Personally owned equipment such as micrometers and indicators that are used directly to disposition product; are inspected and calibrated the same as for company equipment.

Inspection, measuring and test equipment found to be out of tolerance is handled according to paragraph 21.
Confirmation 

13) Measuring equipment is clearly labeled to enable calibration status to be determined.  Label information includes next confirmation date, authorized calibration technician, equipment identification number and current confirmation date.


Required inspection, measurement and test equipment label options are specified as follows.  In the event any other label is detected, the calibration technician shall update in accordance with one of the three required options indicated.

13.1) Standard Calibration label: Supports calibration equipment recall system and CSD by tracking the equipment identification number, date of calibration, calibration due date and calibration technician identification.  Required for equipment that directly dispositions product or process parameters whereby the equipment output or measurement value is used directly.
13.2) “For Reference Only”: For equipment that is not used as a direct measurement value source since the equipment measurement value itself is always superseded by other calibrated equipment (e.g. Power Amplifier, Shaker unit, Breakout Box, Computer hardware that runs a software program).
13.3) “No Calibration Required”: For equipment that does not require calibration as directed to Calibration System Leader by Quality Assurance Manager and/or PCB management team (e.g. Spot Welder controls, ultrasonic cleaner without heat source). 

Inspection, measuring and test equipment that is not calibrated to the full capacity, or scale, is labeled with Limited Use parameters to ensure safe and/or effective operation by employees.  The equipment will have the Standard Calibration Label and an additional Limited Calibration label.  There will also be a documented notification accompanying the equipment specifying the limited parameter(s) and their associated values as flow-down of information to end user.    

Equipment within the calibration recall system is verified by the calibration technician for labeling accuracy at each calibration interval.  Internal Auditing process (QAM 9.2, QA03); External Audits; Certified Technician Program (CTP – QA17) and periodic checklist reviews conducted by manufacturing supervisors and technicians; are methods used to continually monitor use of “For Reference Only” and “No Calibration Required” labeling after initial application.  Records of such reviews are maintained.  Equipment that is required to be entered into the calibration recall system (CSD) and is detected without any label is handled as nonconforming measuring equipment (see section 21) whereby a QC050 form shall be issued by the calibration technician.

Sealing for Integrity

14) Tamper Proof Seals are used to safeguard against adjustment or modification of calibration system measuring equipment whose settings affect performance (the recommendation for the use of tamper proof seals on common pieces of equipment is found in QC1025).  The requirement for seals is made by the Calibration System Leader and is recorded in the calibration record of the CSD.
Equipment found to have a broken seal is processed as nonconforming product per section 21 of this procedure.       Recalibration of nonconforming equipment is required prior to returning to service.

Procurement


15) Upon receipt, gauges or instruments are forwarded to the Calibration System Leader (CSL) with required certification of calibration.  The CSL verifies conformance to purchase order requirements and verifies that accompanying certifications indicate traceability to a national or international standard, or constant of nature.  (The certification indicates the controlled standards have been compared at scheduled intervals with national standards directly or through a controlled system).  

Upon acceptance, the gauges or instruments are recorded in the CSD, assigned a new control number, verified, a PCB calibration status label is applied in addition to the suppliers calibration label (when applicable) and the calibration record in the CSD is generated per procedure QC1025.  The unit is then placed into service.
Reference Standards

16) Reference standards for pressure, force, general vibration, and electronics are subjected to periodic calibrations based on their history, usage, and stability.  All reference standard calibrations are traceable to SI units of measurement.  Calibration/Repair suppliers are required to be accredited per section 18 of this procedure. 

In the event an accredited supplier cannot be obtained, prior approval must be obtained from A2LA before using a proposed non-A2LA accredited calibration supplier.  For equipment supporting PCB’s Scope of Calibration, the Quality System Leader will enter into the CSD a notice stating that a formal review for obtaining accredited calibration must take place for the next calibration interval.  This cycle will continue until accredited calibration is obtained.

