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1.0
PURPOSE & Scope 

This QA Plan documents the quality assurance activities implemented by LBNL in its participation in the IceCube Project. It is designed to fulfill the applicable requirements of the following LBNL and UW documents:

· IceCube Project Quality Plan

· LBNL's Work Smart Standards for quality assurance
The LBNL's deliverable end-items covered by this plan are:

· DOM main board development, manufacturing and testing
· DOM hub development

· Data acquisition system development

· Data handling development

2.0
Applicable Documents 

1. 9000-0003, IceCube Quality Assurance Plan

2. 9000-0005, IceCube Document Control Procedure

3. LBNL Regulation & Procedures Manual, Chapter 8 Quality Assurance, http://www.lbl.gov/Workplace/RPM/
4. Publication 3111, Operation and Assurance Plan, http://www.lbl.gov/ehs/oap/oap_home.htm
5. ISO 9001:2000 Standard, AQA Press

3.0 Definitions

CAPA – Corrective and preventive action. The term CAPA can be used for the process under which issues are corrected or for an individual issue report (including its evaluation and resolution).

Controlled Documents – Documents that are under (or required to be under) formal document control.

Device – In the context of this document, a device is any finished IceCube component, subsystem or system. It can include hardware or software.

DOM –  Digital Optical Module.

ECN – Engineering Change Notice; the process by which document and design changes are revised, controlled and released.

Employees or Staff – For the purposes of this document, employees or staff are considered anyone working on the IceCube project who is an employee or contractor of one of the IceCube collaboration facilities.

HALT – Highly Accelerated Life Testing.

HASS – Highly Accelerated Stress Screening.

LBNL - Lawrence Berkeley National Laboratory.

Labeling – Any label affixed to or documentation accompanying the device which identifies, describes or provides instructions for using the device.

Product – Same as device.

QA – Quality Assurance.

4.0 RESPONSIBILITIES

4.1 The LBNL QA Lead is responsible for the generation and updating of this document.

4.2 The LBNL IceCube Project Manager is responsible for ensuring the design, manufacturing and testing of the products follow the processes described in this document.

4.3 The engineering and software managers are responsible for ensuring that the processes described in this document are completed appropriately. 
5.0
Quality Project Management

LBNL IceCube Project has established a team with extensive experience in large physics projects and work in Antarctica.  The LBNL IceCube QA approach entails involvement of key personnel from early design through fabrication and to deployment.  They assess, audit, verify, and certify that all deliverable items are in accordance with the contractual requirements.  To ensure that these activities do not derogate or conflict with the scientific research, they are integrated within the standard project activities as follows:
1. Participating in project planning

2. Contributing directly to design, procurement, manufacturing, and test decisions during all phases of the project

3. Verifying documentation on design, test, and manufacturing processes

4. Providing disciplined activities for early detection and assessment of problems
5. Prevention of discrepancies for both hardware and software
6. Identification and control of unusual or special hardware and software.
6.0 Procedures

Table 1 provides a cross-reference between this QA Plan and the IceCube Project Quality Plan.

Table 1. Project-LBNL Quality Reference Matrix
	IceCube Project Quality Plan

Para. # & Title
	LBNL IceCube Quality Plan

Para. # & Title

	6.1 Project Team




6.2 Design & Development

6.2.1 Design Input

6.2.2 Project Planning

6.2.3 Design Reviews

6.2.4 Verification and Validation 

6.2.5 Transition To Manufacturing
6.2.6 Parts & Component Traceability sssssssssssssssssssss
6.2.7 Instructional Materials (Manuals)

