Contract No. R-040-051
“Portable Solar Array Modules Phase II”
Submitted by Packet Digital
Principal Investigator: Andrew Paulsen

PARTICIPANTS
Sponsor Cost Share
U.S. Naval Research Laboratory $500,000
Subtotal Cash Cost Share $500,000
North Dakota Industrial Commission $500,000
Total Project Cost $1,000,000
Project Schedule — 10 months Project Deliverables:
Contract Date — 8/14/2019 Progress Report: 8/31/2019 v/
Start Date —5/1/2019 Progress Report: 11/30/2019 v/
Completion Date — 4/30/2019 Progress Report: 2/28/2020 v/

Progress Report: 6/30/2020* v/
Progress Report: 9/30/2020* v/
Progress and Final Report: 1/31/2021*

*Denotes changes to original contract.

OBJECTIVE/STATEMENT OF WORK:
Building on the first phase of this project, the purpose of this phase is to enhance the design of the portable solar power
generation system to prepare for production:

1. Simplify the manufacturing/assembly process,

2. Refine the system to comply with customer requirements, and

3. Perform industry and military standard tests.

Packet Digital is partnering with the Naval Research Lab and Nishati, a Virginia based company to develop the product.
Manufacturing will occur at Chiptronics in Dunseith. Navigant Research forecasts the portable solar market will grow
from $550 million in 2014 to $2.4 billion in 2024 (15.87% CAGR.)

The product that Packet Digital developed in Phase | and will enhance in Phase Il provides portable solar with 36% more
power in 42% less space and 80% less setup time compared to what is currently available on the market.

STATUS:

The contract has been executed.

August 2019
Status report received. The report states in part:

Substantial progress has been made during this period, primarily focusing on the electronic tests and debug activities on
the product from Phase | design. Activities in this period include:

e Rigorous field tests at Nishati’s test center in Gilbert, AZ. The portable solar generation system was tested for
functionality and performance under the hot Arizona climate with average daily temperature above 100°F, day
and night continuously. Any issues encountered or ideas that came up during field test were communicated
immediately for remote firmware updates.

e Firmware updates to support feedback from field tests. Multiple firmware updates were sent for various
improvements such as but not limited to: removal of low frequency oscillations on the inverter, stability
improvement in the control loop, make the system more resilient to solar panel shadowing effect, and user
indicator of 80% battery capacity threshold during charging.



Rebuilding one module that got damaged due to debris induced short circuit (see Appendix A).

In house laboratory hardware tests. After rebuilding the damage module, several tests were done in the lab to
ensure proper functionality as well as fine tuning of the overall system.

Battery runtime tests, resulting in more understanding about the BB2590 internal operation which allow Packet
Digital to develop battery charge and discharge algorithm improvement to extend the overall battery runtime.
Using the current BB2590 batteries that Packet Digital purchased, the average runtime was improved to about
8% with this algorithm.

Development and implementation of algorithm to solve inverter lockup condition. The inverter that is used in
the system has a built-in under voltage protection that will lock the inverter output when repeated under
voltage condition is detected. This situation is undesirable since it requires manual user intervention to reset the
inverter. The new algorithm that Packet Digital implemented removes this limitation.

The original design from Phase | was successfully field tested at Nishati’s test center. Upon completing the in-
house lab test, and implementing the new algorithms, PSG1 was sent back to Nishati for further field tests in
their facility and the test results were beyond satisfactory.

Objective 1 for Phase I, electronic boards design refinement followed by assembly and tests will start in August
2019.

December 2019
Status report received. The report states in part:

Report on the improvement in electronic design to simplify manufacturing and assembly process:

o Several iterations of design optimization have been done, resulting in a substantial reduction of
the printed circuit boards (PCBs) needed in the product. The total number of PCBs in PSG1 was
reduced by more than 30%, allowing simpler and faster manufacturing and assembly of the
product.

O Wiring and interconnects design were optimized, allowing less cabling (more than 34%
reduction), cleaner look, and more importantly, making assembly easier and faster.

o Every single iteration of design improvement was tested and passed the functionality check.

Report on the improvement in custom enclosure to simplify manufacturing and assembly process:
o Changes on both the front and back of the enclosure panels have been made to accommodate
the new printed circuit board designs.
o Improvement includes but not limited to:

m The original standoff locations have been repositioned in a way that will not obstruct
the assembly process, especially for the wiring installation.

m Creation of guidance pegs to facilitate mounting and potting of the display. Original
design in Phase | requires the assembler to manually drill mounting holes, which not
only takes time and is prone to accident, but also can potentially cause leakage and let
water into the PSG1.

m  Removal of screw holes for mounting PSG1 onto the Expedition 570 solar panel support
beam. Clamping collars are used instead of screws, removing the need to drill holes on
the solar panel support beam.

o Other improvements are still ongoing.
O Outsourcing the fabrication of the enclosure to overseas. This resulted in more than 40%
reduction in the total cost of building PSG1.

