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Scope
Lafayette College ECE Department is pleased to propose the design, fabrication, and
deployment of an Energy Transfer Subsystem (ETS) to be integrated into the Lafayette
Photovoltaic Research and Development System (LPRDS) by the end of the Spring term,
2009.
LPRDS-ETS-2009 shall include the following major components
•

A raw DC array power interface with safety features.

•

An energy storage system.

•

An energy delivery system providing 120VAC 60 Hz power to the LPRDS
transfer switch.

•

A SCADA (Supervisory Control and Data Acquisition) system supporting a range
of diagnostic and operational activities.

•

Informative Status displays for public view and demonstration

•

Expandability for future development

The ETS shall be installed in Acopian Engineering Center room 401 and shall reliably,
safely, and maintainably operate as part of the existing (Department Furnished
Equipment, DFE) LPRDS, performing a continuous demonstration of PhotoVoltaic
energy conversion over a 5-year service life.
This document describes the high-level management and technical requirements for the
project.

5

Applicable Documents
A detailed description of the DFE Photovoltaic system that the ETS-2009 must integrate
with, including detailed electrical specifications for interfacing, is contained in Lafayette
ECE Photovoltaic Research and Development System Technical Reference, WD Jemison,
CT Nadovich, 32 pp., 26 Dec 2008.
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Schedule Requirements
The LPRDS-ETS-2009 shall be designed, developed, fabricated, tested, demonstrated,
and documented by a student team during a challenging 14-week schedule.
Key milestones in the program are as follows.

Kickoff meeting
26 Jan 2009
At this meeting, the program team will be assembled for the first time. Team organization
will be decided and initial action items and design exercises assigned. The major goal of
the kickoff meeting is to set in place a course of action for resolving major design
questions and establishing a management plan to organize the team and execute the work
necessary for a successful PDR.

Preliminary Design Review (PDR)
9 Feb 2009
At PDR, the engineering team will present a preliminary design of the LPRDS-ETS-2009
along with a management plan. Together these will form the initial Plan of Record (PoR)
presented live and documented in a written PDR Report (D001). The main live
presentation of PDR shall be high level, with sidebar meetings scheduled immediately
afterward to cover specific critical topics in more detail.
The PDR is a multi-disciplined technical and management review to ensure that the PoR
can proceed into a detailed design that meets the stated performance requirements within
cost, schedule, risk, and other system constraints. PDR is successful if the subsystem
design, subsystem requirements, test strategy, and management plans form a satisfactory
basis for proceeding into detailed design and test procedure development.
Technically, PDR assesses the system design as captured in preliminary specifications for
each major subsystem, along with interface specifications linking the subsystems. The
team demonstrates that each functional requirement has been allocated to one or more of
these subsystems. Subsystems may consist of hardware, firmware, and software
elements, and may include such items as power drivers, sensor conditioning, digital
controllers, communication links, and software modules.
Once it is shown that each overall requirement is allocated to one or more subsystems,
the team demonstrates that subsystem requirements correctly and completely implement
all system requirements allocated to the subsystem and that the interfaces “match up” and
allow the subsystems to do their jobs.
Finally, the team presents a preliminary acceptance test strategy that will be the basis for
the overall system acceptance test plan to demonstrate compliance with all requirements.
Management wise, PDR is evaluated for financial and schedule realism based on the task
organization, budgets, schedules, and risk assessments presented by the team. The most
important aspect of the management evaluation is that the team has clearly managed the
responsibility of meeting each requirement and producing each deliverable.
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At PDR Senior Management gauges whether the team understands the requirements,
whether the hardware, human, and software preliminary designs are complete, and
whether the team is organized sufficiently to start detailed design and test procedure
development.

Critical Design Review (CDR)
9 Mar 2009
At CDR, the engineering team will present the detailed design of the LPRDS-ETS-2009
along with a revised management plan, updating the Plan of Record (PoR) presented live
and documented in a written CDR Report (D002). The main live presentation of CDR
shall be high level, with sidebar meetings scheduled immediately afterward to cover
specific critical topics in more detail.
The CDR is a multi-disciplined technical and management review to ensure that the PoR
can proceed into fabrication, integration, and test. At CDR the team demonstrates that the
detailed design is complete and that it will meet the stated performance requirements
within cost, schedule, risk, and other system constraints. CDR is successful if the detailed
design and management plans form a satisfactory basis for proceeding into fabrication,
integration and test.
Technically, CDR assesses the system detailed design as established in fabrication
specifications and test plans for all subsystems identified. It ensures that each subsystem
has been captured in the detailed design documentation, and that test plans will verify
compliance with requirements.
Fabrication specifications for hardware enable the fabrication of physical parts, and may
include production drawings, schematics, and Bills of Materials (BOMs). Fabrication
specifications for software (e.g., Software Design Documents and Functional
Specifications) enable coding of a software item.
Test plans for hardware include procedures for bench measurements and experiments for
demonstrating hardware compliance. Test plans for software include test benches and
scaffolding for software module verification.
Fabrication specifications and test plans provided at CDR must be shown to meet the
requirements stated for each subsystem in the PoR. To the extent that the PoR has
changed since PDR, the team again must demonstrate that each system level functional
requirement still has been allocated to one or more subsystems and that subsystem
requirements correctly and completely implement all system requirements allocated to
the subsystem and that the interfaces “match up” and allow the subsystems to do their
jobs.
Included in the CDR is a presentation of the draft Users Manual, D003, describing the
system from the practical perspective of the end user, and the draft Acceptance Test Plan
(ATP), D005, that enumerates system level testing that will demonstrate compliance with
all system level requirements.
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Management wise, the progress-to-date and revised PoR is critically evaluated for
financial and schedule realism based on costs-to-date, and the budgets, schedules, and
risk assessments presented by the team.

Purchasing Deadline
12 Mar 2009, 5 PM
All fabrication that relies on the Lafayette College machine shop or any outside vendor,
including PC board fabrication, must be ordered by this deadline. Every subsystem BOM
presented at CDR must be on order by this date.
Unused monies from the program budget can be reallocated by the ECE Department after
this date. Therefore, no Purchase Requests for outside fabrication, subsystem BOM items
presented at CDR, or major component will be approved after this date.

Manufacturing Deadline and Quality Assurance Audit
5 Apr 2009
All subsystems shall be completely manufactured and tested by this deadline. This
includes all hardware and software components. The team will conduct a Quality
Assurance (QA) Audit to review the results of subsystem tests and to revise the PoR as
required. Senior Management will review the results of the QA Audit as the QA Audit
Report, D007.
System integration shall begin no later than this day.
The final ATP, D005, is due to Senior Management no later than this day.
The final Users Manual, D003, is due to Senior Management no later than this day.

Acceptance Testing Completed
27 Apr 2009
Acceptance testing shall be successfully completed and the Acceptance Test Report
(ATR), D006, submitted to Senior Management by this deadline. It is anticipated that the
system will be completely integrated and ATP execution will begin on or about 20 April.
Senior Management shall be invited to witness any and all portions of the execution of
the ATP.

Formal Demonstration and Delivery
29 Apr 2009
The team will present the completed system to all interested parties at this time. The
presentation will be per GPR011, and shall include a verbal presentation of the technical
design and management experience, along with a live physical demonstration.
Project materials shall be disposed of per GPR012 no later than 8 May.
The complete maintenance manual, D004, is due no later than 8 May.
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Program Management Requirements
Budget for Direct Costs
Direct Labor and Materials costs, including shipping costs, for the entire LPRDS-ETS2009 shall be limited to $4,000.
Any direct item to be purchased must be requested on a Lafayette ECE Department
Purchase Request form. A member of Senior Management must approve all requests. The
team shall keep a binder or spreadsheet with all approved purchase request forms. These
should be tracked by the team against orders and received material. It is recommended
that a single Task Group or individual be assigned for managing material procurement.
The ECE Department Secretary will not accept unapproved requests nor will the
Secretary accept requests that are not on the standard form. Basis for approval will be the
degree to which the expense fits with the project plan of record. Overnight shipping will
not be approved.
Running totals of costs incurred must be included with each weekly status letter and
should be updated daily or even in real time if necessary, especially near the purchasing
deadline. Updated cost reports and budgets shall accompany requests for major
purchases.
The received material may be stored in the empty cabinets and shelves in rooms 400 and
412. It is the responsibility of the team to receive, inventory, and preserve the stock of
received material.

Labor Resources, Management, and Organization
A team of ECE Seniors shall comprise the entire engineering labor pool.
The overall team shall be divided into small (2-3 student) groups based on the labor
demands of the subsystem breakdown, requirements, schedule, and deliverables. The
management plan (schedule, WBS, status letter, and time reporting) must show what task
groups exist, what individuals are assigned to them at any given time, and what
requirements, subsystem types, schedule items, and deliverables are the responsibility of
these groups.
Each student should be a member of at least two active groups at any given time, but no
students should be a member of a disproportionally large number of task groups.
The management plan should include a compliance matrix that shows how system
requirements and deliverables have been exhaustively assigned to task groups.
To promote accountability and avoid inconsistency, every required deliverable should be
assigned to only one task group or individual specifically responsible for “pulling
together” that deliverable. Multiple groups may contribute to certain deliverables (e.g.
several groups will contribute test plans to the overall QA Audit plan) but a single group
or individual should be assigned as the editor and presenter of that deliverable.
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All team members shall keep records of their labor hours itemized per task group. These
records shall be collected and summarized in the Weekly Status Letters D009-1 thru
D009-13.

Action Items
During meetings, in the discussions the team and/or Senior Management often will reach
decisions that something should be changed, altered, or otherwise acted upon in the
future. The action may be a change in the PoR, the resubmittal of a non-compliant
deliverable, or it may be an unrelated action necessitated by project activity – anything
future action decided upon that is not directly part of the plan.
For example, it might be agreed during one meeting that it would be nice to paint all the
system green, but nobody knows if the NEC prohibits the use of green paint in electrical
boxes. Someone will need to research this and report back to the group. That research
would be an Action Item.
Such independent decisions to act are called Action Items and it is a management
requirement that the team keep an explicit written list of these items as they are created
and completed. The list should include the following for each Action Item
•

The date/time the AI was created

•

The person or task group responsible for completing the AI

•

The required date/time for completion of the AI

•

A description of the AI

Action Item status will be reviewed every week at the status meeting and the list of
recently completed, active, and new Action items should be attached to the status letter.
Note that Action Items are not scheduled tasks that are part of the project plan, although
they sometimes can result in changes to the Plan of Record (PoR). Action Items are
initially project-independent actions that represent project management overhead. The
goal of everyone should be to minimize or avoid generating action items. Excessive
Action Items add a burden that can threaten the success of the project.

