INTERNATIONAL FIELD-REVERSIBLE THERMAL CONNECTOR CHALLENGE
I.

INTRODUCTION

With the support from DARPA, the University of Missouri - Columbia (MU) will host the 2014
International Field-Reversible Thermal Connector (RevCon) Challenge. The RevCon Challenge
is open to any college student design teams interested in Thermal Connector innovation to
propose and evaluate novel design concepts.
We are interested to receive proposals for a field-reversible, low-resistance thermal connector
that is more elegant than current solutions. The improved design is expected to allow for
repeated assembly and disassembly of an electronic module from one side of an electronic
enclosure, while providing a constant thermal resistance between the module and cold block.
II.

TOPIC DESCRIPTION: INTERNATIONAL FIELD-REVERSIBLE THERMAL
CONNECTOR CHALLENGE

Background
Thermal management of high power phased array radar and electronic warfare systems utilizes
liquid flow within cold plates that interface with edge-cooled electronic assemblies to remove
increasing amounts of heat from wide bandgap RF power amplifiers. This interface is typically a
mechanical coupling that results in poor thermal contact between the cold plate and electronic
assembly. An advanced commercial off-the-shelf (COTS) product has a thermal resistance about
0.35 - 0.5 ºC/W for a 15 cm connector. For the past two years, DARPA and ONR have jointly
hosted two successful RevCon student competitions. The outcomes have been very inspiring and
have demonstrated that the thermal performance of new thermal connectors can have
significantly lower thermal resistances and that teams of students can develop creative solutions.
A hydraulically actuated connector was demonstrated to have a thermal resistance of 0.1 ºC/W.
Objectives
General We are interested in proposals that demonstrate novel design concepts for a fieldreversible, low-resistance thermal connector compared to current state-of-the-art designs. A
photograph of a current segmented thermal mechanical retainer is shown in Figure 1. Improved
connector designs need to allow for repeated assembly and disassembly of an electronic module
from the side of an electronic enclosure, while providing a constant thermal resistance between
the electronic module and the cold block. The thermal connector is to be 15 cm in length and fit
within the test rig shown in Figure 1. A plate made of machined aluminum or FR-4 (PWB) and a
resistive heater will be supplied to each awarded team for measuring the thermal resistance of
prototypes. Pressure paper, which will also be provided to the awarded teams, will allow for the
contact pressure to be measured in the cold block. The card can then be flipped over for thermal
testing. The connecter is expected to maintain a thermal resistance lower than 0.2 ºC/W over
multiple thermal cycles in a specified heating range, vibration environment, and contact pressure.
Detailed thermal and mechanical models shall be developed by the student teams and compared
to the performance of prototype devices. Teams that develop the best performing prototypes as
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validated with MU will be invited to participate in a final demonstration held on the MU campus.
Experts from industry and academia will judge the prototypes at the final demonstration.

Figure 1. Schematic of an electronic board secured by a thermal connector on a test rig.

Specific Student teams interested in this grand challenge are invited to submit proposals
addressing the uniqueness of their design, the concept feasibility, the cost analysis for mass
production, and a clear plan to fabricate and test their prototype. The prototype device is
expected to maintain thermal resistance lower than 0.2°C/W for a 15-cm thermal connector, over
multiple thermal cycles in a specified heating range, vibration environment, and clamping force.
The teams selected to build prototypes are expected to develop their test strategy and design their
prototype devices to meet the metrics listed in Table 1.
Table 1. Program technical metrics for student design teams
Metrics
Thermal Resistance
Clamping Force (static)
Vibration

•

•
•

Targets
<0.2°C/W under vibration
>600lbf (2669N)
Single-frequency excitation (Table 2)

Thermal Resistance. The thermal resistance of the prototype device is expected to be
measured under the vibration environment defined in Table 2. Measurements begin with
no power input, and are taken continuously while increasing power to 25, 100, 150 and
200 Watts, only increasing power once the card temperature reaches steady state.
Clamping Force. The proposed clamping mechanism should not damage the test rig.
Pressure paper (Fujifilm Prescale® Film) will be provided to the selected teams to allow
the contact pressure to be measured in the cold block.
Single-frequency Test. The prototype should be vibrated from 4 Hz to 33 Hz in discrete
frequency intervals of 1 Hz at the amplitudes shown in Table 2. At each integral
frequency, the vibration should be maintained for five minutes. MU will support
vibration characterization. However, teams are encouraged to carry out this singlefrequency test (but not mandatory).
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Table 2. Displacement amplitudes for single-frequency excitation tests
Frequency range (Hz)
4 to 15
16 to 25
26 to 33

