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Process: 8.3 Design and Development of Products and Services
Process Owner: Engineering management
Process Description: The Engineering Department has the overall responsibility for translating customer expectations into detailed technical designs, drawings and specifications. This procedure describes the design for six sigma processes utilized to ensure customer specified requirements are met.

Process Inputs: New Model introduction (NMI – SM1008), New Product Launch processes EN11, EN12, EN13, EN14 and EN15, Customer and PCB Piezotronics, Inc product specification and testing requirements.

Process Measurements: Quality Concern Database information relating to design issues, scrap and yield reports, engineering project on time delivery, reliability performance testing, Policy Deployment.

Output / Records: Engineering Project Files, New Model Introduction (NMI-SM1008), New Product Launch (NPL) Metrics, Design Review Records from processes EN11, EN12, EN13, EN14, EN15, Engineering Test Reports, Bill of Materials (BOM), Routers, Detail Drawings and Assembly Procedures.

Responsibilities: 


1.
Engineering is responsible for the accuracy of planning, design, documentation, releasing and organization of documentation in the Engineering Project File.


2.
Engineering Management is responsible for insuring personnel are qualified for design tasks.


3.
Sales & Marketing and Engineering are responsible for working cooperatively to provide project goals and market research.

4.
The Technology Centers / Divisions are responsible to authorize, plan and review all projects that fall within their scope.

Associated Documents: 

ISO9001, AS9100, AS9102, ANSI-Z540.3, ATEX114, IEC80079-34, 2011/65/EU, ISO10012, ISO17025, 14CFR part 21, JAR part 21, EASA part 21, QSM, QAM and 10CFR part 21.
        Design Definitions EN044, Design Practices EN04, New Product Launch for Program product EN11, New Product Launch for New Product Development EN12, New Product Launch for Major Specials EN13, New Product Launch for Minor Specials EN14, New Product Launch for X-Reference product EN15.

8.3) Design and Development of Products and Services
8.3.1) The design and development process defines our method for ensuring effective provision of our products and services.
8.3.2) Design and Development Planning 

1) This planned and controlled process occurs in stages and the stages include strategic and tactical planning for each project.  The detail of these plans and the nature of their input, output, review, duration, verification and validation will vary according to the complexity of the project.  Each Design Center develops a strategic product plan for presentation to the Senior Leadership Team during design reviews and other periodic management meetings.  Technology Center Lead Engineers are responsible for maintaining documented strategic plans to ensure sufficient progress and the updating of project metrics.  Project files are continually evaluated by management to ensure effective project scheduling and timely development of products and services.
2)  Master design and development stages (Engineering Due Date and Delivery Dates) are documented in the New Product Launch (NPL) process with actual dates recorded in the New Model Instruction (NMI). Actual Customer Delivery Dates are documented in the Business System Database (BSD) as the plan changes.  For projects requiring compliance with aerospace (AS9100 and/or FAA) guidelines, a detailed organizational timeline identified within the New Product Launch (NPL) process will be developed.  The NPL documentation defines both significant and mandatory stages in sequence with responsible parties, resources, control of interfaces between persons involved including the customer and/or other interested parties, and expected time required for completion.  Additionally, for supporting configuration management, all parts and processes, including prototypes, will utilize approved and controlled documentation, thereby insuring document revision control.  Configuration Management control is maintained per EN01, Engineering Change Order procedure DD02.  Verification and validation appropriate to each stage of the design and development process is determined by the assigned Project Engineer commensurate with project requirements.  Review of subsequent verification and validation results shall be documented per requirements of this procedure.  Assigned Team Members will record risks identified during the planning stage and evaluate the potential impact through a scoring and ranking system.  Risk abatement actions are developed and rated to reduce the potential impact of identified issues.  Completed and implemented actions are also evaluated to verify effectiveness.  For products requiring airworthiness certification (i.e. 14CFR part 21, JAR part 21, EASA part 21) refer to procedure EN1022 Parts Manufacturer Approval Process.  