Overhead Resources
The Lafayette College Engineering Division shops and labs shall be the primary technical
resource for fabrication. External contract fabrication facilities may be utilized when
necessary, subject to the budget for direct costs.
The team should be aware of the engineering drawings, supporting documentation, and
general lead-time that will be required by the machine shop and other resources, factoring
these into the project tasks and schedule.
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Deliverables and Data Items
All LPRDS-ETS-2009 hardware and operational software shall be installed permanently
in AEC Room 401. Final disposal of all project materials shall be per GPR012.
All data items, reports, and forms shall be in compliance with GPR001.
Documents must be delivered electronically to all members of Senior Management and
must be uploaded to the project web site by the due date. To meet both these delivery
stipulations it is sufficient for the team to email Senior Management a short note
describing the delivered document along with a URL link to the document on the web.
Deliverable
D001
D002
D003-Draft
D003
D004
D005-Draft
D005
D006
D007
D008

Description
PDR Report
CDR Report
Draft Users Manual
Users Manual
Maintenance Manual
Draft ATP
Acceptance Test Plan
Acceptance Test Report
QA Audit Report
Project Web Site

D009

Weekly Status Letter

D010

Weekly Status Meeting

D011

LPRDS-ETS-2009
Integrated System

Due Date
9 Feb (10 AM)
9 Mar (10 AM)
9 Mar (10 AM)
6 April (5 PM)
8 May (5 PM)
9 Mar (10 AM)
6 April (5 PM)
27 April (5 PM)
6 April (5 PM)
Must be updated with each data item
submittal.
Every Monday, 2 Feb – 4 May,
excepting 16 March (one hour before
D010)
Every Monday, 26 Jan – 4 May,
excepting 16 March
Final disposition per GPR012
no later than 8 May (5 PM)

D001: PDR Report
All materials presented or referenced at PDR shall be collected into a single PDR Report
document. This document is due to Senior Management at least 1 hour prior to the
commencement of PDR.
The PDR Report must include the following items:
1. A system-design baseline, including detailed and complete hierarchical subsystem
breakdown (see example on page 39). This breakdown shall be reflected in all
other documentation consistently. Each subsystem type shall be tagged with a
unique type identifier, and each instance of a subsystem shall have a reference
designator. Traceability matrices, risk assessments, schedules, etc… shall all be
consistent with this breakdown.
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2. A requirements analysis (traceability matrix) showing that the design addresses all
requirements and constraints. The traceability matrix (see example on page 54)
shall allocate every top level requirement to a functional requirement or interface
in at least one subsystem, and every subsystem shall have each of its functions
and interfaces related to at least one top level requirement.
3. A risk assessment (see example page 44) identifying critical areas of risk and
strategies for managing or ameliorating potential adverse consequences of that
risk.
4. A cost analysis and detailed program budget that demonstrates compliance with
financial constraints.
5. A task breakdown (Work Breakdown Structure, or WBS) and detailed program
schedule (An example of the process for generating a WBS and Schedule is given
on page 49) identifying system and software critical path drivers to meet schedule
constraints. The task breakdown must identify the task groups that will
accomplish each task item.
6. A preliminary system acceptance test strategy applicable to this phase. This
should be a high level description of how the team will prove that the final
fabricated system meets all requirements.
7. An electrical Safety Plan per GPR005 (example on page 37)
8. An ethics analysis per GPR010.

D002: CDR Report
All materials presented or referenced at CDR shall be collected into a single CDR Report
document. This document is due to Senior Management at least 1 hour prior to the
commencement of CDR.
The CDR Report must include the following items:
1. An updated system design, comprising the final, detailed, and complete
hierarchical subsystem breakdown. This breakdown shall be reflected in all other
documentation consistently. Each subsystem type shall be tagged with a unique
subsystem type identifier, and each instance of a subsystem shall have a reference
designator. BOMs, test plans, ICDs, schedules, etc… shall all use the same
breakdown.
2. Detailed specifications for each subsystem type, including interface definition and
functional requirements.
3. Subsystem test plans or test benches for each subsystem type. These shall include
step-by-step instructions for testing the function and interface of each subsystem
with a report template for recording results that includes specification limits and
clear pass/fail criteria.
4. Reports or white papers documenting analysis that demonstrates compliance with
any requirement that is not “obviously” met by the design. Specifically required at
CDR are
• An analysis of current, dissipation, temperature, and voltage ratings per
GPR005.
• A reliability analysis, per GPR006.
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A maintainability analysis, per GPR007.
A manufacturability analysis of tolerances per GPR008, including Monte
Carlo simulation.
• A sustainability analysis, per GPR009.
Any new requirements that result from these analyses automatically become part
of the project requirements and shall be addressed in the design.
5. Operation of critical circuits shall be simulated and proven against test benches
using SPICE, Modelsim, or other simulators. Simulation results shall be presented
at CDR.
6. Interface control specifications captured in an interface control document and
System Drawing that documents the exact way subsystem types are instantiated
and interconnected. Pinouts of all connectors, conductor assignments in cabling
shall be documented in the ICD.
7. “Build to Print” fabrication specifications for all subsystems requiring outside
fabrication.
8. An enhanced requirements analysis (traceability matrix) showing that the detailed
design and testing meets all requirements and constraints. The traceability matrix
shall allocate every top level requirement to a functional requirement and/or
interface specification in at least one subsystem, and every subsystem shall have
each of its functions and interfaces tied to at least one top level requirement.
9. A revised risk assessment identifying critical areas of risk and strategies for
managing or ameliorating potential adverse consequences of that risk.
10. A revised cost analysis and detailed program budget that documents costs to date
and demonstrates compliance with financial constraints.
11. A revised program schedule that documents progress to date and identifies system
and software critical path drivers to meet schedule constraints.
12. A draft system level Acceptance Test Plan. All requirements met by analysis must
have the analytic work completed in this draft. Final approved plan to be
complete by 6 April.
13. A draft Users Manual (final approved users manual to be complete by 6 April).
•
•

D003: Users Manual
A users manual, per GPR001, shall be provided.

D004: Maintenance Manual
A maintenance manual, per GPR001, shall be provided.

D005: Acceptance Test Plan
The Acceptance Test Plan (ATP) is a document that describes how the system as a whole
will be tested so as to prove compliance with all requirements and specifications. The
ATP should include forms that can be filled out by testers during execution. These filled
out forms will be used to create the ATR.
Compliance can be proved in any of the following three ways:
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•

Analysis – detailed logical analysis can demonstrate compliance by reasoning
from known facts in the form of a proof.

•

Test – an explicit test, experiment, or demonstration can be used to make
compliance with a certain requirement obvious

•

Inspection –compliance is already evident by directly examining the system

The ATP should be arranged to minimize the work involved in testing. If possible,
multiple requirements should be demonstrated by each test. Senior Management can
waive Inspections of obviously met requirements.

D006: Acceptance Test Report
The Acceptance Test Report (ATR) is a document that documents the results of the
execution of the ATP. A member of Senior Management must witness the performance
of the ATP and sign the ATR. The ATR should include measured data and analysis
results that demonstrate compliance with all specifications. Each test should have the
following items noted
•

Date/Time

•

Person Performing Test

•

Senior Management representative witnessing test.

•

Test Results

•

Relevant Specs and Requirements

•

Pass Fail Criteria

•

Pass Fail Determination

The testers and witnesses must physically sign the overall document. Since the test
reports will likely include such handwritten content, they need to be scanned and
preserved in electronic form. The paper document must be handled per GPR001 and
GPR012.

D007: QA Audit Report
This report comprises the results of subsystem testing per the subsystem test plans. It
shall adhere to the documentation standards of GPR001. Since the test reports will likely
include handwritten content, they shall be scanned and preserved in electronic form. The
original paper must be disposed of per GPR012.
For each subsystem type, the QA Audit Report should include a record of the testing of
each instance of the subsystem, including the date and time of the testing along with a
handwritten signature of the test technician. The testing record shall include actual test
results explicitly recorded compared against specification limits and pass/fail criteria with
each result clearly marked as pass or fail.
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D008: Project Web Site
A project web site is required per GPR001 and GPR012. The URL of the web site shall
be
http://www.lafayette.edu/~ece492-2009
The content of this site shall be professionally presented and organized. The site must
serve the real time needs of the project, but also must be left as a useful resource for
reference in the years to come.

D009: Weekly Status Letters
Every week of the project (except the first), at least 1 hour prior to the Monday meeting,
the team shall submit a Weekly Status Letter to Senior Management. This letter shall
contain the following items.
•

A schedule status report with a list of new task items begun, task items active,
task items completed the previous week. Special discussion shall be given to any
task items that are late.

•

A list of newly created Action Items, open Action Items, and Action Items
completed the previous week.

•

Current membership in active task groups. Newly activated groups. Groups that
have been disbanded.

•

A Labor Hour Report for the previous week listing the labor hours spent on each
WBS task that week, with life-of-project running totals per task, per group, and
per individual. Actual labor hours and running totals should be explicitly
compared against the plan.

The letters shall be marked with deliverable numbers D009-1 thru D009-13. They shall
be delivered electronically per GPR001.

D010: Weekly Status Meeting
Every Monday from Jan 26 thru May 4, excepting 16 March, the team will conduct a
weekly status meeting with all team members and Senior Management in attendance. The
team will present a summary of their weekly status letter, discuss ongoing problems and
issues with the project, make task assignments, and decide on new action items.
As part of Monday meetings, Senior Management will also expect to see brief, informal
presentations by the team concerning technical issues relevant to the current stage of the
project.
Additional lab/class time is scheduled beyond the Monday meeting. This is not intended
for full team meetings, but rather as open time for general project work. In addition, it is
assumed that team members will schedule additional non-class time as required for them
to complete their assigned tasks on time.
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D011: LPRDS-ETS-2009 Integrated System
All the integrated hardware, software, and firmware constituting the LPRDS-ETS-2009
system shall be installed in AEC room 401. Any additional parts, subsystems, paperwork,
tooling, or other physical material associated with the system should be disposed of per
GPR012. Soft copies of all deliverable data items shall be placed on the project web site
per GPR012.
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Technical Requirements
Figure 1 shows LPRDS-ETS-2009 in the context of the Department Furnished
Equipment (DFE) that constitutes the overall LPRDS.