Supplier accreditation and approved supplier status is confirmed with each calibration documentation report reviewed upon receipt by the Calibration System Leader.  The Approved Calibration Supplier List is maintained in the Business System Database per purchasing Supplier Approval Process PD01.  All documentation filed and retained indefinitely per Document Index CS002 requirements.

Calibration status of reference standards is verified on an intermediate basis to maintain confidence in our daily calibration of product.

When reference standards are due for calibration, they are handled in the same manner as product manufactured by PCB.  Proper care in handling and transport is considered.  ESD procedure QA1008 is followed to prevent deterioration and to protect unit integrity.
Final Inspection and Testing (Final Calibration): Criteria for Statement of “In-Tolerance” or “Out-of-Tolerance”.

17) Product is compliant with specification if measured value is within or equal to the specification tolerance.  Product is not compliant with specification if measured value falls outside the specification tolerance.  [Also reference Creation of Calibration/Acceptance Test procedure (EN1002) utilized during the design process.]

(Note: ILAC-G8 describes ten cases for measurements in relation to specification limits.  In Cases 1, 6 the measurement falls within the limit formed by the specification narrowed by half the uncertainty interval.  Manufacturing processes are well controlled (large Cpk) such that during final calibration the vast majority of measured values will be Cases 1, 6.  In such cases the confidence level that any particular item complies with the specification will be greater than 97.5%.  Cases 2,7,3,8 describe measurements that fall between the limits of Cases 1, 6 and the product specification.  In such cases the confidence that any particular item complies with product specification is between 50% and 97.5%.  Risk of incorrect statement of product conformity is shared between PCB and the customer.)  If any special conditions, corrections or modifications are required to achieve a more stringent performance specification, it is documented in the notes section of the equipment’s specific CSD calibration record.
18) For Inspection, Measuring and Test Equipment used in direct relation to PCB’s Scope of Calibration, the organization purchases services from American Association of Laboratory Accreditation (A2LA), National Voluntary Laboratory Accreditation Program (NVLAP) or an equivalent national or international standard recognized supplier (reference A2LA Mutually Recognized Agreements, MRA’s, on their website).  If unable to use a recognized supplier, A2LA approval for using such a supplier is first obtained with supporting approval documentation retained in the Approved Calibration Supplier and/or Equipment File.  Purchased supplies are calibrated by a recognized service supplier prior to use.  Purchased materials are traceable to OEM requirements. Minimum requisition and/or PO requirements for calibration service are: Asset Number/Model or Make/ Serial Number, identification of calibration method required, calibration range/work required and reporting in accordance with ISO17025.

For I, M &TE that does not impact product calibration services provided under PCB’s Scope of Calibration, PCB does not require the supplier to be accredited per requirements of this procedure.  Criteria for supplier approval shall consist of, at a minimum, accreditation to ISO9001 or equivalent and/or Quality Assurance Manager approval.

Reference Standards (Definitive High Accuracy) are calibrated at outside sources and are directly traceable to national or international measurement standards or constants of nature.  All reference standards are controlled and stored separately to prevent damage that may adversely affect their accuracy.



Transfer Standards (used to transfer the basic value of the reference standard to lower echelon transfer standards or measuring and test equipment) may be calibrated at PCB or sent to an outside source.



Inspection and/or Measuring Equipment (hardware acceptance) for mechanical measurement may be calibrated internally or sent to an outside source.



Documented evidence, indicating the person attesting to the correctness of the results, exists indicating the chain of traceability.

Environmental Conditions

19) Calibration or verification of our monitoring and measuring equipment is conducted under controlled environmental conditions for temperature and humidity.  Conditions are monitored where calibrations are conducted.  All calibrations shall be conducted in accordance with the following conditions to ensure validity and quality of measurements.   

The environmental condition of Temperature (65 to 80 degrees Fahrenheit) is required and maintained in all manufacturing, calibration, inspection, measurement and testing areas.  The environmental condition of Relative Humidity (maximum 80%) is required and maintained for all calibration activities conducted throughout the facility.  

In the event environmental conditions are exceeded, all calibration(s) conducted since previous known acceptable environmental readings are contained and dispositioned using a Material Disposition Report (MDR – form QA020) in accordance with requirements defined in Control of Supplied Nonconforming Material QA06.