6.3 Configuration Management

6.3.1 Document Control

6.3.2 Change Control (ECN)

6.3.3 Parts Lists

6.3.4 Software Configuration Management
6.3.5 Manufacturing Records

6.3.6 Purchasing

6.4 Manufacturing & Process Control

6.4.1 Process Control

6.4.2 Assembly/Test Documents

6.4.3 Assembly/Test Records

6.4.4 Identification & Physical Traceability sssssssssssssssssssss
6.4.5 Calibration Of Test Equipment

6.4.6
Device Acceptance & Acceptance Status

6.4.7
Non-Conforming Material

6.4.8
Receiving Inspection

6.4.9
Handling & Storage

6.5
Corrective & Preventive Action

6.6
Training
	5.0 Quality Project Management

6.1 Design Control

6.1.1 General Principles

6.1.1 General Principles

6.1.2 Technical Reviews

6.1.3 Verification and Validation

6.1.4 Transition To Manufacturing
6.2.1 Baseline Control

6.2.5 Traceability of Parts, Materials, and Components
7.0 Training

6.2 Configuration Management

6.2.3
Control of Documents

6.2.2 Change Control

6.2.4 Control of Records

6.4 Manufacturing Controls

6.3 Purchase Controls

6.4 Manufacturing Controls

6.4.1 In-Process Inspection

6.4.2 Completed Item Inspection and Testing

6.4.2 Completed Item Inspection and Testing

6.2.5 Traceability of Parts, Materials, and Components

6.5 Measuring and Test Equipment

6.4.2 Completed Item Inspection and Testing

6.6 Non-Conforming Material

6.7 Handling, Storage, and Delivery

6.7 Handling, Storage, and Delivery

6.8 Corrective & Preventive Action

7.0 Training


6.1 Design Control 

6.1.1 General Principles

The LBNL IceCube Project ensures that the LBNL IceCube designs meet the project requirements including user and scientific needs through the following activities:

· Requirements analysis

· Design analysis

· Coordination and integration of interfaces

· Verification and validation

· Design reviews
· Project management.
The requirements documents contain release signatures indicating that they have been reviewed and are suitable for the intended use by the responsible person and reviewed and approved by the LBNL Project Engineering Manager, Principle Investigator, and Project Manager.  In addition, each such requirements document is submitted to the UW IceCube Project Office for approval signature.  The LBNL IceCube Project develops a plan that includes schedules for release of drawings, specifications, and design review meetings that correlate to the overall project schedule. 
All designs are executed in accordance with good design principles for both hardware and software:

· Partition system into subsystems with emphasis on defining entities and interfaces that allow maximum independence

· Hardware design that minimizes parts count

· Built-in reliability, maintainability, safety, and ease of use

· Judicious use of high-quality standard parts and derating 

· Careful use of redundancy

· Software design with loose coupling, high cohesion, and encapsulation.
6.1.2
Technical Reviews

The LBNL IceCube Project technical reviews include both the contractually required milestone design reviews and internal reviews.  The milestone design reviews include the following: Requirements Review (RR), Preliminary Design Review (PDR), Critical Design Review (CDR), Pre-Test Review (PTR), Pre-Production Review (PPR), Pre-Ship Review (PSR).  The LBNL IceCube Project will hold internal technical reviews on an as-needed basis.  All team members will be notified and may participate.  Outside technical experts may be asked to participate to address specific issues.  These reviews will be documented and action items taken as necessary to improve the performance and quality of the product and overall success of the project.   The LBNL IceCube Project tracks all Action Items  (AI) to completion.

6.1.3
Verification and Validation 

The LBNL IceCube Project will verify the requirements through a combination of demonstration, inspection, analysis, and/or testing. Test is the most analytical and quantitative of the four methods.  Demonstration is typically used to verify product capability using a pass/fail type result.  The verification method of the requirements will be identified in a requirements matrix and the status will be tracked.   Boards will be subjected to verification to ensure readiness for integration in the subassembly and the next level. Test plans and procedures will be prepared to ensure that the requirements have been adequately verified. Validation will be planned and coordinated with the other design verification activities.  Design reviews are part of the verification/validation process.  Design verification/validation will be documented and recorded.
6.1.4
 Transition To Manufacturing

LBNL uses state-of-the-art Electronic Design Automation (EDA) tools to help develop hardware and software.  These tools provide a robust approach to design transfer.  For example, tools from Mentor Graphics and other vendors are used for schematic capture, simulation, physical layout, and verification.  

