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SAMSON in a Nutshell

As previously reported, SAMSON is the Technion’s Space Autonomous Mission for Swarming and Geo-locating Nanosatellites.  SAMSON aspires to be the world’s first university-built 3-nanosatellite autonomous cluster flight mission with a projected commercial launch to low Earth orbit in 2019.  The satellites are designed, assembled and operated mostly by the SAMSON team of researchers and engineers from ASRI, Aerospace Engineering students and the collaborating Israeli industries. 
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Figure 1: Artist’s Concept of SAMSON
The three SAMSON satellites will fly in a cluster, where the distance between any two satellites is not less than 1 km and not more than 250 km, for a full year. The cluster will be further employed to locate terrestrial signals at high precision for applications such as search and rescue in the ocean or in disaster zones.  For this, we will build a ground emitter to be located on the Technion campus.  The geo-location will be based on Time Difference of Arrival (TDOA) and Frequency Difference of Arrival (FDOA) methods.  SAMSON uses a new space computer initially designed at the Technion’s Faculty of Electrical Engineering, and now produced and sold by IAI/MBT Space Division. For this ambitious mission, we have also developed (with Rafael Ltd) a new cold-gas propulsion system and a dedicated geo-location payload (with IAI/Elta).

Following a telephone conversation between Prof. Pini Gurfil, Director of the project and Mrs. Rebecca Boukhris, Trustee of Fondation Adelis, this report provides an overall account of the SAMSON Project since its inception.
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Project Status

The SAMSON project officially started in March 2012 with a Systems Requirement Review (SRR) in which the mission’s Systems Requirements document was presented and discussed.  The event was very well attended by Technion personnel, as well as by engineers from the leading space industries in Israel, and a few interested parties from abroad.  Since the SRR, we have slowly but surely assembled a large and diverse team to work on the mission.   At least one general team meeting is held every week and additional smaller meetings as needed.  The team has developed a detailed mission concept and the design of the SAMSON satellites. At present, we are in the process of launch procurement and final assembly, integration and testing stages. 

The following milestones were successfully achieved:

· March 2012	  	Systems Requirement Review

· July 2013		Preliminary Design Review

· July 2014		Critical Design Review

· February 2015		Integration Readiness and Kick-Off Review

· December 2015	Propulsion Pressure Tank Manufactured

· January 2016 		Payload Development Completed 

· May 2016		Ground station development started

· July 2016		Testing of accurate timing system complete

· August 2017	          	Ground station design complete

· September 2017    	 Agreement on Launch Services prepared

· November 2017     	Launch procurement approved by Technion 

· January 2018          	Agreement on Launch Services Subscription signed

· April 2018		Vibration tests started

· October 2018		Panel deployment tests conducted

· January 2019		Final Launch Agreement Received

The project is on track for the planned launch during 2019.
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[image: ]The Team

Our team now consists of Technion professors and administrators, ASRI researchers and engineers, former and present Technion students, and space engineers from the industry (many of whom are Technion graduates). There are currently about 35 members of the SAMSON team.

Project Management and Steering Committee  

Professor Pini Gurfil is the project director. In addition, some of the most experienced experts of Israel’s space program have been recruited as members of the Steering Committee to the project:

Professor Moshe Guelman (Technion) – former director of ASRI and a prominent space scientist;

Dr. Daniel Choukroun (Ben-Gurion University of the Negev) – leader of the satellite development program in BGU, and an experienced space scientist; 

Shmaryahu Aviad (Israel Space Agency) – former senior manager in the Israeli space program; 

Moshe Shachar (Ministry of Defense) – senior expert on satellite systems and the past manager of the TECHSAT satellite program at Technion.

In addition, the project team regularly consults with experts from the Israel Aerospace Industries (IAI) space division, former founders and leaders of Israel’s military space program, Israeli Space Agency (ISA) officials, professors, and space engineers. These advisors are invited to some of the meetings and design reviews, and provide feedback, which is taken into consideration and implemented as needed. 
  
Avner Kaidar is employed as SAMSON’s primary systems engineer, with a few decades of experience in Rafael and other industries.
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[image: ]Furthermore, IAI allocated professionals in the fields of electrical engineering, who developed the satellite basic units and systems (BUS), thermal analysis, integration experts (who built all of Israel’s satellites).  Rafael is contributing Michael Zaberchik, who is responsible for personally constructing the propulsion units. 