Figure 1. The LPRDS-ETS Installed in Context
Figure 2 is a high-level block diagram showing the major components of the LPRDSETS.
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Figure 2. LPRDS-ETS-2009 Top Level Block Diagram

R001: Raw Power Interface
The LPRDS-ETS-2009 shall accept a feed of electrical energy as high voltage DC from
the PV array through conductors that run from the roof-mounted PV array to room 401.
The LPRDS-ETS-2009 shall provide a Raw Power Interface (RPI) subsystem that
addresses all requirements for interconnecting the PV feed conductors to the rest of the
LPRDS-ETS-2009.
The RPI must meet all requirements stated in the NFPA-70 National Electrical Code
(NEC), 2008 edition, with specific emphasis on Article 690 and other relevant articles as
well as in compliance with the safety plan.
The RPI must be firmly attached to the wall in AEC401 in a visible location at a
convenient height and permanently wired to the PV feed conductors in a manner
consistent with good practice.
A shutdown switch, compliant with NEC 690, must be provided as part of the RPI. When
the switch is open, DC energy from the PV array shall not be conducted to the rest
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LPRDS-ETS. This switch must be easy to operate, mounted on the RPI in a visible
location, and must have the ability to be key-locked in the disabled state.
An indicator light shall be provided on the RPI that illuminates when the RPI disconnect
switch is closed and DC energy is present and connected to the rest of the LPRDS-ETS.
The RPI shall have a safety interface with the rest of the LPRDS-ETS designed in such a
manner that a fault anywhere in the LPRDS-ETS system will cause the RPI to disconnect
the DC energy from the PV array and go into a fault state. A fault indicator light shall be
provided on the RPI that illuminates when a fault has caused the shutdown of the RPI.
The RPI must be built with a normally open isolation relay or equivalent wired in such a
way that when the safety interface is interrupted or not present, no voltages will be
delivered.
All voltages outside the RPI must decay to below 30 V within ten seconds of when the
relays are disconnected. For example, filter capacitors must have bleeder resistors across
them.
The RPI must have closable access ports allowing a electrical probe to make contact with
each extreme of the HV system. These will be used to permit testing the isolation
stipulated by the safety plan. Optionally, access to the same electrical nodes may be
provided at another point.
Any RPI enclosure must have a prominent indicator, such as an LED, that will illuminate
whenever the enclosure contains a voltage greater than (at a maximum) 30V. This must
be clearly visible in bright room light. As an alternative, the RPI may contain an
embedded analog meter clearly visible from the outside.
The RPI enclosure and mounting system must be sturdy. The materials used to construct
the container should ideally be electrically insulating, mechanically robust, fireproof, and
transparent to allow easy inspection. Not all of these properties are available in a single
material, but the following are required:
•

Mechanically robust, fireproof insulating material (e.g., Nomex) between live
electrical parts and any conductive portions of the container.

•

Adequate structural robustness for the weight of the equipment within.

•

There must be no unintentional electrical conduction paths through any of the
walls of the container. (Metal screws, rivets, etc.)

•

The container must be prominently labeled with high voltage signs, at least 30 sqin, with a red (or white on red) lightning bolt and the text High Voltage or Danger
High Voltage.

A suitably designed and rated electrical connector permanently mounted on the RPI shall
provide access to the high voltage DC from the PV array. This connector shall allow the
rest of the LPRDS-ETS-2009 to be reliably, easily, and safely connected to the RPI
through cabling. A locking means shall be provided such that the connector will not unmate should the attaching cable be tugged. This connector shall have a service life of at
least 1000 mates.
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An interface to the SCADA system shall be provided, with format as required for
supervisory functions.
At a minimum, the SCADA shall be able to monitor voltage and current on all interfaces
of this subsystem, internal temperature in all critical locations of this subsystem, and
operational or fault state. In the case of sinusoidal AC interfaces, measurement of the
phase angle between voltage and current is also required.

R002: Energy Storage
The LPRDS-ETS-2009 shall include an Energy Storage Subsystem (ESS) that will
include an Energy Accumulator (e.g. battery, capacitor, or other) to store excess electrical
energy available from the PV array and later deliver that stored energy to the Energy
Delivery subsystem.
The ESS shall have the largest possible storage capacity, subject to the other constraints
on this project. At a minimum, the ESS shall store enough energy to run the SCADA
overnight after several cloudy days, and to ensure an impressive demonstration of the
system during a 6-9 PM session in late April (e.g. to cook burgers and hot dogs for the
class and guests during the system ATP and demo).
The discharge power capacity of the ESS shall be able to meet the power requirements of
the Energy Delivery subsystem when that system is delivering the maximum required
power to a load.
The ESS shall be internally protected from excessive charge or discharge rates, excessive
overcharge, and excessive discharge.
A shutdown switch, compliant with NEC and the safety plan must be provided as part of
the ESS. When the switch is open, DC energy from the energy accumulator shall not be
conducted to the LPRDS-ETS. This switch must be easy to operate, mounted on the ESS
in a visible location, and must have the ability to be key-locked in the disabled state.
An indicator light shall be provided on the ESS that illuminates when the ESS disconnect
switch is enabled and DC energy is present and can be connected to the rest of the
LPRDS-ETS.
The ESS shall have a safety interface with the rest of the LPRDS-ETS designed in such a
manner that a fault anywhere in the LPRDS-ETS system will cause the ESS to disconnect
the DC energy from the accumulator and go into a fault state. A fault indicator light shall
be provided on the ESS that illuminates when a fault has caused the shutdown of the
ESS.
The ESS must be built with a normally open isolation relay or equivalent wired in such a
way that when the safety interface is interrupted or not present, no voltages will be
delivered.
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All energy storage in the ESS must be in closed containers with safety interface,
indicators, and controls as required herein. Containers must include an appropriately
rated fuse or circuit breaker. The safety relays must be rated to interrupt the rated fuse
current at the maximum expected voltage.
Multiple energy storage containers connected in series may be isolated by a total of two
relays, provided that interconnects between the containers are protected by nonconductive conduit anchored solidly to the containers. All voltages outside the energy
storage container must decay to below 30 V within ten seconds of when the relays are
disconnected. For example, filter capacitors must have bleeder resistors across them.
The energy storage containers must have closable access ports allowing a electrical probe
to make contact with each extreme of the HV system. These will be used to permit testing
the isolation stipulated by the safety plan. Optionally, access to the same electrical nodes
may be provided at another point.
Each energy storage container must have a prominent indicator, such as an LED that will
illuminate whenever that container contains a voltage greater than (at a maximum) 30V.
This must be clearly visible in bright room light. As an alternative, the battery container
may contain an embedded analog meter clearly visible from the outside.
The energy storage container and mounting system must be sturdy. The materials used to
construct the container should ideally be electrically insulating, mechanically robust,
fireproof, and transparent to allow easy inspection. Not all of these properties are
available in a single material, but the following are required:
•

Mechanically robust, fireproof insulating material (e.g., Nomex) between live
electrical parts and any conductive portions of the container.

•

Adequate structural robustness for the weight of the accumulator.

•

There must be no unintentional electrical conduction paths through any of the
walls of the container. (Metal screws, rivets, etc.)

•

The container must be prominently labeled with high voltage signs, at least 30 sqin, with a red (or white on red) lightning bolt and the text High Voltage or Danger
High Voltage.

•

Systems capable of venting hydrogen gas (batteries) must have a ventilation
system that is active whenever the system is charging, whether from on-board or
off-board sources.

An interface to the SCADA system shall be provided, with format as required for
supervisory functions.
At a minimum, the SCADA shall be able to monitor voltage and current on all interfaces
of this subsystem, internal temperature in all critical locations of this subsystem, and
operational or fault state. In the case of sinusoidal AC interfaces, measurement of the
phase angle between voltage and current is also required.

22

R003: Energy Delivery
The LPRDS-ETS-2009 shall include an Energy Deliver Subsystem (EDS) that will
accept raw, high voltage DC from the RPI, convert the energy as required, and deliver
well regulated 120 VAC sinusoidal 60 Hz electric power to the LPRDS transfer switch
connector. The EDS will also interface with the ESS, charging, maintaining, or
discharging it as required.
The LPRDS is an experimental system that will serve as a testbed for PV research. For
this reason, the power management algorithms used by the EDS shall be coded in
software, firmware, or programmable logic by the LPRDS-ETS team, and made available
as part of the SDK so that they may be altered or expanded easily. The use, in whole or in
part, of proprietary, vendor-supplied power/energy management algorithms is not
permitted.
EDS will be connected to the safety interface that connects to both the RPI and the ESS.
Breaking or disconnecting the safety interface shall cause all systems to enter a fault state
and disconnect HV from their outside terminals.
The following requirements describe the basic algorithm that must be implemented in this
effort.
•

The EDS shall remain in shutdown until all faults are cleared and the main startup
switch is actuated.

•

Should a fault be detected at any time, the EDS will use the safety interface to
shutdown the ESS and RPI and enter a fault state.

•

Once activated, so long as there is no fault, with first priority the EDS will
convert DC energy from the PV array to meet AC power delivery needs.

•

If power delivery can be fully met by converting energy from the PV array, any
additional energy available from the PV array shall be used to charge the ESS
until the ESS is charged to full capacity.

•

If insufficient power cannot be derived from the PV array to meet AC power
delivery needs, the EDS will supplement PV power with stored energy from the
ESS.

•

If insufficient power is available from both PV and ESS systems combined, such
that it is impossible to maintain load regulation, the EDS shall drop the load and
enter an undersupply fault state.

The EDS shall not overcharge or overdischarge the ESS, nor shall the EDS charge or
discharge the ESS at rates beyond its rated capacity.
The EDS shall be properly designed with consideration of the high voltages and currents
per the electrical safety plan.
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The EDS shall be able to deliver 120 Volt RMS, sinusoidal 60 Hz AC electricity,
continuously, at a maximum sustained current of 15 Amps RMS, to a load of any power
factor.
The 60 Hz sinusoidal frequency shall be accurate to within 0.05%. Locking to
commercial mains frequency is desireable. Total harmonic distortion shall be less than
3%.
Operation at 50 Hz shall be possible with minimal changes to the hardware. A pure
software change to 50 Hz is desirable.
Load regulation shall be better than 3% for a 100% step load change.
The transient response shall be less than 5% for a 100% step load change.
The charging power capacity of the EDS shall be able to meet the charging power
requirements of the Energy Storage subsystem when that system is charging at its
maximum rate.
The EDS shall be able to switch between sources of power (PV array or ESS) without
interrupting the delivery of power to the load.
An interface to the SCADA system shall be provided, with format as required for
supervisory functions.
At a minimum, the SCADA shall be able to monitor voltage and current on all interfaces
of this subsystem, internal temperature in all critical locations of this subsystem, and
operational or fault state. In the case of sinusoidal AC interfaces, measurement of the
phase angle between voltage and current is also required.