6.2
Configuration Management

6.2.1
Baseline Control

The LBNL IceCube Project maintains documentation that defines the various baselines.  Once a particular baseline is established, it ensures the documentation defining this baseline is not changed without appropriate approval. 

6.2.2
Change Control

The LBNL IceCube Project will submit all changes to approved requirement documents to the UW IceCube Project Office via an Engineering Change Proposal (ECP) or Notice of Revision (NOR).  Subsequent to approval of the proposed change, LBNL IceCube Project will publish a Requirement Change Notice (RCN).

The LBNL IceCube Project controls all changes (additions, deletions, and modifications) to the software or hardware baseline as Discrepancy Reports (DRs).  Once the UW IceCube Project Office approves the DR, LBNL IceCube Project approves and documents the installation of the new/modified code or item.

Changes to approved requirements documents or baseline design shall be approved by the same functions approving the baseline document or design.
6.2.3
Control of Documents

The LBNL IceCube Project will establish and maintain a master data bank to maintain and track the following:

· All contractually deliverable data 

· Select engineering notes

· Important correspondence between LBNL and the IceCube team members

· Reference documents 

· Test data

· Discrepancy reports

· A comprehensive index of drawings with revisions in effect.
The above documents are controlled as follows:

1. Authorized personnel approve every controlled document prior to issue. 

<Please list the titles of the persons having approval authority>

<Not all of the documents above need to be approved.  Please note which of these documents will be approved>

<It there a method by which LBNL assigns document numbers.  Lower level documents such as board layout drawings can be assigned a # from LBNL's doc control system.  They do not need to be assigned a "9000-xxxx" #>

< Is  there a scheme by which revisions are assigned?  Is the original released version 0, A, - or other?>

<Is there a presiding LBNL doc control process to which this should refer?>

<Please review 9000-0004 for references to Process, Top Level & Supporting Documents>

2. The required approval signatures explicitly identify these documents.

3. Issue of revisions follows the same procedure as the initial release.

4. A documentation master list identifies the latest revision level of a given document.

5. Obsolete documents are removed from points of use at the same time that new revisions are distributed.

6. Retained copies are stamped as OBSOLETE or HISTORY and kept separate from current ones. 
6.2.4
Control of Records

The LBNL IceCube Project will file and store all controlled documents with the LBNL Data Center. The data will be retained for a minimum of 5 years beyond the service life of IceCube. This ensures that the records are can readily be retrieved.

6.2.5
Traceability of Parts, Materials, and Components

The LBNL IceCube Project traces parts and materials using the supplier's lot-date code system.  Suppliers of critical parts, materials, and components are required to provide traceability to the assembly lot, qualification lot or test lot as applicable.  LBNL will record traceability data in an "As Built Parts List" and include it with the shipment of the end-items.
6.3
Purchase Controls

The LBNL IceCube project controls its suppliers through the following activities:

· Evaluate all suppliers 

· Perform pre/post award surveys

· Prepare procurement documents with applicable quality assurance standards

· Perform source and receiving inspection 

· Maintain quality/reliability history

· Maintain a list of approved suppliers and subcontractors.

Qualified LBNL personnel inspect and verify all purchased products.  For standard products receiving inspection is limited to the identification of the product, review of the attached records, and packaging for damage during transportation.  This is also addressed in paragraph 6.7.

6.4
Manufacturing Controls

LBNL personnel ensure that the IceCube hardware and software is developed and produced under the appropriate conditions.  When necessary it prepares specific work instructions and defines workmanship criteria for special processing, fabrication, installation, inspection, and testing.   The workflow for the DOM Main Board is depicted below:

[image: image1.wmf]
6.4.1
In-process inspection

In-process inspections are specified for the components where manufacturing is considered to be a high risk based on the following criteria:

· Items that have not been produced in quantity, production has been limited to the laboratory environment, or some processes are new. 

· Processes where the resulting output cannot be verified by subsequent inspections.  

6.4.2
Completed Item Inspection and Testing

Completed items are inspected and tested in accordance with approved test plans and instructions.  Test personnel record and document all results.  Test failures are recorded on a Nonconforming Material Report (NMR) and in a discrepancy log. The failed items are placed in a withhold status pending disposition and resolution of the problem.  After completion of final test and inspection, any modification, repair, or replacement requires re-inspection and retest.