3) Responsibilities and authorities for design and development are defined within the NMI (see SM1008).  The NMI interface is provided to ensure effective communication and clarification of assignment responsibilities.  Design planning output is updated, as appropriate, as the design and development progresses.  For aerospace projects, significant elements of the design process are structured and documented within the New Product Launch process.  The information addresses tasks required, whether resources are internal or external and responsible assigned persons.  Review of the design content and input data is evidenced by engineering approval of the NMI.  If applicable, planning constraints will be listed on the timeline.  Performance conditions are documented and approved on the formal specification sheet.  During design review meetings, design input data specific to each significant design element is reviewed by assigned responsible parties to ensure consistency with PCB and customer, statutory and regulatory requirements.  Results of these design reviews are maintained in the product launch process selected.  The design review record ensures effective communication and responsibility assignment between associated parties or departments involved in the design process.  The design review record is updated, as appropriate, as the design and development progresses.  Design and development tasks to be carried out are defined in accordance with applicable safety, functional, customer or regulatory requirements and/or product objectives.    

8.3.3) Design and Development Inputs
1) Design input for each project may come from many sources and is formally documented with the NMI (SM1008) and product launch process selected (See EN11 through EN15). The following list indicates additional sources of design input that may be referenced within the NMI.  As these items are acquired or generated, they are maintained within the product launch information:

i. Functional and Performance requirements along with Copies of Approved Proposal Drawings and/or Preliminary Specification and Copies of Government or other Customer Contract Solicitations.

ii. Information derived from previous similar or competitor design and development activities and any other requirements deemed essential for the design and development process.

iii. Copies of applicable statutory, regulatory, specifications, standards and work instructions related to the project such as ANSI Documents, Explosive Atmospheres Requirements or European CE Marking.
iv. Potential consequences of failure due to the nature of the product or service, and part or product obsolescence.

2) The Project Engineer(s) have the final determination of whether the design inputs are adequate and complete.  The Project Engineer in cooperation with the Sales Department and other members of the Technology Center / Division is responsible for resolving ambiguous or conflicting information and updating the appropriate documented information in the NMI and/or product launch information.  The Lead and/or Project Engineer formally indicate the design input is adequate by approving the NMI (SM1008).
8.3.4) Design and Development Controls
1) Suitable design and development stage controls are documented using a New Product Launch process (EN11 through EN15) and NMI (SM1008).  Approval to progress to the next design stage is documented within the launch process information.  These documented reviews ensure design and development processes are evaluated for ability to comply with the planned arrangements. Problems arising from these design reviews or evaluations are identified and records of corresponding proposed necessary corrective actions are maintained in the launch process documentation.  Design review participants required for ensuring all representatives of functions concerned with the design review and/or evaluation are defined within the product launch information.  

Additional design reviews for each product shall address the following items at a minimum:

a.)
Design Input Review – Documented by Approval of NMI (SM1008)

b.)
Design Output Review – Documented by approval signatures on specification worksheets, product specification sheet, outline drawings, detail drawings, assembly drawings and assembly instructions.

c.)
Prior to Shipment Review: For sales and engineering to insure product meets design input requirements prior to shipment to customer. Documented by approval on the initial product router(s).

d.)
Formal design reviews documented within product launch processes. 

2) Design verification is performed by or with the guidance of the Project Engineer prior to the shipment of any product to insure that the project outputs meet the design and development input requirements.  The following list includes the verification or validation processes typically expected.  All verification documentation shall be retained and maintained within the product launch process including actions taken on problems determined during these reviews.  Participants in design and development reviews include representatives of functions concerned with the design and to authorize progression to the next stage.
At least one of the following methods, A through D, must be used to verify each specification with corresponding records of the verification results maintained in the product launch record.

a) Final Acceptance Test

b) Calculations
c) Prototype Test Results including First Article Inspection (FAI) in accordance with customer contractual requirements. For Design Verification requiring FAI submission per AS9102 or equivalent the requirements of procedure EN1023 First Article Inspection Process shall be fulfilled.

d) Similar to a similar or competitors design.