R004: SCADA
LPRDS-ETS-2009 shall incorporate a SCADA (Supervisory Control and Data
Acquisition) system application that will provide comprehensive control and monitoring
of the subsystems in the LPRDS-ETS-2009. The SCADA shall serve as the Maintenance
User Interface for the LPRDS-ETS.
The SCADA shall be fully documented with source code, design, and end-user
documentation. It shall allow a trained human technician to easily control and monitor the
processes and internal workings of the LPRDS-ETS-2009.
The SCADA shall allow the download of new power management algorithms to the EDS.
This SCADA application software must be written in conformance with the LPRDSETS-2009 API (R006) using the delivered SDK and run on a suitable hardware platform
included with the LPRDS-ETS-2009 system.
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At a minimum, the following analog parameters shall be monitored and stored by the
SCADA
•
•
•
•
•
•

Voltage, current, and power delivered to the load
AC power factor at the load
Voltage, current, and power supplied by the PV array
Rate of charge or discharge of the ESS and estimate of the state of charge
Temperatures of all subsystems
Commercial inverter data

These parameters shall be automatically measured in real time at least 60 times a minute
and their values recorded electronically along with a time stamp at least once a minute.
Plots covering the last hour, day, week, month and year shall be generated.
In addition, the SCADA system shall log any events, exceptions, faults, or changes in
operational state of the LPRDS-ETS.
The SCADA data storage shall have sufficient capacity for retaining data records over the
lifetime of the system.
The SCADA system shall be expandable to allow the incorporation of additional
monitoring and control functions and support for new source/load power interfaces.
Expandability shall be possible without altering existing code.
The SCADA system shall interface with the commercial grid tie inverter of the LPRDS
and integrate information available from this inverter into the overall SCADA functions.
All SCADA functions shall be fully available to remote PCs through the Lafayette
College computer network. Security features shall be provided that will limit access to
authorized users.
Data storage shall be accumulated in a portable, non-proprietary format readily useable
by commonly available data analysis tools.
The SCADA shall allow the manual control of the following functions at a minimum
•
•
•
•
•
•
•
•

System startup
System shutdown
Simulate fault
Force disconnect of load
Force disconnect of PV power (run entirely on batteries)
Force disconnect of ESS (run entirely on PV)
Clear fault
Commercial inverter functions
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The capability to set alarms and shutdown rules shall be provided. At a minimum it shall
be possible to have the SCADA system automatically log an event, enable an alarm, or
declare a fault to shutdown the LPRDS-ETS should a monitored parameter cross some
predefined threshold.
A loud aural signal shall be provided, audible at least from the department secretary
office, that the SCADA can use as an alarm of a fault condition. When a fault occurs, the
alarm should sound. A “silence alarm” button shall be provided and with an indicator.
Pressing the silence button shall quiet the alarm till the next fault occurs.

R006: Applications Programming Interface and System
Development Kit
The LPRDS-ETS-2009 shall provide a fully documented software Applications
Programming Interface (API) and a System Development Kit (SDK) that an applications
programmer can use to write software applications that control and monitor all interfaces
and functions supported by the SCADA. The scope of the API must be sufficient to
support both low level debugging applications and high-level automated applications.
The SDK must include a complete toolchain, with compilers, linkers, libraries, include
files, utilities, compilers, as well as developer level documentation.
The complete SDK, including API documentation and application source under
configuration control shall be delivered to or linked by the project web site.

R008: Demonstration Application
The LPRDS-ETS-2009 shall provide a fully documented, user friendly, Demonstration
Application. The Demonstration Application must allow a non-technical, minimally
trained human user to successfully witness an automatic demonstration of the capabilities
of the LPRDS-ETS-2009 and DFE system per GPR011.
The LPRDS-ETS-2009 must include a large display that is visible through the window of
room AEC401 allowing passers-by to witness some aspects of the demo.
The Demonstration Application should be designed to provide an interesting
demonstration with few, if any, interactive options and a robust tolerance for possible
mistakes made by the operating user should interaction be possible. System damage
should not be possible with this application.
This application software must be written in conformance with the LPRDS-ETS-2009
API (R006), built with tools provided in the SDK, and run on a suitable hardware
platform included with and powered by the LPRDS-ETS-2009 system.

R009: Modifications of the LPRDS
Modifying the basic DFE LPRDS or physical alteration of the building is not permitted.
Mechanical attachments for enclosures, conduits, and other equipment may be added to
the LPRDS or Room 401 with the prior approval of Senior Management.
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R010: Power Input
The LPRDS-ETS-2009 shall draw power exclusively from LPRDS integrated sources.
The installed LPRDS-ETS-2009 shall not require any power derived from building
mains. The SCADA and Demonstration hardware must operate entirely on power
provided by the LPRDS. Operation 24 hours per day, 7 days per week, is required, per
reliability requirements.
Building power may only be used during development and QA test. No building outlets
may be used, even temporarily, for routine operation and maintenance of the ETS. All
voltages needed shall be generated by LPRDS-ETS-2009 circuitry per GPR005. The
permanent use of lab supplies in the final deliverable system is not permitted.

R011 Safety Interface
A safety interface shall be provided. This interface shall be connected to all the major
LPRDS-ETS-2009 subsystems and shall provide a mechanism by which the entire system
can be quickly and reliably shut down to a safe, un-energized state should a fault be
detected anywhere in the system. The safety interface shall be designed in a failsafe
manner so that, should it be cut, broken, or removed at any location, shutdown will
immediately occur. The safety interface must be completely independent of any other
interface. The Safety Interface shall be expandable to add safety monitoring to additional
subsystems without the need to alter LPRDS-ETS-2009 hardware or software.

R012 SCADA Interface
A Supervisory Control and Data Acquisition (SCADA) interface shall be provided. This
interface shall be connected to all the major LPRDS-ETS-2009 subsystems and shall
provide a mechanism by which each subsystem can be controlled and monitored by a
centralized SCADA system. The SCADA Interface shall be expandable to add control
and monitoring of additional subsystems without the need to alter LPRDS-ETS-2009
hardware or software.

R013 Power Source/Load Expandability
In the future it will be desirable to feed additional sources of raw power into the LPRDS
(wind, fuel-cell, bicycle generator, etc…). It also will be of interest to supply some
portion of the available power to a grid tie interface and other new loads. Although no
power interface hardware is explicitly required in the LPRDS-ETS-2009 to support such
expansion of source or load options, the overall design of the LPRDS-ETS-2009 shall not
preclude such expansion. Features in the design of the LPRDS-ETS-2009 that can
facilitate expansion are desirable.
Explicitly, it is required that some Source/Load Expandability analysis is presented at
CDR and is included in the Maintenance Manual. This analysis shall consider issues
raised by expanding the system to include other sources and loads, and shall make
technical design recommendations regarding how such expansion could be accomplished.
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General Project Requirements
The following requirements fully apply to the LPRDS-ETS-2009 unless waived or
superseded herein by specific requirements of this project. Compliance with these
requirements must be established by analysis, demonstration, or inspection. Compliance
results must be documented with the system, either in the ATR or in the QA Report.

Special Waivers and Restrictions
Analysis must show the system is compliant to GPR002; however, no formal
environmental testing or empirical data is required.
Analysis can be used to show the system is compliant to GPR003; no formal EMI/EMC
certification testing or empirical data is required.
Surface temperatures, supply current drains per GPR005 must be analytically predicted at
CDR and physically measured and verified as compliant during ATP.
The integrated Photovoltaic system must comply with the National Electric Code (NEC),
particularly article 690.
In the life cycle sustainability analysis required by GPR009, the useful system life shall
be estimated in the context of factors that could increase or decrease its longevity, both in
the short run (<30 years) and the long run. It is required that the analysis of GPR009
determines in detail the total cost of purchasing and operating of a 2 kW PhotoVoltaic
system such as the LPRDS, comparing and contrasting its performance, cost, and
sustainability with other energy alternatives available today, including those reasonably
known to be available for widespread deployment the near future. Particular attention
should be paid to externalized life cycle costs. Such external costs should be considered
separately as design options, and weighed against political and ethical constraints, and
market propensities on both the supply and demand side.
The system life for the purpose of requirements analysis other than for GPR009 shall be 5
years.
In addition to other factors, reliability analysis shall consider insolation statistics and ESS
capacity.
An electrical safety plan shall be developed and adopted by PDR. A draft safety plan
appears below (pg. 37).

GPR001: Documentation
Complete and accurate documentation must be provided with all projects. These
documents shall include documents for mechanical and electrical fabrication, test results,
software development kits, maintenance manual, user manual, and specification
compliance matrices, and technical papers. All documentation shall be accumulated in
electronic form, centralized in a project web site, and thoroughly indexed. The web site
represents the primary point of delivery for document data items.
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Text documents shall be written in a professional style commensurate with quality
standards established by Lafayette College ECE writing courses (e.g. ES225 and
ECE211).
All original paper documents should be scanned and stored electronically. The original
should be disposed of per GPR012.
Test reports for hardware and software must show the date/time of testing, name and
signature of the tester, and name/signature of any witnesses.
For all electronic PCB designs the following fabrication documents are required: dated,
and numbered schematics or mechanical drawings on Lafayette College drawing format
(Figure 5), circuit net-lists, bills of materials, artwork, assembly drawings, and all other
files and instructions necessary for CAM or manual manufacturing. The source files for
fabricating PCBs and editing linked schematics shall be clearly identified and preserved.
Documentation must be provided both for original designs and for any subcontracted
designs. For purchased vendor components within the design, all vendor manuals and
documentation shall be retained with the system. Proper mechanical drawings are
required for fabricated mechanical parts. Manufacturers data sheets and interface
drawings are required for all purchased components.
For software and firmware designs: Source code, and executable binaries for all
applications; Verilog, constraints and configuration bitstreams for FPGAs; and ROM
image files in commonly accepted JED or HEX formats for all PLDs.
A “Users” manual is required. This should be a high level document that explains all
operational procedures and techniques needed to operate the system is a safe and
effective manner, including “getting started”, “FAQ”, detailed explanations of all
functions and controls, and user level calibration and maintenance.
A technical “Maintenance” manual is required. This should be a low level document that
explains the unique technical principles and details of system operation. The
maintenance manual includes information on any advanced maintenance or calibration
techniques that could be applied by an expert maintainer. A set of schematics, pinouts of
all connectors, the signal assignments of all cables, and the semantics of all interfaces
(hardware and software) must be documented within this manual.
All documentation must be provided and delivered in electronic form. Emailing a
description of a document along with a URL into the project web site is an acceptable and
desirable form of delivery. The use of standard and portable document formats (e.g. PDF,
TXT), must be used so that the documentation can be viewed on any computer without
the need for proprietary applications. The documentation must be arranged in an
organized and professional manner on the project web site.