The Engineering Manager or a representative who has responsibility for the quality of the end-item will complete final review and acceptance of the device.

6.5
Measuring and Test Equipment

Inspection, measuring and test equipment is controlled by periodic calibration against certified measurement standards and records kept as evidence of adequate control.  Each piece of equipment is identified with a label that indicates its serviceability and calibration status.  All subcontractors and suppliers are responsible for appropriate calibration of their measuring and test equipment used in conjunction with LBNL IceCube procurements.

6.6
Non-Conforming Material

When a nonconformance is detected, it is recorded in a Nonconforming Material Report and the nonconforming item is withheld from the normal production flow pending disposition and resolution of the problem.  Qualified LBNL personnel investigate the problem to determine cause and one of the following dispositions:

1. Minor discrepancy repair

2. Rework to drawing
3. Obvious scrap
4. Return to supplier for rework or replacement
5. Submit to Material Review Board action.  If none of the above dispositions can be used to resolve the problem, it is submitted to the MRB.   

The MRB consists of representatives of engineering, management, and quality.  It may include others members selected on the basis of their technical knowledge and experience in design, as needed to make a proper determination.   The MRB may make the following dispositions:  "use as is", repair, or scrap.  

The UW IceCube Project Office has given LBNL authority to dispensate non-conforming material that meets the definition of a Class 2 issue. The MRB will submit a report to the UW IceCube Project Office within 5 working days following every meeting.  

LBNL will submit Class 1 changes to the UW IceCube Project Office for approval.  This applies to all discrepancies that cannot be completely eliminated by rework or reduced to a minor nonconformance by repair and which will adversely affect performance, reliability, operations, and safety.

Nonconforming material will be clearly identified and segregated so that it cannot be mixed up with conforming product or re-enter the production system until dispensation is complete.

6.7
Handling, Storage, and Delivery

Detailed instructions and procedures for handling, storage, and delivery are provided as necessary to prevent damage to finished products during shipping from LBNL.  Packaged items that are subject to deterioration because of environment shall include the necessary special instructions on the exterior of the package.

To ensure adequate control of quality in the packing and shipping operation trained LBNL personnel performs the following controls:

· Inspection of packaging and shipping in accordance with applicable specifications and instructions

· Visual inspection of hardware for obvious physical damage due to handling.

Items that have encountered any suspect overstress, either electrical or environmental (including dropped hardware) is identified and processed as nonconforming material.
6.8
Corrective & Preventive Action (CAPA)

The LBNL IceCube Project will maintain a comprehensive CAPA system applicable to design, purchasing, manufacturing, and testing to prevent and/or correct conditions that might result or have resulted in substandard or defective products.  The CAPA system is integrated with the non-conformance product activity and it is monitored by the MRB.  Investigations and studies will be conducted, as required, to define the appropriate CAPA.   The LBNL IceCube Project will maintain records of events, causes, and actions taken.

CAPA will extend to LBNL IceCube suppliers of goods and services.  Records of CAPA and MRB activities will be supplied to the UW IceCube Project Office.

7.0
Training

LBNL recognizes that an appropriate management structure, a proficient staff, and a systematic approach in planning work functions are key elements in sustaining a satisfactory level of quality performance.  As indicated in Paragraph 5.0, the LBNL IceCube Project has established a team with extensive experience in large physics projects and work in Antarctica.  

It is the policy of the Laboratory to assist and encourage employees to obtain skills, knowledge, and abilities that increase the effectiveness of work performance in their present position and improve their career opportunities within the Laboratory.  Every employee's annual performance evaluation includes development goals and a plan for attaining those goals during the coming year. Each Laboratory manager is responsible for ensuring that employees and participating guests under his or her supervision are:

-
Properly trained in emergency and safety procedures and are provided a safe and healthful working environment, free from undue hazards.

-
Properly trained in those processes, procedures and device-related tasks applicable to their job responsibilities.