Report on the weight reduction of PSG-C1000 inverter module:

o Several options for energy storage have been looked into with respect to the final application of
the PSG-C1000. Lithium ion battery, capacitor and supercapacitor were the candidates for the
energy storage. Upon evaluating the cost, operability, and use case of the PSG-C1000, custom
capacitor banks were selected as the energy storage.

O The goal for Phase Il was to reduce the weight of PSG-C1000 to <25lbs. The weight of PSG-C1000
is now 22lbs, a substantial reduction from its original weight of 30lbs in Phase I.



e Report on the FCC and MIL-STD compliance of the product:
O Initial FCC test was done during the week of Thanksgiving Day at the NCEE Labs. Further design
refinement to reduce electromagnetic interference (EMI) is needed and is currently ongoing.

February 2020
Status report received. The report states in part:

e Report on the improvement in custom enclosure to simplify manufacturing and assembly process:

0 Refine the power display window to better fit the display printed circuit board (PCB) and remove the
PCB mounting screws. This not only enhances the appearance of the display but also eliminates the
need to screw the display during assembly which not only adds time and resource but also prone to
cause water intrusion in the enclosure itself.

0 Redesign the aluminum back panel and the polycarbonate front panel where the use of self-tapping
screws to secure both panels to each other is mostly being replaced with nuts and bolts with integrated
cuts on the aluminum panel for the nuts to facilitate easier assembly process.

0 Additions of slots for wiring on both aluminum and polycarbonate panels.

0 Grounding posts were added to the aluminum panel to facilitate easy grounding connection for the
polycarbonate panel.

e Report on the FCC and MIL-STD compliance of the product:

0 Electronic design refinement to reduce EMl is currently ongoing.

0 MIL-STD compliance test is scheduled to start in mid to late March 2020.

0 PSG1 has been internally evaluated and tested for IP67 compliance. Although IP67 is not a requirement,
we would like PSG1 to achieve IP67 compliance rating. The test is currently ongoing.

March 2020
Status report received. The report states in part:
e Report on the FCC and MIL-STD compliance of the product.
0 Electronic design refinement to reduce EMI is completed, currently building the system for FCC
compliance re-testing.
0 Due to the coronavirus outbreak that is causing delay in the production, the original schedule date for
MIL-STD compliance test is pushed back tentatively to late April 2020.
0 PSG1 has been internally evaluated and tested for IP67 compliance and it successfully passed the test.

A no-cost extension until August 31, 2020 to complete product testing has been requested and granted.

August 2020
Status report received. The report states in part:
e Objective 2: Refine PSG1 custom enclosure
0 Task 1 — Refine overall enclosure design to make the assembly process easier and less expensive.
= Enclosures with the latest design improvement were received from our vendor on March 30th.
The design improvements have been verified to allow easier wiring installation and overall
assembly process.
e Objective 4: System integration and field test
0 Task 2 —Conduct field test.
=  Subsequent field test after fixing the minor technical issue (reported in interim 4) was done
successfully, all functions worked as intended.
e Objective 5: FCC compliance testing
0 Task 2 — Contingency plan, in the event that FCC test fails, Packet Digital will perform design refinement
and re-test
= Electronic design modification was completed and functionally verified.
= Using the spectrum analyzer and near field probe, the level of radio frequency emission was
measured and compared with the original design. The result showed a reduced level of EMI.



= RF shield fabrics have been ordered and evaluated with varying results. One particular fabric
offers better flexibility than the others but with comparable RF attenuation. It will be selected as
the optional shield fabric.

=  FCC retesting will be scheduled after the completion of MIL-STD tests.
e Objective 6: MIL-STD testing and certification
0 Task 2 — Build four identical systems and proceed with the testing.
= The progress of assembling four systems was slowed down substantially due to the coronavirus

outbreak, resources had to be reallocated temporarily to fulfill military customer order of two
PSG1s.

= Assembly process is currently in back progress.

=  MIL-STD tests that have been coordinated with the Element Materials Technology test
laboratory and were already scheduled for late April had to be postponed due to the Covid 19
outbreak, currently planned for late July or early August.

e Objective 7: Looking into potential new design to support further hybridization with gasoline/diesel power
generator

0 Task 1 —Perform market survey to investigate the potential market demand for such a hybrid system.
= Market survey for hybrid solar and diesel power generators is ongoing with Nishati.

0 Task 2 —Perform initial design architecture, capturing general functionalities of the hybrid system.
= Wil be started after the market survey is complete.

Additional details available in full report.

September 2020
Status report received. The report states in part:
e  Objective 6: MIL-STD testing and certification
O Task 2 —Build four identical systems and proceed with the testing.
=  Four PSG1 systems were built and functionally verified before being sent for MIL-STD tests.

=  MIL-STD tests were performed at the Element Materials Technology test facility in Minneapolis
from July 20th to July 31st, 2020.

=  Four units of PSG1 were tested in parallel in order to save time.

= PSG1 successfully passed all the tests that have been prepared for.

0 Task 3 — Contingency plan, in the event that any of the MIL-STD tests fail, Packet Digital will perform the
necessary design reinforcement and re-test.

= PSG1 passed all the planned MIL-STD tests, no contingency plan required.

Additional details available in full report. A no cost extension has been requested and granted.
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