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DESIGN CONTROL PROCEDURE
1. PURPOSE AND SCOPE

The purpose of this document is to outline the procedure for the development of PCB Larson Davis products that meet the needs and expectations of stakeholders.

2. AFFECTED DEPARTMENTS

· Engineering

· Sales and Marketing
3. REFERENCE DOCUMENTS

3.1
Quality System Procedures

· Document Control System
D0001.1017

· ECO Procedure
D0001.1022

· Waiver Procedure
D0001.1023

3.2
Project Documents and Forms
· ROI Form
D0001.1009-1

· Project Approval Form (PAF)
D0001.1009-3

· Beta Test Plan
D0001.1009-4

· Concept Evaluation Checklist
D0001.1009-7

· Product Development Team Minutes Form
D0001.1009-8

· Design Review Meeting Minutes
D0001.1009-9

· Product Release Checklist
D0001.1009-14
· Project Progress Form
D0001.1009-15
· Quality Addendum for Intrinsic Safe Products
D0001.0014
· Intrinsic Safety Listings and Approvals
D0001.0014-1
4. RESPONSIBILITIES & AUTHORITY

Management: Management of the company has the responsibility for participating in and/or delegating the responsibility for various approvals that are required during product development.

Product Manager: The person responsible for all aspects of a product through its entire life (i.e. until the product becomes obsolete and is no longer sold or serviced).  This person is appointed by Sales & Marketing management and is typically a member of the Sales & Marketing group.

Project Engineer: The Project Engineer is a person from the Engineering group assigned to the Product Development Team (PDT) with the responsibility to use their technical skills to design, implement, and test a new product.

Project Manager: The person responsible for all phases of the engineering design, testing and release of a new product.  This person is appointed by the Engineering Manager and is typically a member of the Engineering group.

Test Engineer: A person from the Engineering group assigned to the Product Development Team (PDT) that is responsible for product testing.
Intrinsic Safe Products (ISP) Manager: A member of the Engineering group who holds various responsibilities regarding intrinsically safe products which are approved for the use in explosive atmospheres.  These products have approvals through notifying bodies (i.e. ATEX, IECEx, and MSHA).  See Quality Addendum for Intrinsic Safe Products D0001.0014 for more information.

5. DEFINITIONS

ATEX:  Explosive Atmosphere.  Products that have been tested, assessed and approved by a notifying body for the use in explosive atmospheres.  See also intrinsically safe products.  Also refer to Quality Addendum for Intrinsic Safe Product Document D0001.0014.
Beta Test: A test designed to validate the pre-released product, gather feedback from a limited set of users and identify missing features.

BOM: Bill of Materials
BSD: Business System Database

ECO: Engineering Change Order

Intrinsically Safe Products (I.S.): Products that have been tested, assessed and approved by a notifying body for the use in explosive atmospheres.  These products rely only on the intrinsic safe protection scheme.  See also ATEX.  Also refer to Quality Addendum for Intrinsic Safe Product Document D0001.0014.

Manufacturing/Engineering Build (ME Build): The manufacturing build of a new product prior to release is referred to as the ME Build.  ME build product is used for development, demo, test and, with management approval, may be sold to customers.
Market Release: Market release is the point where a new product is approved for manufacture and sale.  After market release the product is considered available for sale and shipping.

Market Test: A test designed to obtain information from customers regarding the design, features, function, etc. of a prototype product.

Product: Any item (hardware, software, service, etc.) sold by the company.

Project Design Folder (PDF): A folder that contains all of the relevant electronic documents pertaining to a product development project.

Product Development Team (PDT): The people assigned to work on the development of a new product.

Product Requirements Document (PRD): A document that is typically created by the Product Manager which outlines the features, costs and market conditions for a potential product.

Product Specification Document (PSD): A document typically derived from a PRD, and created by Engineering, which contains a detailed and technical description of a new, undeveloped, product.

Stakeholder: A person who is interested in the successful completion of the project.
Validation: The confirmation, through objective evidence, that the product requirements as defined in the Product Requirements Document have been met (i.e. are we building the right thing)?
Verification: The confirmation, through objective evidence such as testing and reviews, that the product functions as designed.  In other words, does the product correctly do what it is supposed to do (i.e. are we building it right)?
Verification Test Plan (VTP): A test plan that outlines the product requirements and associates the tests required to ensure compliance of the new product to the Product Specification Document.