GPR002: Environmental
All projects must demonstrate reliable and normal functional operation in ambient lab
temperatures of 15 °C to 30 °C, 10% to 80% RH, non-condensing. The overall system
must tolerate a storage environment of 0 °C to +60 °C, 5% to 95% RH, non-condensing.
Designs should use electronic components rated for commercial temperature range (0 –
70 °C) or better.
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GPR003: EMI/EMC
Unintentional electromagnetic radiation radiated or conducted from designs must meet
US CFR Title 47 Part 15 subpart B regulations for Class A digital equipment. Intentional
radiators must meet subpart C regulations. Exemptions from 15.103 are not allowed.

GPR004: Hazmats
Hazardous materials should be avoided in designs. If use of a hazardous material is
essential to the function of the design and there is no non-hazardous alternative, the use
of the hazardous material must comply with the Lafayette College Chemical Hygiene
Plan.
All materials used in electronic circuit fabrication must meet 2002/95/EC RoHS
directives. NiCd and Lead-Acid batteries may not be used in new designs.
Any portion of the design or prototype that is discarded must be discarded according to
the Lafayette College Chemical Hygiene plan. Also, projects should discard the collected
electronic waste in an ecological-friendly manner as per the 2002/96/EC WEEE directive,
either by ecological disposal or by reuse/refurbishment of the collected waste.

GPR005: Safety and Good Practice
All work shall comply with good industry practice that enhances reliability and
maintainability. These practices include such items as
•

•
•
•

•
•
•

Color coded wiring in accordance with applicable industry standard color codes
(e.g. NFPA 79 or UL508 for power wiring, EIA/TIA 568 for network wiring,
etc…)
Clear labeling of all controls and indicators.
An obvious and clearly labeled system-wide power shutdown switch.
Silkscreen on PCBs that includes reference designators, noted power supply
voltages and other critical signals. Silkscreen must show a Lafayette College logo,
the words “Made in USA”, a RoHS logo, assembly number and revision, and
designated locations for serial numbers to be attached or written. PCB bottom
copper should have text indicating the board part number and rev.
Fuses shall be socketed; breakers shall be resettable. All are readily accessible per
maintainability requirements.
Service loops on all cable harnesses.
Access panels on enclosures.

Software/firmware developed must adhere to the principles and practice established in
Lafayette College course CS205. Source code must be maintained under configuration
control.
FPGA Logic shall be defined in HDL according to the rules and guidelines established in
Lafayette College course ECE491.
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Computer processors shall have reset buttons that are readily acceptable for maintenance,
but not so easy to hit that they degrade reliability.
Current drain analysis must be provided for all power supplies. Each supply voltage must
have a current rating with a 50% safety factor over the anticipated peak current in
nominal operation.
All resistors or other parts dissipating more than 25 milliwatts shall be identified and
analysis shall be provided that shows all such parts are properly rated for peak and
average power dissipation and have a proper heat sink and fan, if necessary, that provides
adequate cooling over the ambient temperature range.
Fans should be protected with grilles and filters. EMI analysis must consider the fan
opening and specify EMI tight grillework if necessary.
Components must be cooled such that the surface temperature is no greater than 40
degrees C above ambient.
Power dissipation rating of parts shall be 50% overrated over the required temperature
range.
Working voltage and ripple current rating of capacitors shall be 25% overrated above the
peaks anticipated, including all expected glitches, spikes, and tolerance limits.
Project activities must adhere to the general Lafayette College safety policy, possibly
augmented by any ECE Department or ECE Laboratory safety rules. Applicable rules are
those in effect on the date of ATP.
Any project that develops AC RMS or DC potential differences greater than 30 Volts
between any two points within the design (other than at the unmodified mains input side
of a UL listed commercial power supply) must develop and implement an electrical
safety plan before any circuits are powered. The safety plan must document the
processes, design constraints, and equipment that will be used to ensure the safety of all
participants. The ECE Director of Laboratories must approve the electrical safety plan. A
project team member must be designated project safety officer. It shall be the project
safety officer’s responsibility to insure that all activities adhere to the project safety plan.
All equipment developed must comply with applicable national standards. Specifically,
all electric supply, communications lines, and equipment must be designed, constructed,
operated, and maintained in accordance to The National Electrical Safety Code (NESC) –
ANSI C-2. Installations of electric conductors and equipment that connect to a building
main supply of electricity must be designed, constructed, operated and maintained in
accordance to The National Electric Code (NEC) ANSI/NFPA 70.
Any interconnection with the Lafayette College power grid is subject to the approval of
Plant Operations. Any interconnection with the Lafayette College campus computer
network is subject to the approval of the Information Technology Services department.
Use and design of lasers shall be in accordance with American National Standards
Institute (ANSI) Z136.1-2000, "American National Standard for Safe Use of Lasers".
Only low power Class I, II and Class IIIa (<5 mW) lasers should be used. If project
requirements necessitate higher power, the project must develop and implement a laser
safety plan before any laser work begins. The safety plan must document the processes,
design constraints, and equipment that will be used to ensure the safety of all participants.
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All projects that involve RF power of any level must be designed to ensure that
participants are not exposed to RF in excess of the recommended exposure limits adopted
by the FCC (most recently in 1996, but note the proposed rule change in 2003). If project
requirements necessitate radiated RF power in excess of 100 mW, the project must
develop and implement an RF exposure safety plan before any high power RF work
begins. The safety plan must document the processes, design constraints, and equipment
that will be used to ensure the safety of all participants.

GPR006: Reliability
The system wide Mean Time Between Failures (MTBF) must be greater than 1000 hours
over the system lifetime.
Reliability requirements must be demonstrated in the ATP both by analysis and by
Inspection. The use of MIL-HDBK-217, Bellcore TR-332, or other equivalent techniques
are encouraged for the analysis. Every part and subsystem in the full BOM must be
explicitly considered in the MTBF analysis.
Parts with power dissipation over 25 milliwatts shall be identified and the reliability
analysis shall include reliability derating of these components based on the expected
dissipation.
In addition to the analysis, a reliability inspection shall be conducted during ATP where
the system is shown to operate for 24 hours without any obvious failure.
Failures are defined as anything that causes system requirements to be missed. Failures
include, but are not limited to computer software lock-ups, shutdowns caused by
overheating, automatic operations stalled by exceptions or requests for human
intervention, as well as random component failure.

GPR007: Maintainability
The system wide Mean Time To Repair (MTTR) must be less than 1 week over the
system lifetime.
Maintainability requirements must be demonstrated in the ATP both by analysis and by
Inspection. The use of MIL-HDBK-472 (N1) and MIL-STD-470B, ISO/IEC 25000:2005,
or other equivalent techniques are encouraged for the analysis.
In the maintainability analysis you should assume a stock of recommended spare parts.
The list of these spare parts should be included in the ATP. The Users Manual should
include a section giving simple troubleshooting procedures. The Maintenance Manual
should have more elaborate diagnosis and troubleshooting resources.
In addition, a maintainability inspection shall be conducted during ATP where a novice
using procedures included in the User Manual demonstrates the diagnosis and repair of a
likely failure, and an expert using resources included in the Maintenance Manual
demonstrates the diagnosis and repair of an UN-likely failure.
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GPR008: Manufacturability
A production design is a project design that could reasonably be manufactured in large
quantity (e.g. greater than 1000 units/yr). All production designs must be built from
components and subassemblies that have a sustainable source of supply over the system
lifetime. To demonstrate that this requirement is met, it must be shown that each item in
the Bill of Materials (BOM) for the design is available from a minimum of two
independent suppliers. In addition, industry trends shall be considered when selecting
implementation options. Designs should choose options most aligned with future industry
trends.
The tolerances of components shall be considered in the design. Any component with a
value that determines a critical voltage, time constant, frequency, or other parameter shall
have a tolerance such that system requirements are met with 99% yield in manufacturing.
An analysis shall be provided that identifies any tolerance critical components and proves
that the tolerances are adequate to meet system requirements at that yield.

GPR009: Life Cycle Sustainability
In acknowledgement of the general preference that human economic activity be carried
out continuously at a certain level indefinitely, all production designs should be
synthesized with consideration to techniques that maximize global sustainability, subject
to all other explicit requirements and constraints. To demonstrate that this requirement is
met, production designs must be evaluated according to a generally recognized global
sustainability metric or index such as a Life Cycle Assesment (LCA). A sustainability
report must be produced that demonstrates the degree to which the design can maximize
global sustainability in continuous production.

GPR010: Ethics Report
As design engineers decide what can be done, always there is an implicit requirement for
them to justify what ought to be done.
In acknowledgement of this implicit requirement, all ECE projects must be evaluated with
respect to explicit ethical principles. An ethics report must be produced that analyzes
social and political aspects of the design and justifies them with respect to such ethical
principles.
The IEEE Code of Ethics must be explicitly considered in the ethical analysis.
The format, style, and methodology of the ethics analysis shall be in accordance with
standards established by Lafayette College course ES225.

GPR011: Project Demonstration
Completed projects must be demonstrated for review by ECE faculty.
It is highly encouraged that the entire design, or some major functional subsystem of the
design is suitable for continuous, unattended display as a self-contained, active
demonstration that would excite the interest of students, faculty, and other ECE
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Department visitors. Such demonstrations must fit in a compact public area and operate
safely and without unreasonable disturbance of its neighbors. User interaction with the
demo is encouraged, but if activated by someone, the demonstration must deactivate
automatically after some short delay. The MTTR and MTBF of the demonstration must
meet or exceed the project-level Maintainability and Reliability requirements given
herein. Visitor interaction with the demonstration, and possible failures caused by such
interaction, shall be considered in the MTBF analysis.