If equipment requires special environmental conditions or calibration under conditions not consistent with those maintained as described above, this information is documented in the item’s Calibration System Database record or supporting calibration data.

Conditions during the confirmation and any corrections that may have been made are recorded in the calibration record in the CSD or with the calibration data.
Storage and Handling
20) Test equipment and standards are handled, stored, and transported in an environment that will not adversely affect their accuracy.  Special requirements are documented in the notes section of the calibration record in the CSD.  Monitoring and measuring equipment maintained through the Calibration System Database (CSD) and found to be either unfit for its intended purpose or the as-found data is determined to be out of tolerance (OOT), A QC050 form is initiated to ensure appropriate action is taken.

Nonconforming Measuring Equipment

21) Inactive equipment or equipment out of calibration is removed from the system and maintained by Calibration System Leader.  End user is responsible for notifying quality assurance department. In the case of large test equipment or where it would be impractical to move, the original Standard Calibration label remains on the equipment and an additional Calibrate Before Use label is also installed.  The end user is responsible for notifying Calibration System Leader prior to when equipment will again be used to facilitate required calibration.  


Inspection, measuring and test equipment found to be damaged, out of tolerance or otherwise nonconforming during calibration is assessed by the Calibration System Leader.  The results of out of tolerance condition analysis and corrective action taken are recorded on the Analysis Report for Equipment Malfunction or OOT Condition (form QC050).  The Quality Assurance Manager, Calibration System Leader or Calibration Manager evaluate the validity of previous measurement results of the equipment and applicable affected product.  The completed QC050 and any supporting information is filed electronically by asset number.  Calibration System Leader initiated corrective action may include notification to customer (see Recall Process QA12) when the out of tolerance equipment may have caused a calibration inaccuracy regarding delivered product.  Internal evaluation of suspect inventory and/or work in process is initiated by Calibration System Leader per Containment Process (TA05).  Significantly out-of-tolerance is defined as not being within published specifications.

Calibration system equipment that is removed from service, removed for periodic calibration, or placed into storage and has been used since previous calibration; must have required calibration performed.  In the event the required calibration is not or cannot be conducted, justification for not performing the calibration shall be recorded in CSD for that asset number.  As-found data shall be evaluated and processed per requirements of this procedure.
Calibration Equipment Internal Recall System (CSD)

22) The recall system requires mandatory recall of equipment at specific intervals.  The system consists of a periodic computer report with the equipment recalibration due dates indicated and other specifics such as corresponding location, identification number, description, model and end user.  When necessary and under specific conditions, the recall system may include provisions for the temporary extension of the calibration due date for a limited period. The Quality Assurance Manager and/or the Calibration System Leader may authorize such extension for such situations (e.g. to complete a test in progress).  Conversely, any calibration interval may be shortened by the Quality Assurance Manager as deemed necessary.  Extended calibration is indicated by the addition of a second Standard Calibration label where the calibration date contains the word “extended” and the calibration due date identifies the newly extended calibration due date.


All calibrations conducted through the calibration system control recall process are calibrated to defined methods or procedures (see section 7).  Inspection, measuring and test equipment is recalled from the departments by the Calibration System Leader and/or Quality Assurance department technicians.
Records

23) Records of manufacturer, model number and serial number are located in the CSD in accordance with QC1025 and maintained according to the Document Index CS002.  Additional information recorded according to QC1025 may include description, confirmation date, calibration results (before and after), recalibration interval, confirmation procedure, measurement uncertainty, source of calibration, environment required, actual test environment, maintenance requirements, maintenance performed, modifications, any limitations in use, technician performing calibration and authorized officer.