6. INSTRUCTIONS 
6.1 Scope

Some projects have a more limited scope than others and at management discretion the design control process for these projects may be reduced to simply releasing the changes by ECO. The Project Approval Form, D0001.1009-3, is used to document the steps to be included in a development project. Any or all of the phases outlined below may be included or excluded in a specific project.  Each project can be tailored to specific needs with the use of N/A on the project related forms and checklists if the item is not applicable.
6.2 Overview

This procedure describes the steps involved in transforming an idea or concept into a manufacturable product.  The product development process consists of 5 phases:

1. Product Definition

2. Product Specification

3. Product Development

4. Product Validation & Verification

5. Market Release

The Project Progress Form, D0001.1009-15, provides an overview of the project status, relative to the 5 phases, and is to be updated at the end of each phase.
6.3 Product Definition Phase

Market research is conducted to investigate possible new product ideas.  If the new product appears feasible, a project proposal and product requirement is created for management review.

6.3.1 Concept

Someone (marketer, engineer, sales representative, customer, etc.) perceives or identifies a need for a new product.  New product ideas can also be conceived based on the discovery of a new technology or capability.  Those submitting or evaluating new product ideas should review the Concept Evaluation Checklist D0001.1009-7.  All new product ideas must be submitted as a proposal, in writing, to a member of Management.  Proposals should include key market information, critical product specifications, and an initial estimate of ROI using the ROI Spreadsheet, D0001.1009-1.
6.3.2 Feasibility

The Product Manager is responsible for evaluating the market feasibility of the new product concept.  The Product Manager or designee may conduct concept-specific market research to gather pertinent customer and competitive information.  The Product Manager also works with Engineering to evaluate the technical feasibility of the concept, and to estimate the time, cost and resources required to develop the new product.

6.3.3 Product Requirements Document (PRD)

If it appears that the concept can be developed into a viable product, the Product Manager will supervise the creation of a Product Requirements Document.  This document can take on any form factor that conveys the specifications of the product.  Key customer expectations, product features, expected third party and notifying body regulatory approvals (e.g. PTB, ISO, CE, ATEX, IECEx, UL, USB, MSHA, Bluetooth, etc.), and performance measurements should be included in the PRD.  A number of product concepts and technologies may need to be evaluated and researched in order to create the PRD.
6.3.4 PRD Approval

Management and the Product Manager review and approve the completed PRD.  An approved PRD is required for a project to continue beyond the next phase.
6.4 Product Specification Phase

Engineering has the responsibility to transform a PRD into a Product Specification Document (PSD) using information derived from previous similar design and development activities.  This document includes a description of the new product and a list of the technical requirements mapped to the specification, as well as the project plan.  During this phase the ROI and effort estimate is to be updated and a product cost estimate developed.  Based on the information in the PSD, updated estimates, and other product specific factors, management will determine if the project should continue to be developed.  Project Engineers and a Project Manager are assigned to the project by Engineering Management.  Project approval is documented on the Project Approval Form, D0001.1009-3.
6.4.1 Product Specification Document (PSD)

The Project Manager, with assistance from the Project Engineers, Product Manager, Engineering Management, and ISP Manager, is responsible for creating a Product Specification Document for the proposed product.  The PSD outlines the master plan for the product’s development.  The PSD evolves as the development moves from one phase to the next.  Depending on the scope of the project, the initial version of the PSD may or may not contain the complete project plan from start to finish.  As the project progresses the PSD becomes more and more complete.  At the completion of the project, the PSD will contain a description of the manufactured product.  The PSD consists of three key elements: product description, estimate of development effort and estimate of development costs.  During the design of the product, the Product Manager is responsible for authorizing any design or development changes and the Project Manager documents and stores the authorization in the design file. 
6.4.1.1 Product Description

The product description outlines the appearance, features, functions, etc. of the product.  The type of product being developed determines what kinds of features need to be detailed in the PSD.  At a minimum the PSD must include:
· A description of the product

· Technical specifications

· Necessary third party approvals i.e. PTB, ISO, ATEX, IECEx, UL, MSHA, USB, Bluetooth, Zigbee, etc. 
· A list of standards to which the product must comply. 
· An enumerated list of the product requirements from which test cases can be mapped.  (The mappings can be one to one, one to many, or many to one.)

· Acceptance criteria
6.4.1.2 Effort Estimate
The effort estimate consists of a list of development and test activities that lead to the final product.  Gantt charts, story points and burn-down charts are used as needed to document the schedule.  The estimate covers all aspects of product development, including testing, documentation and release activities.  Some of this information is used to update the ROI Spreadsheet.
6.4.1.3 Cost Estimate
The project’s cost estimate should summarize the project’s development costs.  The following items are generally included:
· Labor

· Outside services and contract labor: PC board assembly, CE testing, painting, machining, etc.