GPR012: Final Disposal of Projects
Projects may be stored for future work, placed on display, or discarded. Time must be
included in project schedules for final disposal.
If a project is to be stored, all its materials must be collected together in a single location.
If possible, these materials should be enclosed in a sealed container, locked cabinet, or
secure room that contains only these materials from one project and no other. If certain
parts are impractical to store with the bulk of the project materials, these separate parts
must be clearly labeled so their association with the stored project is obvious.
Projects placed on display may have portions not on display. The undisplayed portions
shall be either stored or discarded as described herein.
Portions of projects or complete projects that are discarded must be discarded in
accordance with Hazmat procedures described herein.
Test equipment moved from labs shall be replaced in its original location.
Trash, loose wires, scattered components, and other detritus resulting from frenzied
development and testing shall be cleaned up.
Paper documents that have been scanned per GPR001 shall be placed in a paper recycling
bin.
The project web site must be updated with all final documents. The documents on the
final web site must match the delivered system. Obsolete documents on the web site shall
be removed.
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Acronym Glossary
AC
AEC
API
ATP
ATR
BOM
CAM
CFE
CFR
CDR
COC
DC
EC
ECE
EDS
EMI
EMC
ESS
ETC
FAQ
FCC
FPGA
ICD
LPRDS
LCA
MTBF
MTTR
NEC
NESC
PDR
PLD
PM
POR
QA
RH
RMS
ROM
RPI
SCADA
SDK
UI

Alternating Current
Acopian Engineering Center
Applications Programming Interface
Acceptance Test Plan
Acceptance Test Report
Bill Of Materials
Computer Aided Manufacturing
Customer Furnished Equipment
Code of Federal Regulations
Critical Design Review
Certificate Of Compliance
Direct Current
European Community
Electrical and Computer Engineering
Energy Delivery Subsystem
Electro Magnetic Interference
Electro Magnetic Compatibility
Energy Storage Subsystem
Estimate To Complete
Frequently Asked Questions
Federal Communications Commission
Field Programmable Gate Array
Interface Control Document
Lafayette Photovoltaic Research and Development System
Life Cycle Assessment
Mean Time Between Failures
Mean Time To Repair
National Electric Code
National Electrical Safety Code
Preliminary Design Review
Programmable Logic Device
Program Management
Plan Of Record
Quality Assurance
Relative Humidity
Root Mean Square
Read Only Memory
Raw Power Interface
Supervisory Control and Data Acquisition
System Developers Kit
User Interface
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UL
WBS

Underwriters Laboratories
Work Breakdown Structure
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Example Documents
Appended below are examples that suggest what various items required by this SOW
should look like. These examples are only illustrative, and may not meet all requirements
without modification.
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Draft Electrical Safety Plan
This plan establishes rules for both the design and operation of the LPRDS-ETS. These
rules are intended to enhance the safety of the participants in the initial project and future
users or developers.
High-Voltage (HV) Isolation – High Voltage is defined as any system (individually or in
series) containing or producing a voltage greater than 30V. There must be no connection
between enclosures (or any other conductive surface that might be inadvertently touched
by a team member or spectator), and any part of any HV circuits. HV and low-voltage
circuits must be physically segregated: never run through the same conduit.
Where both are present within an enclosure, separated by insulating barriers such as
Nomex, Formex, or other moisture resistant, UL recognized insulating materials. If both
are on the same circuit board, they must be on separate, clearly defined areas of the
board.
Maximum Voltage – Voltage potentials between any two points in the design may not
exceed 400V.
Ground Fault Detector – The system requires a Ground Fault detector. This can be a
Bender IR486, IR475LY, or equivalent, and must be explicitly approved by Senior
Management. The output relay of this device must be wired in series with the shutdown
buttons such that a ground fault will cause an immediate shutdown of all electrical
systems. The ground fault detector should be accessible, or have a remote LED indicator
to show when it has tripped
Ground Fault Detector Test –
Senior Management will test the ground fault detector before the RPI or ESS can be
energized. This shall be done by connecting, a 40,000 Ω resistor between multiple points
on the HV circuit and the grounded chassis, building safety ground, or enclosure with the
HV systems at full charge. This must cause the Ground Fault detector to trip, and all
electrical systems to shut down safely in a fault condition. The fault must be logged by
the SCADA.
Senior Management must witness satisfactory completion of this test before any
operation will be permitted. The ESS and RPI will remain locked in a disabled state.
Once the Ground fault test has been satisfactorily completed, Senior Management will
seal the High Voltage enclosures and operation can be permitted.
The HV seals may not be broken except when permitted by Senior Management. If the
seals are broken, the system will be locked out and may not be re-energized until the
Ground Fault test has been satisfactorily re-done. (If a repair is simple, and done in the
presence of an Senior Management, Senior Management may choose to waive the retesting requirement.)
No Exposed Connections – No HV connections may be exposed. Non-conductive
covers must prevent inadvertent human contact. This would include team members
working on or inside the system.
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There will be no HV connections behind any demonstration display, maintenance
interface switch, or control panels. All controls, indicators and data acquisition
connections must be isolated using optical isolation, transformers or the equivalent.
HV Insulation, Wiring and Conduit – All insulation materials used in HV systems must
be rated for the maximum temperatures expected. Insulated wires must be commercially
marked with a wire gauge, temperature rating and insulation voltage rating. Other
insulation materials must be documented. All HV wiring must be done to professional
standards with appropriately sized conductors and terminals, and with adequate strain
relief and protection from loosening due to vibration etc.
All HV wiring that runs outside of electrical enclosures must be enclosed in orange nonconductive conduit, such as Electri-flex LNMP or equivalent. The conduit must be
securely anchored at least at each end, and must be located out of the way of possible
snagging or damage. All external heat sinks must be securely grounded.
Fusing – All electrical systems (both low and high voltage) must have appropriate
overcurrent protection. Any wiring protected by a fuse or circuit breaker must be
adequately sized and rated for current equal or exceeding the protection. Use of fuses
should be considered in the maintainability and reliability analyses.
Low-Voltage Circuits – Low-voltage (< 30 V) circuits must be grounded to the frame of
the enclosure and to building safety ground. (This ensures that, in the event of a fault in
the isolation of the HV circuit, no HV will be present between controls or anything else
that personnel might touch and the frame.) If a battery or other source that is not
inherently current limited powers the low-voltage circuits, proper fusing must be used.
Low-voltage and HV circuits must be segregated and isolated as described.
Charging Equipment – All charging equipment must be maintained in safe working
condition. High Voltage chargers and/or power supplies must be marked with appropriate
High Voltage stickers. If any voltage remains outside the charger after the power is
turned off then any open connections must be securely covered. All chargers must be UL
(Underwriters Laboratories) listed. The system must be de-energized while charging from
external sources (as much as possible while still allowing charging), and no other
activities (including any mechanical or electrical work) shall be allowed.
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Example Hierarchical Design
The example below was abstracted from a real industry technical report presented at a
Preliminary Design Review (PDR). It represents an example of a hierarchical system
breakdown with “PDR level” details.
_____________________________________________________________________

Preliminary Design
The RF Measurement Module hardware assembly comprises a measurement PCB that
holds most of the measurement circuitry. Mechanical requirements for the PCBs
themselves are per the Mechanical ICD. Only the measurement PCB itself, and its
associated software driver, is part of this design.
Hardware and software designs follow.

Preliminary Hardware Design
The preliminary top-level hardware decomposition of the RF measurement PCB is
illustrated in Figure 3.

A3
Analog Control
DAC
A6

A1

QAM Demodulator

A4

Input Interface

A8

A9
Controller
(FPGA)

Tuner

Main Unit
Interface

A7

Module Interface
Connector

75 ohm
RF Input

GC

IF Digitizer
A5
Temperature
Sensor

A10
Power Supply

A11
Packaging and
Mechanical

Figure 3. RF Measurement PCB Block Diagram
A1 Input Interface
The Input Interface provides a physical and electrical measurement interface for the RF
measurement PCB. It is anticipated that this interface will be a direct connection to the
input connector of the tuner (A4).
A3 Analog Control DAC
This subsystem comprises a low-speed, fine-resolution, low-noise, multi-channel D/A
Converter for the purpose of generating precise analog control voltages. The main
application is generating gain control (GC) voltages for the tuner and the current PoR
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requires only a single GC voltage ranging from 0 to 4VDC and sourcing about 1 mA..
The module controller (A8) will pass through LOW-SPEED BUS control of the DAC.
A4 Tuner
The tuner comprises a wide-band, superheterodyne, double conversion receiver in a
module IF processing circuitry external to the tuner may also be necessary in A4. The
input tuning range shall cover 50-1000 MHz, minimum. The output of the tuner assembly
A4 is at a 44 MHz IF at a level nominally 0 dBm across 50Ω and shall simultaneously
drive both the QAM demodulator (A6) and the IF digitizer (A7). Given that the tuner
modules commonly produce less power than this, and they often have balanced outputs, it
is anticipated that some amplification and a balun will be needed in the IF processing
circuits. The module controller (A8) will pass through LOW-SPEED BUS control of the
tuner. Analog gain control voltages from A3 will set the RF and IF gain of the tuner.
A5 Temperature Sensor
It is anticipated that the performance of A1, A2, and A4 may vary with temperature to
such a degree that measurement accuracy is degraded beyond allowable limits unless
temperature corrections are applied to measured data. This sensor (e.g. AD7416) shall
acquire temperature data for data corrections. The module controller (A8) will pass
through LOW-SPEED BUS control of the sensor.
A6 QAM Demodulator
A digital demodulator chip shall demodulate signals at IF from the tuner. The modulation
formats to be supported are the QAM formats specified in the SOW. The module
controller (A8) will pass through LOW-SPEED BUS control of the demodulator and will
accept the demodulated data.
A7 IF Digitizer
A high speed, 12-bit, A/D converter shall digitize the 44 MHz IF signal at a 50 MHz rate.
The module controller (A8) will buffer the digitized data and perform control of the A/D
(e.g. clocking, power save shutdown) over a parallel interface. The digital IF data shall
support analog waveform measurements, such as PEP, modulation index, and signal
constellations.
A8 Module Controller
The module controller provides digital control and data processing. It interfaces to all
subsystems that require control or monitoring. It also interfaces to the main unit interface
(A9). ). This controller is normally programmed through the Main Unit Interface, or via
direct cable (JTAG desired) during debugging. It is anticipated that this controller will be
implemented as an FPGA.
Additional FLASH or EEPROM shall be provided as part of the Module Controller for
configuration persistence and the storage of calibration data. Adequate RAM shall be
provided for the temporary storage of digitizer data blocks.
A9 Main Unit Interface
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This subsystem comprises the module interface connector and any conditioning required
to connect the main unit to the Module Controller. The interfaces to be used will include
LOW-SPEED BUS and the Local Bus as well as various supply voltages.
Controller programming through the module interface shall be supported by this
subsystem.
An important function of this subsystem is the ability to shutdown other subsystems,
including A4, A6, A7, and A8 to reduce power consumption.
A10 Power Supply
A power supply subsystem is anticipated. It will convert voltages from the module
interface specified in the SOW to the voltages required by the module.
A preliminary peak power supply budget is the following. Note that some assemblies
should be powered down when not in use.
Tuner (A4)

5V

75 mA

Tuner (A4)

33V

2 mA

Controller (A8)

3.3V TBD

CONTROLLER (A8)

2.5V TBD

CONTROLLER (A8)

1.2V TBD

QAM Demodulator (A6) 1.5V 650 mA
QAM Demodulator (A6) 3.3V 100 mA
Digitizer (A7)

3.3V 150 mA

A11 Packaging and Mechanical
This subsystem comprises all mechanical components that constitute the PCB that are not
otherwise included in the electrical subsystems. These include the PCB itself (FR-4
material, 1 oz cu, RoHS solder) as well as any brackets, cooling systems, connector
mating guides, coatings, EMI gasketing, etc… that may be associated with the RF
measurement PCB per its functional requirements and the ICD.