Software and Data Storage
24) PCB Piezotronics uses computers and automated systems for the entry, collection, storage, transmission, and processing of calibration data.  PCB ensures the integrity of data by incorporating software that automatically enters and collects measurement results.  When technicians are required to manually input calibration data, adequate training is performed (reference Calibration Certificate procedure TC1018 and Verification of Electrical Calibration Test Systems procedure EC1003).  The network system ensures data protection, transmission and integrity through restrictive access.  Any non-automated calibration data is secured in write-protected areas.  The Computer Services department safeguards all stored data through its Network Servers Back-Up Process CS1005 and File Recovery Process CS1006.  All automated computer software programs are confirmed prior to initial use and subsequent revisions verified per Firmware - Software Control process EN08.  In the event that a customer requests calibration data results electronically, confidentiality notification is indicated on applicable transmission media to ensure proprietary rights are protected. All hardcopy calibration certificates contain confidentiality requirements.


Outside Products and Services

25) The required quality level for outside calibration suppliers is documented in paragraphs: 12, 16 and 18.


Uncertainty of Measurement

26) The measurement uncertainty for in-process and final acceptance test procedures takes into account random and systematic error.  Details of the measurement uncertainty computation for each calibration method is documented in a QC Department level III procedure. The Writing an Uncertainty Budget procedure EN1013 defines the process by which measurement uncertainties are developed and documented.  The Firmware - Software Control process EN08 defines minimum requirements for generating an acceptance test procedure.  Measurement uncertainty for relevant in-house calibration equipment is documented and recorded per Control of Inspection, Measurement and Test Equipment procedure QC1025.

Product certified to ATEX114 (IEC80079-34) – Explosive Atmospheres

27) When technical data pertaining to the inspection, measuring and test equipment is a specified requirement, such data will be made available to the Notified Body by the Authorized Person, for verification that these items are functionally adequate.  



Subcontractors providing calibration services are evaluated on their ability to meet stated requirements (see section 16). 



All applicable sub-contracted calibration certifications are issued by NIST or a nationally accredited body. 



For sub-contracted calibration certificates not issued by NIST or a nationally accredited body (certificate does not bear  

         accreditation logo of a nationally accredited authority), the certification shall contain, at a minimum, all the following 

         information:



-an unambiguous identification of the item calibrated;



-evidence that measurements are traceable to international or national measurement standards;



-the method of calibration;



-a statement of compliance with any relevant specification;



-the calibration results;



-the uncertainty of measurement, where necessary;



-the environmental conditions, where relevant;



-the date of calibration;



-the signature of the person under whose authority the certificate was issued;



-the name and address of issuing organization and the date of the certificate;


       -a unique identification of the calibration certificate.


Note: When the calibration certificate does not bear the accreditation logo of a national authority or does not contain the information listed in section 27, PCB will demonstrate a valid relationship to international or national measurement standards by conducting a documented assessment of the subcontractor to demonstrate a valid relationship to nationally or internationally recognized standards.  This will be conducted by the Calibration System Leader, Quality Assurance Manager and/or Calibration Manager.


ISO17025 Calibration Laboratory System:

28) Identification of Key Laboratory Management Authorities and Their Corresponding Deputies.  In the absence of identified key laboratory management authorities listed below, the corresponding appointed deputies have been authorized to responsibly and competently perform required laboratory duties ensuring continued effective operation of the calibration laboratory.  Laboratory personnel are identified by job description.     

The appointed deputy(s) for the Quality Assurance Manager/Management Representative/Authorized Laboratory Representative is the Calibration Technical Manager.

The appointed deputy(s) for the Calibration Technical Manager are the Automated Test Engineer(s) and/or Department Calibration Supervisor(s). 

Proficiency Testing Program:

29) The Quality Assurance Manager shall submit all completed proficiency test reports to A2LA in accordance with R103 - A2LA General Requirements: Proficiency Testing for ISO/IEC 17025 Laboratories, within thirty business days.  See Proficiency Testing Plan procedure QC1077.

Reference Documents: Acceptance Test Procedures (ATP’s), CS002, QA03, QA06, QA12, QA17, QA020, QA139, QC045, QC050, TA05, CS1005, CS1006, EC1003, EN08, EN1013, QC1008, QC1017, QC1025, QC1077, TC1018, TC028, Equipment Users Manuals, Calibration System Database (CSD).
Unusual Conditions: N/A 
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