· Project materials: PC boards, electrical components, mechanical components, etc.

· Capital expenditures: test equipment, software, production tooling, etc.
6.4.2 Project Approval Form
The Project Approval Form, D0001.1009-3, is a standard form that lists all of the major tasks that must be completed prior to the market release of a product.  Prior to approval of the project, the Project Manager and Product Manager indicate on the form which tasks are relevant for the project.  It is then the Project Manager’s responsibility to ensure that the appropriate person signs off each task as the tasks are completed.

6.4.3 Project Approval

Management, the Product Manager, and the Project Manger review the available information to determine whether or not to continue the project.  If approved, and when required on the Product Approval Form, a copy of the PSD (including effort estimate and cost estimate) along with the Project Approval form is placed in the Project Design Folder.
6.4.4 Project Progress Update

As the Specification Phase of the project concludes, the Project Manager will update the Project Progress Form with the approval dates for the Project Approval Form and the Product Specification Document.

6.5 Product Development Phase
After project approval, the Project Manager coordinates with the Project and Test Engineers to create a Verification Test Plan (VTP) and uses it to manage the testing of the new product during development.  The Project Manager also coordinates development activities using Agile principles, tools and techniques.  Software, Firmware and Hardware projects are managed according to the tools and techniques best suited to each project.  This Design Control Procedure does not mandate any specific tool but encourages the use of tools currently purchased and in use including Team Foundation Server, Microsoft Visual Studio, Subversion, Altium, and Solidworks.
The Project Manager is responsible for creating a product based on the description, plan and cost projections contained in the PSD.  The Project Manager oversees any research and/or design activities necessary for the creation and testing of the product including the need to control interfaces between persons involved in the design and development process.  This person also works with manufacturing to assemble and test a prototype of the product.  The prototype may be market tested (optional beta) in order to gather information on how to further improve the product’s design.
Agile development techniques will be used where applicable throughout the Development Phase.  These techniques include the dissection of milestone activities into smaller story tasks that are completed within iterations or sprints of one to two weeks.  At the end of each sprint the team provides a demonstration of the completed stories, all in an effort to solicit rapid feedback from the stakeholders. Story points are used to estimate the effort and track velocity and progress.  A daily standup meeting fosters communication among the team.

If the product is expected to have safety approvals for operation in explosive atmospheres (e.g. ATEX, IECEx, MSHA, etc.), the Project Manager and Engineers will integrally work with the ISP Manager in the various details of the design, to ensure that the design is built to current safety standards, with the goal in mind to minimize the safety approval process and costs regarding the notifying body.  See the Quality Addendum for Intrinsic Safe Products Document D0001.0014 for more information on designing and document control to these products.

6.5.1 Verification Test Plan (VTP)

The Project Manager manages the creation of a Verification Test Plan (VTP) which documents the tests to be conducted to verify that the new product meets the PSD specifications. Like the PSD, the Verification Test Plan (VTP) may evolve as the project development progresses.  The plan includes a thorough, coordinated list of tests to be conducted as well as test procedures, required resources, required measurements and acceptance/rejection criteria.  The VTP can be contained in its own document; usually a spreadsheet, or as part of the Product Specification Document.  Successful completion of the VTP is a prerequisite to market release.

6.5.2 Product Development Team (PDT)

The people assigned to work on the development of the new product are known as the Product Development Team (PDT).  This is an inter-departmental team consisting of the Project Manager, Product Manager, ISP Manager (if applicable), and individuals, as required, from Engineering, Sales & Marketing, Manufacturing, and Quality.  Team members are subject to change as the project progresses.  The team is involved in the design, development, manufacture, testing and documentation of the product. In addition this team shall consider the requirements for subsequent provision of products and services such as ongoing calibrations and repair. The team meets regularly to discuss the status of product development in terms of tasks accomplished, product performance, risks, schedule status and costs.  Minutes of these meetings are recorded using the PDT Meeting Minutes Form, D0001.1009-8, and distributed to team members.  Copies of all PDT meeting minutes are kept in the Project Design Folder.
6.5.3 Project Design Folder (PDF)

At the start of the project, the Project Manager creates a Project Design Folder (PDF) and the contents of the PDF grow as the project progresses.  Upon conclusion of the project, the PDF is archived in document control.  The PDF contains approved documents required by the Project Approval Form and records demonstrating completion of required tasks on the Project Approval Form.