Software Design Requirements
The overall purpose of the Driver Software is to perform several specific measurements
using the RF measurement PCB hardware illustrated in Figure 3. The results of these
measurements are passed to a high level application that calls the driver. A block diagram
of the candidate software design is show in Figure 4. Functional descriptions follow.
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Figure 4. RF Measurement Driver Software Block Diagram

Preliminary Driver Design
F1 – Measurement Algorithms
This unit comprises all the measurement algorithms. These procedures are described in
the SOW.
F2 – Low Level Hardware Methods
This unit comprises methods for accessing low-level hardware, including the local bus
and the LOW-SPEED BUS. Also included are methods for programming the A8
Controller with new configuration code.
F3 – Module Driver API
This unit is responsible for providing a proper interface for the driver as required by the
API specified in the SOW.
F4 – Cal Data
This unit comprises the data structures associated with the Calibration Data. The actual
data must be stored in the physical module per DR5.
F5 – Cal Data Methods
This unit comprises methods for reading and writing calibration data.
F6 – Power Management
This unit is responsible for managing the use of power in the module and for providing
methods that can be used to interact with this management.

General Driver Requirements
DR0 –The Driver Software uses the RF measurement PCB to perform measurements on
RF signals that are modulated on RF channels and applied to the Input Interface (A1).
Measurements may apply to any waveform, but demodulation in A6 will not be possible
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when measurements using A7 are performed. Measurements may be made either by the
QAM Demodulator (A6) or by the IF Digitizer (A7).
DR1 – The RF Module driver needs to be written in a manner that complies with the
SOW specified module driver API and needs to work within the resource limits permitted
to those drivers.
DR2 – It shall be possible to perform measurements repeatedly, possibly with varying
parameters, in order for a high level application to make plots and scans based on several
consecutive measurements. Therefore, the overhead necessary for repeated measurements
shall be minimized.
DR3 – Because the hardware is possibly battery powered and portable, power
management is necessary. The driver should shut down unnecessary measurement
hardware that uses significant power. The shutdown should occur after a short timeout
that can be configured and disabled. Shutdown semantics shall be consistent with
requirement DR2. Shutdown shall also occur in response to shutdown events required by
the module driver API/SDK.
DR4 – The RF Module driver shall support download of a new CONTROLLER
configuration bitstream file to the module controller (A8).
DR5 – The driver shall return fully calibrated measurement results in true units to the
calling application without requiring the caller to apply any corrections or other
compensation. Any corrections shall be applied by the driver itself using calibration data
that is stored either on the RF Measurement PCB within FLASH or EPROM in the
module controller (A8). The driver shall have functions that support writing calibration
data to this location.
DR6 – Several measurements are specific to a type of waveform (analog or digital). The
driver shall support waveform type detection and shall return a non-fatal (warning)
exception when attempting make a measurement of a waveform of the incorrect type.
DR7 – If the tuner circuitry contains a PLL that returns lock status on the LOW-SPEED
BUS, the driver shall monitor lock status and return a non-fatal (warning) exception when
attempting to make measurements when the PLL is not in lock.
DR8 – The QAM demodulator driver shall be integrated into the Module Driver API
(F3). All functions of the QAM driver shall be made available through the F3 API. It is
anticipated that the QAM driver will largely meet requirements for the API. Any shortfall
will be provided by a shim in F3.
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Risk Assessment Methodology
System engineers routinely perform risk assessment of new projects with an adaptation of
the Defense Systems Management College (DSMC) risk assessment methodology. This
is a proven, widely used technique for determining the probability of program success
and identifying what components represent the largest threat to that success.
Risk assessment is similar to MTBF reliability analysis in that both identify possible
failure modes of an overall system based on possible failures of its components. The two
methodologies are different in that reliability measures the chance of a working system
breaking because of component failure, whereas risk assessment predicts the chance that
the system will never work in the first place because a component cannot be
manufactured to the required specifications.
The risk assessment methodology evaluates two distinct factors: potential for failure
[P(F)] and the consequences of failing [C(F)] for the purpose of quantifying all Risk
potential of a program. Each factor is in turn divided into a number of sub-factors.
These sub-factors are then averaged to calculate the overall risk factor. Failure is
defined as the inability to successfully complete any task for the project. Each task is
evaluated independently to determine their individual likelihood of failing. The
parameter P(X) (where X=1,2,3,4,5,6) for each module is assigned a value of 0.1, 0.3,
0.5, 0.7, or 0.9 based upon specific criteria. Table B-1 shows the criteria for each
potential for failure parameter.

P(f)

Methodology
Maturity

Methodology
Complexity

Software

Not Applicable

Not Applicable

0.1

Existing
Methodology Used

0.3

Valu
e
0

0.5

Software
Complexity

Dependency of
Schedule on
External Functional
Groups

Dependency of
Performance on External
Functional Groups

Not Applicable

Not Applicable

Schedule
independent of any
other system, data,
facility,or
subcontractor

Performance independent
of any other system, data,
facility, or subcontractor

Simple Design

Existing
Software used

Simple
Algorithms/Smal
l number of
functions

Not Applicable

Not Applicable

Minor Redesign of
Mature System

Minor increase in
design from
Current System

Minor Redesign

Minor increase in
complexity

Schedule depends
on Existing System,
data, facility, or
subcontractor

Performance depends on
Existing System, data,
facility, or subcontractor

Major Redesign
using Known
Technology

Moderate
increase in
Complexity

Major redesign
of existing
functions/

Increase in # of
Modules/

Not Applicable

Not Applicable

Schedule depends
on Modification to
System, data, or
facility

Performance depends on
Modification to System,
data, or facility

Maturity

Recoding of
Existing
software

similar
architecture
0.7

New Design using
Known
Technology

Major increase in
complexity Functions added

New Software to
Integrate/
Provide added
functions

increase in
algorithm
complexity
Major increase in
Algorithm
complexity
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0.9

Research Required
to Define
Methodology for
System

Extremely
complex with
interactions with
components

New software
Architecture or
language
required

Highly integrated
modules
requiring
interaction of
several systems

Schedule depends
on new system,
data,facility, or
subcontractor

Performance depends on
new system,data,facility, or
subcontractor

Table B-1. Potential for Failure Factors
The consequence of failure is the impact of the failure to achieving each SOW Task. The
parameter C(F) (where F = for each SOW task) is assigned a value of 0.1, 0.3, 0.5, 0.7,
or 0.9 based upon specified criteria. Note that currently we have no budget or schedule
for the ultimate SHE implementation. Therefore, schedule and cost impact is undefined.
Table B-2 shows the criteria for each consequence of failure parameter.

C(F)

Degradation of Technical/Operational

Value

Performance at System Level

Schedule Impact

Cost Impact

0

Unimportant in Terms of Operational

Unimportant in Terms of

Results in Cost Reduction

Performance

Schedule

Minimal or No Impact to Operational

Minimal or No Impact to

Performance

Schedule

0.3

Small Reduction in Operational Performance

Minor slip in Key Milestones

Budgeted Costs Overrun by 5 to 15 Percent

0.5

Moderate Reduction in Operational

Schedule Slip Affects Other Items

Budgeted Costs Overrun by 16 to 30 Percent

Major Reduction in Performance: New

Key Milestones Must slip by > 3

Budgeted Costs Overrun by 31 to 50 Percent

Approach

Months

Operationally Unsatisfactory

Can Not Meet Schedule

Budgeted Costs Overrun by Greater Than 50

Milestones

Percent

0.1

Budgeted Costs Not Exceeded

Performance
0.7

0.9

Table B-2. Consequence of Failure Factors
Once the two factors are computed by averaging their sub-factors, an overall Risk Factor
(RF) is then calculated by the formula: RF = P(F) + C(F) - [P(F) x C(F)]. RF then
translates into a measure of merit for risk: RF < .3 then risk is low, .3 < RF < .5 then risk
is medium, and .5 < RF < 1 then risk is high.

Composite Risk Factor
The following equation is the composite risk factor when cascading the risk of n
statistically independent modules, any of which can cause a failure.
n

RF = 1 " ! (1 " rf i )
i =1
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RF is the composite risk factor for n modules, and rfi is the risk factor for the ith module.
Note that this is simply one minus the product of n statistically independent successes. A
success can only occur if all individual modules succeed. If the factors are not
independent, the above formula must be modified by estimates of any cross correlation.
When n is set to 2, the equation for independent factors reduces to the following.

RF = rf 1 + rf 2 " rf 1 ! rf 2
This is the same equation use used to combine the Potential for Failure and Consequence
of Failure factors to yield a risk factor for an individual module. It can be interpreted as
the probability of factor 1 or factor 2 failing, corrected for double counting the case when
both fail.

Example Risk Assessment
The following table shows a risk assessment for implementing an Arbitrary Waveform
Generator instrument. The leftmost column is a unique tag for each requirement that the
instrument must meet. The column labeled “Modules” indicates what subsystems are
related to the requirement (requirement traceability matrix). The columns on the right
compute the composite risk based on the risk associated with each subsystem
individually.

No.
AWG1

Requi reme nt
Two Channels
Multiplexed

SY STE M REQ UIRE MEN TS
Spe cifi catio n
Value
SUB SY ST EM
HDA

Rele va nt Subs ystem Risk Fa ctors
Risk
0.14

T/A

rf1
HDA
E

Test

rf2
0.1
4

rf3

0.14

AWG2

Source Impedance

50 Ohms

HWC

0.21

Test

HWC

AWG3

Amplitude range

0.01 - 10 V pp

HWC

0.21

Test

HWC

AWG4

Max. Pos. Volt.

5V

HWC

0.21

Test

HWC

AWG5

Min. Neg. Volt.