8.3.4.1) 1) Design and development validation to any known customer requirements in accordance with planned arrangements is employed by methods determined by the Project Engineer or Technology Center.  Design validation occurs after successful design verification.  Design validation is performed for each intended use of a product.  Validation records generated shall be kept in the product launch documentation, except where noted below.  Validation documentation shall demonstrate that the product meets specification requirements for all identified operational conditions.  For products complying with FAA regulations, necessary tests are planned, controlled, reviewed and reporting documented.  Reporting documentation may include AS9102 First Article Inspection Reports to provide objective evidence of compliance.  

2) Test plans and procedures contain identification of the product being validated, resources used, test objectives and conditions, parameters to be recorded and acceptance criteria.  The Project Engineer ensures that test method content and procedures describe product operational and performance criteria; and that correct product configuration and observations regarding acceptance criteria are met.  Records retained demonstrate the design for the product or service meets the specification requirements for all operational conditions.  Monitoring and measuring devices used for validation are controlled per QAM 7.1.5.  At least one of the following methods may be used. 

a) Final Calibration performed in accordance with the Calibration Instructions listed on the router (Calibration  

    Certificates are maintained by manufacturing).

b) Customer approval of laboratory qualification and/or Field Testing Information. 

c) Reliability Calculations, Feasibility Analysis and/or Safety Calculations.

3) Note: For products that are purchased and resold as a PCB product, validation is called out on the product router, per EN1002 Creation of a Calibration procedure and/or Quality Assurance Receiving Inspection procedure QA07 and QA08.

8.3.5) Design and Development Outputs
1) The Project Engineer is responsible for assimilating, documenting and maintaining all design inputs and transforming this input information into a finished product design.  Design outputs are verified as adequate against the design and development inputs and are approved prior to release, and by confirmation and sign-off of the corresponding product launch documentation. Appropriate monitoring and measuring requirements, and their acceptance criteria, indicate characteristics of our product or service that are essential for their intended purpose and safe provision.
Controlled design and development outputs are maintained in the BSD, Departmental Documentation System or in the drafting system.  This includes:

· Information required for component purchasing (data recorded on drawings and/or purchasing requisitions), product    

              manufacturing (data recorded on routers/travelers) and service (data provided in user manuals),

· Information regarding product performance acceptance criteria (specification sheets),

*Key Product Characteristics (KPC’s) are designated in

Procedures, Routers, and Drawings by the symbol:


2) KPC’s are a way for the product design team and the customer to indicate product or component characteristics that need a higher level of control than standard characteristics in order to satisfy form (dimensions), fit (interface with others) or function (performance of item) of our products.  Some examples of this at PCB might be the crystal surface finish on a housing, the durometer reading of a hammer tip, the flatness of a tri-shear mass, or the diameter of an electrical pin connector that mates with a socket.  Statistical Process Control will be used to monitor process capability in order to make the necessary process adjustments.
3)  The Definition of a KPC will be one of the following:

a) A feature of a material, component, or assembly whose inherent process variation within the specified tolerance has a significant influence on product fit, performance, service life, or manufacturability.  A KPC should be used only when a significant benefit to customer satisfaction (potentially internal customers as well) exists from controlling the characteristic to a target as opposed to just keeping within tolerance.

b) Anything that PFMEA has yielded as an unacceptable Risk Priority Number (RPN), because of high potential of occurrence, a high severity of defect, or a low ability to detect non-conformance.

c) Customer and PCB contractual requirements

d) Safety at final customer or ATEX requirements.

4) *Key (process) Control Characteristics (KCC’s) are designated by the symbol:      [image: image1.jpg]



KCC’s are similar to KPC’s except they are to identify manufacturing processes (inputs) that have a cause and effect relationship with a product characteristic (output), which may or may not be a KPC.  Examples of this at PCB may be oven temperature/time, crystal epoxy process, and lapping process.  Various tools including SPC may be utilized as a tool to monitor and adjust a process input in an effort to prevent an out of tolerance condition in a product characteristic.  The definition of a KCC is as follows:

A manufacturing process parameter whose inherent process variation within the specified tolerance will directly effect a product characteristic that has a significant influence on product fit, performance, service life, or manufacturability.  A KPC should be used only when a significant benefit to customer satisfaction (potentially internal customers as well) exists from controlling the characteristic to a target as opposed to just keeping within tolerance.  Anything that PFMEA has yielded as an unacceptable Risk Priority Number (RPN), because of high potential of occurrence, a high severity of defect, or a low ability to detect non-conformance.  See DD02 Engineering Change Order Procedure for more detailed proper utilization of these 2 symbols, as well as: NMI for proper method to establish design input, QA1087 Manufacturing Guidelines, Machine Shop Handbook MS1078 and QA08 Receiving Inspection.
Note: These items should not be confused with a “Major Feature” which is some feature on a print that the engineer has designated that it be held to a tighter tolerance than the standard title block or the standard Manufacturing Guidelines QA1087. These features will be measured with a more stringent sampling plan than “standard care features”, as noted in QA08.
5) Design output information required to allow the finished product to be identified, manufactured, inspected and used is maintained in the design and development process.  Pertinent supporting information for product design outputs shall contain the following:

i. Part, component, assembly, outline, installation and fixture drawings (Controlled by Drafting Department), 
ii. Configuration control requirements and product design features.  See EN01 Configuration Management Control and Drafting DD02 Engineering Change Order procedure requirements.

iii. BSD and associated drawings and specification documents ensuring conformity such as:

a. Control Specifications (Controlled by the Drafting Department),
b. Critical items and/or key characteristics,
c. Specification Worksheets (Located in EN Project File),
d. Assembly Procedures completed in accordance with the Creation of Assembly Instructions Procedure (EN1016) (Controlled by Drafting Department),

e. Calibration Instructions completed in accordance with the Firmware and Software Control (EN08),
f. Bill of Materials (BOM) layered to provide overall configuration information and/or Detail/Main Assembly Drawings (Controlled by the Drafting Department),

g. Test and/or System Check Data,

h. Schematics and Board Layouts (Controlled by the Drafting Department),
i. Material, process, manufacturing, assembly, handling, packaging, and preservation data needed to provide and maintain conforming product or service,

j. Technical data and repair schemes for operating and maintaining our products,

k. Approval by authorized operational relevant persons prior to release.
8.3.6) Design and Development Changes
1) Design changes are identified, reviewed and controlled by measures equivalent to those applied to the original design, to the extent necessary, ensuring no adverse impact on conformity to requirements.  Controlled drafting documentation is modified in accordance with Drafting Engineering Change Request Procedure DD1053.  Configuration Management procedure EN01 and Drafting Engineering Change Order Procedure DD02 ensure all relevant responsible authorities systematically review the documented information as changes develop.  The New Product Launch-Program Product (EN11) process is updated as necessary to ensure continuity of supplied products and prevent adverse impacts.

2) Each Project Engineer maintains the Engineering Project Files until the project is complete.  The exact requirements for each project are documented within the NMI (SM1008) and imposed by the Vice-President of Engineering, Engineering Coordinator and/or Engineering Document Custodian.  

3) Regarding product already delivered through closure of a customer order, PCB will generally not advise the end-user of design changes unless required by contract.  End-users will be notified of any product changes through future orders and associated product documentation.  The documented design processes described in this procedure ensures design changes are evaluated and that end-user product documentation is updated. 
Reference Documents: 

DD02, DD1053, EN01, EN04, EN08, EN11, EN12, EN13, EN14, EN15, EN1002, EN1022, EN1016, EN044, EN1023, MS1078, QA07, QA08, QA1087, SM1008.
Unusual Conditions:

1. Incomplete Engineering Product Launch data may exist as a result of customer orders not being received and various other factors.  If this happens and the design is not complete, the project is removed from the product launch system. Also, the assigned model number is flagged as obsolete by selecting “obsolete” in the material status field with a reason code of INV (Invalid part Number) on the control tab of item maintenance screen in the BSD.

2. Due to the complex nature, low volume and quick turn-around time required for certain projects, verification and validation of a product may occur simultaneously.

3. Experimental models designated by “X” may ship prior to having completed, approved specifications worksheets.
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