The Project Design Folder is to be located under the “\\NYDFS01\Shared\Provo\Engineering\Dev” folder.  This location can also be accessed through the mapped “Shared (\\NYDFS01)(R:)” drive and then selecting the “Provo”, “Engineering” and “Dev” folders.  The name of the project folder should be sufficiently descriptive to assist with finding it in the future.  Each Project Design Folder shall contain a directory named _QMS in which the QMS documents reside. 

The following is an initial recommended list of sub-folders for the project. Sub folders may be omitted if they are not applicable to the project.
· _QMS
· Product Requirements Document

· Product Specification Document

· Verification Test Plan

· Design Reviews and Meetings
· Competitor Products
· Concepts

· DFMA Analysis
· Electrical

· Planning

· Component Datasheets
· Firmware

· Planning

· Manuals
· Mechanical

· Planning

· Datasheets

· Research

· Software

· Planning

· Testing

· Planning

· Results

· Intrinsic Safe (if applicable)
6.5.4 Updating the PSD

The Project Manager is also responsible for updating and revising the PSD as the project progresses.  Changes to the PSD are noted in the PDT meeting minutes.  The updated PSD is kept in the Project Design Folder.

The PSD shall specify the characteristics of the products and services that are essential for their intended purpose and their safe and proper provision.

6.5.5 Design Reviews
Design Reviews are intended to verify that the proposed design meets the requirements and specifications identified in the PRD and PSD.  Design Reviews should be conducted prior to incurring expensive testing, prototype fabrication or a Manufacturing/Engineering (ME) Build in an effort to minimize costs and delays resulting from later design revisions.  The results of Design Reviews are to be recorded.
6.5.5.1 Design Review Timing

A mechanical and/or electrical Design Review must take place prior to significant prototyping efforts and again before the ME Build.  The Agile development process incorporates Design Reviews, also known as Sprint Demos, toward the end of each sprint as part of the software and firmware development.
6.5.5.2 Peer Review

Peer Reviews are held prior to formal Design Reviews.  The intent of a Peer Review is to evaluate the details of the current design with a small group of technical peers.  As the engineer completes tasks or develops new features they should hold a Peer Review.  There may be multiple Peer Reviews leading up to Formal Design Reviews.  Peer reviews do not require formal documentation.
6.5.5.3 Design Review Team Personnel
It is the responsibility of the Project Manager to organize the Design Review meeting and invite appropriate personnel.

6.5.5.4 Design Review Meeting

The Design Review Meeting is chaired by the Project Manager, or a designee.

The review may cover:

· Review of the PSD (including any changes to the PSD)

· Discussion of the Design

· Goals

· Methods

· Constraints
· Results from Peer Reviews and Testing
· Electrical

· Mechanical
· Documentation

· BSD Requirements
· Standards (ANSII, IEC, ISO, CE, ATEX, IECEx, MSHA, USB, Bluetooth, etc.)

· Design Review Meeting Minutes from previous reviews
· Design change list 
· Risk Mitigation including potential consequences of failure due to the nature of the products and services 
· Release to Prototype/Build (if minor or no changes)

· Budget and variances
6.5.5.5 Documentation

Minutes of the Design Review are recorded on the Design Review Meeting Minutes form (D0001.1009-9).  The minutes are placed in the Project Design Folder (PDF).
6.5.6 Project Progress Update

As the Development Phase of the project concludes, the Project Manager will update the Project Progress Form with the approval dates for the Verification Test Plan and the Beta Test Plan, if applicable.  The Project Manager will also ensure that the meeting minutes from PDT meetings and Design Reviews are stored in the Project Design Folder.

6.6 Product Verification and Validation Phase

Once the features outlined in the PSD have been developed, the product is ready for verification testing as outlined in the Verification Test Plan (VTP).  Validation usually occurs after verification testing and may involve in-house experts, Beta Testing, or other available resources.

6.6.1 Execute Verification Test Plan

The Project Manager or Test Manager is responsible for executing the Verification Test Plan and ensuring product quality.
6.6.1.1 Requirement Tracking

At a minimum the VTP will enumerate each test and cross reference, by number(s), to the requirement(s) prompting it.
6.6.1.2 Verification Testing

The Project Manager is responsible for product quality.  Product quality is demonstrated by completing the Verification Test Plan and addressing the deficiencies discovered during testing.

6.6.1.3 Verification Records

Results from verification testing, which demonstrate successful completion of the Verification Test Plan, are placed in the Project Design Folder (PDF).

6.6.2 Manufacturing/Engineering Build and Test (ME Build)

The purpose of the ME Build is to verify that Manufacturing, with assistance from Engineering, can successfully produce a product that meets all the requirements of the PSD.  The Project Engineer oversees the ME Build, but it is Manufacturing’s responsibility to fabricate, assemble, and test all ME Build units.  The ME Build units are manufactured according to the current revision design documents. The ME Build is considered a success once samples pass verification testing, monitoring and measuring requirements and the new product resides in inventory.