-5 V

HWC

0.21

Test

AWG6

Rise/Fall Time

10 ns

HDA,HWC

0.32

Test

AWG7

DC offset

-5 to 5 V

HDA,HWC

0.32

Test

AWG8

Sync output

HWD

0.14

Test

AWG9

Diff. ECL output

12 bits

HDA

0.14

Test

HWC

HWDE

HDA
E
HDA
E

0.1
4
0.1
4

HDA
E

0.1
4

0.14

RF

HWC
HWC

0.2
1
0.2
1
0.2
1
0.2
1
0.2
1
0.2
1

0.21
0.21
0.21
0.21
0.32
0.32
0.14
0.14
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The following table shows how the risk factors for the individual subsystems (Modules)
were computed based on the estimate categories.
Risk Analysis for Each Module
Module

MM

MC

HM

HC

DSEFG

DPEFG

PFF

DTOPSL

SI

CI

CFF

RF

HWD

0.30

0.50

0.90

0.50

0.00

0.10

0.38

0.20

0.00

0.00

0.07

0.42

HWDE

0.10

0.10

0.10

0.10

0.00

0.10

0.08

0.20

0.00

0.00

0.07

0.14

HDA

0.30

0.50

0.90

0.50

0.00

0.10

0.38

0.20

0.00

0.00

0.07

0.42

HDAE

0.10

0.10

0.10

0.10

0.00

0.10

0.08

0.20

0.00

0.00

0.07

0.14

HWC

0.30

0.10

0.30

0.10

0.00

0.10

0.15

0.20

0.00

0.00

0.07

0.21

HPD

0.50

0.50

0.90

0.50

0.00

0.10

0.42

0.10

0.00

0.00

0.03

0.44

HPDE

0.30

0.30

0.30

0.30

0.00

0.10

0.22

0.10

0.00

0.00

0.03

0.24

HPC

0.90

0.50

0.90

0.50

0.00

0.10

0.48

0.10

0.00

0.00

0.03

0.50

HPCE

0.30

0.30

0.30

0.30

0.00

0.10

0.22

0.10

0.00

0.00

0.03

0.24

LWD

0.10

0.10

0.10

0.10

0.00

0.10

0.08

0.10

0.00

0.00

0.03

0.11

LDA

0.10

0.10

0.10

0.10

0.00

0.10

0.08

0.10

0.00

0.00

0.03

0.11

HVC

0.70

0.30

0.70

0.50

0.00

0.10

0.38

0.10

0.00

0.00

0.03

0.40

HVCE

0.10

0.10

0.10

0.10

0.00

0.10

0.08

0.10

0.00

0.00

0.03

0.11

HCC

0.70

0.30

0.70

0.50

0.00

0.10

0.38

0.10

0.00

0.00

0.03

0.40

HCCE

0.10

0.10

0.10

0.10

0.00

0.10

0.08

0.10

0.00

0.00

0.03

0.11

UC

0.15

0.60

0.30

0.80

0.00

0.10

0.33

0.35

0.00

0.00

0.12

0.40

UCE

0.15

0.50

0.15

0.30

0.00

0.00

0.18

0.10

0.00

0.00

0.03

0.21

HWD

High Speed Waveform Digital Control Module

MM

Methodology
Maturity

HWDE

High Speed Waveform Digital Control Module (Relaxed Specs)

MC

Methodology Complexity

HDA

High Speed D/A Module

HM

HDAE

High Speed D/A Module (Relaxed Specs)

HC

HWC

High Speed Waveform Conditioner Module

DSEFG

HPD

High Speed Pulse Digital Control Module

DPEFG

Hardware Maturity
Hardware
Complexity
Dependency of Schedule on External
Functional Groups
Dependency of Performance on External
Functional Groups

HPDE

High Speed Pulse Digital Control Module (Relaxed Specs)

PFF

HPC

High Speed Pulse Conditioner Module

DTOPSL

Potential for Failure Factor
Degradation of Tech/Op Performance at
System Level

HPCE

High Speed Pulse Conditioner Module (Relaxed Specs)

SI

Schedule Impact

LWD

Low Frequency Waveform Digital Control Module

CI

Cost Impact

LDA

Low Frequency D/A Module

CFF

Consequence of Failure Factor

HVC

High Voltage, Low Current Conditioner Module

RF

Risk Factor

HVCE

High Voltage, Low Current Conditioner Module (Relaxed Specs)

HCC

High Voltage, High Current Conditioner Module

HCCE

High Voltage, High Current Conditioner Module (Relaxed Specs)

UC

Upconverter Module

UCE

Upconverter Module (Relaxed Specs)
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Example Drawing Format

Figure 5 -- Lafayette College Drawing Format
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Work Breakdown and Gantt Charts
This section is adapted from the www.mindtools.com web site.
Gantt Charts are important tools that help you plan and manage complex projects. They
help you work out the order in which tasks need to be carried out; allow you to identify
the resources needed to complete the project, along with the times when these resources
will be needed; help you work out the quickest possible time in which a project can be
completed; and help you identify the "critical path" for a project. This is the sequence of
tasks that must be completed on time if you are to complete the project by a particular
date.
When a project is under way, Gantt Charts help you to monitor whether the project is on
schedule. If it is not, they help you to pinpoint the remedial action necessary to put it
back on schedule. These are all essential activities if you are going to manage projects
successfully.
Sequential and parallel activities: -- An essential concept behind project planning (and
Critical Path Analysis as well) is that some activities are dependent on other activities
being completed first. As a shallow example, it is not a good idea to start building a
bridge before you have designed it! These dependent activities need to be completed in a
sequence, with each stage being more-or-less completed before the next activity can
begin. We can call dependent activities 'sequential' or 'linear'.
Other activities are not dependent on completion of any other tasks. These may be done
at any time before or after a particular stage is reached. These are nondependent or
'parallel' tasks.
To plan a project using a Gantt Chart, follow these steps:
1. List all activities in the plan.
The first step is to list all of the tasks that need to be completed to deliver the project. At
a minimum, these activities should comprise explicit tasks associated with every project
deliverable. Deliverables are the goals of any project. It’s important that you plan to reach
your goals.
Other tasks might be necessary based on design considerations and system requirements.
Before the design is done, it’s hard to tell what specific tasks associate with requirements.
Most projects that have a design phase will have two schedules: one produced prior to
detailed design completion, and a second, more detailed schedule after the system design
has been finalized.
Once you write down each task, show the earliest start date, estimated length of time it
will take, and whether it is parallel or sequential. And if tasks are sequential, show which
previous stage or stages they depend on.
You will end up with a task list, sometimes called a Work Breakdown Structure (WBS),
along with an associated list of dependencies. A simple example below (Table 1) shows
the task list for an example engineering project.
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Table 1. Simple WBS
Task
1. High level analysis
2. Selection of hardware platform
3. Installation and commissioning
of hardware
4. Detailed analysis of core
modules
5. Detailed analysis of supporting
utilities
6. Programming of core modules
7. Programming of supporting
modules
8. Quality assurance of core
modules
9. Quality assurance of supporting
modules
10.Core module training
11.Development of accounting
reporting
12.Development of management
reporting
13.Development of management
analysis
14.Detailed training
15.Documentation

possible
start
week 1
week 1
week 3

Length

Type

sequential
sequential 1
parallel
2

week 5

5 days
1 day
2
weeks
2
weeks
2
weeks
3
weeks
3
weeks
1 week

week 5

1 week

sequential 7

week 7
week 6

1 day
1 week

parallel
parallel

6
5

week 6

1 week

parallel

5

week 6

2
weeks
1 week
2
weeks

sequential 5

week 1
week 1
week 4
week 4

week 7
week 4

Dependent
on...

sequential 1
sequential 4
sequential 4
sequential 5
sequential 6

sequential 1-13
parallel
13

Now you can start drawing your Gantt Chart.
2. Head up graph paper with the days or weeks through to task completion
3. Plot the tasks onto the graph paper
This is a rough draft of the Gantt Chart. Plot each task on the graph paper, showing it
starting on the earliest possible date. Draw it as a bar, with the length of the bar being the
length of the task. Above the task bars, mark the time taken to complete them. Do not
worry about task scheduling yet: All you are doing is setting up the first draft of the
analysis.
This will produce an untidy diagram like the one below:
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4. Schedule Activities
Now take the draft Gantt Chart, and use it to schedule actions. Schedule them in such a
way that sequential actions are carried out in the required sequence. Ensure that
dependent activities do not start until the activities they depend on have been completed.
Where possible, schedule parallel tasks so that they do not interfere with sequential
actions on the critical path. While scheduling, ensure that you make best use of the
resources you have available, and do not over-commit resource. Also allow some slack
time in the schedule for holdups, overruns, quality rejections, failures in delivery, and so
on.
A redrawn and scheduled version of the example project is shown below:
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By drawing this Gantt Chart, you can see that:
•

If all goes well, the project can be completed in 10 weeks.

•

If you want to complete the task as rapidly as possible, you need:
1.

1 analyst for the first 5 weeks.

2.

1 programmer for 6 weeks starting week 4.

3.

1 programmer for 3 weeks starting week 6.

4.

Quality assurance resource for weeks 7 and 9.

5.

Hardware to be installed by the end of week 7.

•

Analysis, development and installation of supporting modules are essential
activities that must be completed on time.

•

Hardware installation is a low priority task as long as it is completed by the end of
week 7.

While this section describes how to draw a Gantt Chart manually, in practice project
managers tend to use software tools like Microsoft Project to create Gantt Charts.
Software tools can ease the drawing of Gantt Charts. Unfortunately, they also make
modification of plans easier. There is something to be said for resisting change in plans.
If plans become too fluid, they lose their value.
Key points:
Gantt charts are useful tools for planning and scheduling projects. They help you to
assess how long a project will take to complete, determine the resources needed, and lay
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out the order in which tasks need to be carried out. They are useful in managing the
dependencies between tasks.
When a project is under way, Gantt charts are useful for monitoring its progress. You can
immediately see what should have been achieved at a particular point in time, and can
therefore take remedial action to bring the project back on course if needed. This can be
essential for the successful and profitable implementation of the project.
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Traceability and Compliance Matrices
In projects, it’s important to relate design elements to the requirements that demand them.
For example, if you are designing a software application, and there is a requirement that
the application be user configurable, you may decide that this requirement is best
addressed with a configuration file. Thus, the configuration file design element is related
or traceable to the requirement to provide user configurability.
Traceability is important to ensure that designs meet all requirements and that they aren’t
overly complex. Without checking to be sure that each requirement is addressed by a
design element, it’s quite possible that a requirement could be forgotten. Conversely,
without checking that each design element addresses at least one requirement, the design
may contain design elements that are unnecessary.
One way to check traceability is by making an explicit traceability matrix. Such a matrix
shows the correspondence between design elements and requirement.
Continuing with the example of a software application, consider the following list of
requirements:
REQ1: Application must be user configurable
REQ2: Application must be written in a high level language
REQ3: Application must run on MS Windows XP
Note how each requirement is given a tag (REQ1, REQ2,…) called a reference
designator. This allows us to easily and unambiguously refer to any requirement.
After thinking about these requirements, we conceive of a design that has a configuration
file, and is coded in Visual C++. To configure the application, the user runs MS Notepad
to edit the configuration file.
A block diagram of these design elements is as follows

U4
MS WinXP

U1
Application

U2

U3

MS Notepad

Config File
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Note how each design element is given a tag (U1, U2,…) again called a reference
designator. This allows us to easily and unambiguously refer to any element in the
design.
With a design and a list of requirements, both tagged with reference designators, it’s easy
to explicitly show traceability with a compliance matrix.
U1
REQ1
REQ2
REQ3




U2


U3


U4


From this matrix we can see that every requirement maps to at least one design
component, and every design component maps to at least one requirement.

