1.  Introduction

The purpose of this document is to detail the expectations for design reviews given by the Mechanical Engineering staff at MBARI.  Technical reviews, including design reviews, are typically considered part of the system engineering process.  System engineering has been the subject of a tremendous amount of work in the engineering community as is formally applied on projects from the space shuttle down to small product development.  The most applicable work (to my knowledge) for our purposes has been done by the Electrical Industries Association and is documented in EIA Interim Standard EIA/IS-632 System Engineering.  In fact, the Department of Defense abandoned their process of developing a system engineering document for DOD systems and is recommending the EIA standard for future procurements.   This standard defines a systematic approach to the development of large and small scale systems which requires

· Establishing and implementing a structured, disciplined and documented systems engineering effort incorporating the systems engineering process

· Multidisciplinary teamwork

· Simultaneous development of the products and processes needed to satisfy user needs

It is worth pointing out that the EIA standard defines system engineering as an iterative procedure that is applied “throughout the system life cycle to translate stated problems into design requirements, providing an integrated system solution consisting of people, products and processes with the capability to satisfy customer needs”.  I believe this definition is particularly important to products designed at MBARI as they must be effectively operated by operations people to perform the processes required by the scientists. 

The EIA standard addresses the entire system engineering process and includes a section on technical reviews.  Since this standard generally agrees with the system engineering and design review process I’ve found useful, the following borrows heavily from that document.   Although this document addresses systems which are primarily mechanical in nature, the same requirements for design reviews can be applied to projects where the mechanical engineering is primarily at the subsystem level.

2.  Technical Reviews

EIA/IS-632 defines a number of reviews that I lump into three categories. 1) Reviews during the concept development process to insure the requirements accurately reflect the customers needs and the preferred system concept most effectively meets those needs. 2) Reviews during the design implementation process to insure the design will meet the system requirements. 3) Reviews to verify the system meets the defined  requirements.  The following sections will address these reviews in more detail.  

2.1.  Concept development reviews

The initial stage of system development involves turning customer needs into system requirements and developing a preferred system concept to meet those needs/requirements.  With the exception of Tiburon, I believe that most MBARI projects can address this process with small meetings between the customers (science, engineering or ops), the operators (ops) and the engineers.  The result of the concept development process should be a written requirements document approved by the PI, a system description detailing the work which will be performed and a project schedule.  In some cases, the requirements and system description can be combined in one document.  Historically at MBARI, this process has included a concept review which may be helpful.  For the purpose of completeness, the following is a brief description of the reviews defined by the EIA which can be held during this stage.

The alternative systems review (ASR) is conducted to demonstrate that the preferred system concept provides a cost effective, operationally effective and suitable solution to identified needs; meets established affordability criteria; and can be developed to provide a timely solution to needs at an acceptable level of risk.  The system requirements review (SRR) is conducted to demonstrate progress in converging on viable, traceable system requirements that are balanced with cost, schedule and risk.  The system functional review (SFR) is conducted to demonstrate convergence on achievability of system requirements and readiness to initiate preliminary design.

2.2.  Design implementation reviews

There are two reviews held during the design implementation, preliminary design review (PDR) and critical design review (CDR).  Most projects at MBARI should include both a PDR and CDR.  

2.2.1.  Preliminary design review

The PDR is conducted to confirm that the preferred approach, as an integrated composite of people, product and process solutions satisfies the functional requirements and the total system is ready for detailed design.  PDR is held when sufficient design on the complete system has been accomplished to verify the preferred system concept can achieve the system requirements.  The PDR should address the following issues.

2.2.1.1.  The approved system requirements document.

2.2.1.2.  A description of the entire proposed design in enough detail to show that the proposed design can effectively meet the system requirements.  The proposed design should balance cost, schedule, performance and risk.  Interfaces to external systems should be defined.  

2.2.1.3.  High risk design elements have been mitigated by analysis or test and the results presented.  Other risk elements are identified with plans for mitigation.

2.2.1.4.  Operational requirements have been addressed with operations personnel and the results presented.

2.2.1.5.  An integration and test (I&T) plan should be presented.  The I&T plan should address how the system will be manufactured and what personnel, resources, documentation and training will be needed to integrate system components.  In addition, a high level description of how actual system performance will be verified against the requirements should be presented with the goal of verifying system performance to the greatest extent reasonable before at sea testing.

2.2.1.6.  The project schedule showing detailed design, manufacturing, integration, test, training and documentation should be presented.  Provisions for failure in risk areas should be addressed.

2.2.2.  Critical design review

The CDR is conducted to demonstrate that the system detailed design as a composite of people, product and process solutions is complete, meets requirements, and that the system is ready for fabrication.  CDR is held when the system is ready for release to manufacturing.  CDR should address the following issues.

2.2.2.1.  The approved system requirements document and project schedule should be reviewed and changes since PDR identified.

2.2.2.2.  A system overview should be presented.

2.2.2.3.  A detailed description of all subsystems should be presented.

2.2.2.4.  The results of all analysis and testing should be reviewed.

2.2.2.5.  Verification of interfaces to external systems should be presented.

2.2.2.6.  The I&T plan with detailed integration and test procedures when required should be presented.  How the test plan will verify system performance against requirements should be discussed.  All but the simplest tests which will be recorded in a lab book should have data sheets presented at CDR. 

2.2.2.7. The drawing package for manufacturing should be available for review.

2.3.  Subsystem reviews

In general, design reviews are presented for the entire system: mechanical, electrical, software and science.  Larger projects may have any of the design reviews discussed in this document at the subsystem level.  

2.4. Design verification reviews

Most projects, again with the exception of Tiburon, can be verified against requirements using the plans, procedures and data sheets presented at PDR and CDR.  The EIA document describes a system verification review and physical configuration audit which are intended to insure that the procuring agency is indeed getting what they paid for. 