6.6.3 Beta Test (Optional)

The Product Manager and Project Manager determine if a product Beta Test is to be conducted.  The Beta Test is planned and coordinated by the Product Manager.  Typically, units from the ME Build are used for the Beta Test.  Testers are qualified individuals outside the immediate development group with relevant expertise (ideally, testers are potential customers for the new product).  The purpose of Beta Testing is to obtain ideas for product improvement from real customers and to extend the scope of product testing.  The Beta Test is conducted according to a Beta Test Plan (D0001.1009-4), which is created by the Product Manager and approved by both the Product Manager and Project Manager.  A copy of the Beta Test is placed in the Project Design Folder.  A confidentiality agreement may be required for testers to participate in the Beta Test.

6.6.4 Product Validation

The Project Manager will hold a meeting to review each requirement in the PRD to assure each has been met and tested.  The validation requirements can be met through visual inspection of physical deliverables, through demonstrations of software features, or test results from firmware and hardware testing. Each requirement shall be marked as met, not met, or waived and initialed by the Product Manager.  Before releasing a product each requirement must be either met or waived.
6.6.5 Project Progress Update

As the Verification and Validation Phase of the project concludes, the Project Manager will update the Project Progress Form with the completion dates for the Verification Test results, and results of the Beta Test, if applicable.  The Project Manager will also ensure that meeting minutes from PDT meetings and Design Reviews during this phase are stored in the Project Design Folder.
6.7 Market Release

There are three options available for shipping unreleased product to someone outside of PCB Piezotronics, Larson Davis Division.
1. Participation in a Beta Test program

2. By use of the Waiver procedure (D0001.1023)
3. Sales demo as authorized by the Product Manager

The newly developed product is ready for market release once each of the following tasks has been completed.

· All documents, files and software necessary to manufacture the product have been approved by Engineering and Manufacturing and have been placed in document control (i.e. schematics, assembly drawings, mechanical drawings, bills of material, software, firmware, work instructions, test software, etc.).  Review and approval should happen as part of a manufacturing review.  A manufacturing review is considered a design review and is documented using the Design Review Meeting Minutes, D0001.1009-9.  These minutes are stored in the Project Design Folder.
· Manufacturing has verified that it can successfully produce products that meet the requirements of the Product Specification Document (PSD) and a sample of the new product has been placed in inventory (ME Build).

· All applicable tasks on the Product Release Checklist (D0001.1009-14) have been completed and signed-off.

· The Market Release for all versions of the product, specified in the PSD, has been documented using an Engineering Change Order (ECO).

6.7.1 Project Progress Update

As the Market Release Phase of the project concludes, the Project Manager will update the Project Progress Form with the approval date for the ECO.  All drawings are to be released through the Document Control procedure prior to project ECO approval.  The Project Manager will also ensure that the meeting minutes from PDT meetings during this phase are stored in the project folder.
6.8 Post Release Tasks
The Project Manager formally completes the project by ensuring that the following items are accomplished.

· The Project Design Folder (PDF) is placed in Document Control.
· Usable parts owned by Engineering are checked into inventory.
· Unusable parts in inventory are expensed to Engineering.
· Recall and replace, or update, any pre-release product that is not production quality.
6.9 Variations
In a situation where the project or parts of the project are sub contracted the Project Manager is responsible for following the same process as outlined above.  Project steps that are performed by the sub-contractor shall be documented and stored in the _QMS folder where possible.  If a development phase is not required or has no visibility to the project manager, the documentation can be omitted by placing a file in the folder that explains why it is not available or not needed.
7. INSPECTION

The Design Review and ECO approval process contains provisions for multiple inspections of the new product design.

8. RECORDS

The Project Design Folder is maintained for the life of the product as a controlled document in Document Control and contains the current revisions of the following documents.

· D0001.1009-1 ROI Form

· D0001.1009-3 Project Approval Form (PAF) 
· D0001.1009-4 Beta Test Plans and associated validation results
· D0001.1009-7 Concept Evaluation Checklist

· D0001.1009-8 Product Development Team Minutes Form
· D0001.1009-9 Minutes from design reviews and other relevant meetings 

· D0001.1009-14 Product Release Checklist

· D0001.1009-15 Project Progress Form
· D0001.1009-16 Product Specification Document (PSD) 

· Design notes and other documents relevant to the development of the product
9. DISTRIBUTION

· Engineering
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