Single amplitude (inch)
0.030 ± 0.006
0.020 ± 0.004
0.010 ± 0.002

Insertion/Removal of prototype thermal connector: The military prefers that the thermal
connector is fed in and removed out from one side of electronics box along the x-direction shown
in Figure 1. Therefore, it is necessary to provide instructional information (a video) regarding
each prototype’s insertion/removal procedures.
Dimension of prototype thermal connector: Prototype device should be 15 cm (about 6 inch)
in length and has a contact area appropriate for the test rig. The width of the new design
(dimension of the slot along z-direction in Figure 1) should not exceed 12.7mm (or ½ inch).
III. ELIGIBILITY
Student teams from any international university or college are welcome to participate in this
competition. Undergraduate teams are especially encouraged. Student teams should consist of at
least two students, plus faculty mentors (no limitation). Advanced graduate students, postdoctoral researchers, and knowledgeable industry experts can also serve as effective mentors.
Each selected team will build its own test bed to test its thermal connector, according to the
specification requirements disclosed during the execution time of the project.
IV. LETTER OF INTENT (LOI)
Letters of intent are encouraged but are not required. They will be used to facilitate planning for
the review process. The one-page LOI should include applicant’s contact information and a
rough description of RevCon design concept. The design described in the LOI is not binding and
multiple design concepts may also be included.
V. FULL PROPOSAL SUBMISSION AND AWARD INFORMATION
Each Team may request up to $7,500.00 (Phase I [Jan 2014-May 2014]: $3,500.00, Phase II
[June 2014-Nov 2014]: $4,000.00 including $2,000.00 for travel). The project period will be 11
months. Please send your full proposal in a single PDF file to Dr. Chung-Lung (C.L.) Chen at
internationalrevcon@missouri.edu.
Format
Full proposals must be in the format described below. Proposals that do not follow this format
will not be reviewed.
Proposals must use standard paper size (8.5 x 11 inches), at least 1 inch margins (top, bottom,
left and right), and Times New Roman font (12 point or larger). Smaller font may be used for
figures, tables and charts. All full proposals must be written in English.
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Proposals shall consist of two volumes – technical and cost proposals. Each volume is described
below.
Volume I: Technical Proposal
Volume I in its entirety must not exceed 16 pages and must contain the following. Page limits
apply for various sections.
•

Cover Page including proposal title, technical and administrative points of contact and
contact information, total funds, date proposal is submitted. [1 page]

•

Executive Summary [1 page]

•

Problem Description [1 page]

•

RevCon Concepts: Concepts, Strengths, Weaknesses, Opportunities and Threats (SWOT)
or other analysis. [3 pages]

•

Detailed description of selected concept including the following: description, physical
phenomena, modeling, analysis, thermal prediction, comparison to goals, failure modes.
Alternative concepts may be provided. [6 pages]

•

Manufacturing Plan: Engineering drawings, "design for manufacturability,"
manufacturing processes, cost analysis - 5-10, 1000, 10,000/yr. [2 pages]

•

Preliminary Test Plan [2 pages]

Volume II: Cost Proposal
There is no page limit for Volume II. The content must include the following:
• Proposal Title
• Lead Organization
• Team Members
• Technical Point of Contact
• Administrative Point of Contact
• Place of Performance
• Period of Performance
• Cost Breakdown by Phase (direct labor, materials/supplies, travel and indirect costs)
Evaluation Criteria
The score system will be based on novelty, feasibility, cost analysis, and overall quality of
proposal.
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Important Dates
Date
August 22, 2013
October 15, 2013
November 22, 2013
December 21, 2013
January 15, 2014
May 1, 2014
May 21, 2014
Oct 15, 2014
By Nov 10, 2014*
Nov 30,2014

Milestones
Solicitation issued
Letter of Intent due
Full proposal due by 12:00PM EST
Eight winning teams selected
Contract agreement completion ($3,500.00 per award)
Midterm progress report & one prototype for vibration testing due
Down-selection four teams ($2,000.00 per award)
Final prototype due
Travel to MU to present the results, demonstrate their prototypes, and
attend award ceremony ($2,000.00 per team for travel to MU)
Final report due

*planned to align this event with a football game and campus tour.
Funding decisions should be made by December 21, 2013. Projects will have an estimated grant
award date of January 15, 2014 in order to allow student teams to fabricate their prototypes
during Spring 2014 semester. A mid-term progress report documenting the design, assembly,
analysis, and test of three RevCon prototypes, along with one working prototype, will be
delivered by May 1, 2014.
Based on the quality of their submission, up to 4 teams will be selected to provide a modified
proposal for the final demonstration at MU. Those advancing teams will be awarded additional
funding to improve their prototypes and required to deliver one working prototype by October
15, 2014. The advancing teams will be invited to travel to the University of Missouri –
Columbia, MO, to present and demonstrate their RevCon connectors to an audience of judges,
government and corporate technologists on November 10, 2014. The University of Missouri Columbia will provide the plate, test rig, cooling system, etc. for the demonstration. The test
results from the demonstration will be ranked. The teams with the highest ranking will receive
award certificates. A final report documenting the design, assembly, analysis, and test of revised
prototypes, will be delivered by November 30, 2014.
VI. POINT OF CONTACT
Dr. Chung-Lung (C.L.) Chen
Address:
Mechanical & Aerospace Engineering
E2403B Lafferre Hall
University of Missouri
Columbia, MO 65211
Email: internationalrevcon@missouri.edu
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