Funding
 
In addition to the direct Technion funding made possible with the generous support of Fondation Adelis and the late Mr. Arnold Goldstein, the project is now also partially supported by Israel’s Ministry of Science and Technology (MoST) through grants from ISA.  Undoubtedly, MoST and ISA appreciated the Technion’s investment in this prestigious space project and had a strong desire to participate and further endorse it by providing much needed complementary funding.  To date, we received two generous grants from ISA. One grant for NIS 2.8 million is dedicated to supporting the study of formation flying and the high launch costs.  The second grant for NIS 1 million is to establish a knowledge center for small satellites at ASRI, which is also used to support the SAMSON effort.  These ISA grants also allow us to allocate small amounts of funding (NIS 0.6 million) for the work of our partners in the industry. 

Recent Activities

In the past year, important progress has been made in all aspects of the design and testing. These include vibration testing, clock board redesign, solar panel deployment experiments, and software engineering. The final BUS units from IAI have been received. These units include the flight computer, which will operate SAMSON’s complex flight software.  In addition, RAFAEL has delivered the final, flight-ready propulsion modules. Of course, the highlight of our activities last year was the inauguration of the Adelis ground station.
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Vibration Testing

SAMSON satellites will be launched on board PSLV, an Indian launcher. During launch, the satellites will experience vibrations at various amplitudes and frequencies. It is essential to test the satellites prior to launch, to ensure that no mechanical failure will occur. Such tests have been conducted at Hermon Labs, a specialized facility capable of providing the same vibration regime expected during launch. Figure 2 shows the satellite assembled on top of the vibration facility. Following the vibration test, we identified a failure in the clock board, containing the quartz oscillator used for time keeping. This required a redesign of the board, which has been successfully completed in recent months.
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Figure 2:  SAMSON assembled on the vibration test facility 
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[image: ]Solar Panel Deployment Experiment

Each SAMSON nanosatellite is equipped with deployable solar panels, designed to maximize electrical power generation from direct sunlight. The panels are attached to the sides of each box-shaped satellite. After launch, a deployment mechanism is activated, so that the panels are deployed and rotated towards the sun. We have conducted an experiment using a specialized facility (see Figure 3), aimed at testing the eletro-mechanical deployment mechanism (activated through the satellite software). The test was successful, but we detected a design problem with the hold-down release mechanism (HDRM). New HDRM units have been shipped by the manufacturer. 
·  
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Figure 3: Solar panel deployment experimental facility 
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[image: ]Flight-ready Propulsion Units

SASMON nanosatellites are equipped with a cold-gas propulsion system, operating by releasing compressed Krypton gas. This system requires judicious testing to validate that no failure occurs during high-pressure operation. RAFAEL’s Michael Zaberchik, an experienced, senior engineer, has completed the design, assembly, testing and delivery of the propulsion system, shown in Figure 4.
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Figure 4: SAMSON’s flight-ready propulsion unit
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Software Development 

Significant progress in software development has been achieved, thanks to an external contractor who provided us with 2 additional programmers. The SAMSON software has been almost finalized. This includes both the satellite software and the ground station software. An overview of the software is provided in Figure 5.



 
Figure 5: SAMSON software overview
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[image: ]Adelis Ground Station  

In a festive ceremony held at the Technion on June 11, 2018, the ground station for the Adelis-SAMSON nanosatellite project was inaugurated.

The ground station for satellite missions was built at Technion with the support of Fondation  Adelis and the Israeli Space Agency of the Ministry of Science and Technology. Following the launch, the nanosatellites will be monitored by Technion’s ground station, which will monitor the satellites’ activities and receive transmitted data. 

Rebecca Boukhris, Trustee of Fondation Adelis, said during the inauguration ceremony that, “At the end of 2014 we signed an agreement with Technion, and within one year NASA completed the agreement with the Israeli Space Agency. The Adelis-SAMSON project provides Technion and Israel with an opportunity to cross borders and initiate a new technological revolution, and we are proud to be among the pioneers of this project.”
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Representatives of Fondation Adelis together with Prof. Pini Gurfil, Director of the Project,Prof. Boaz Golany, Vice President for External Relations and Resource Development and Mrs. Muriel Touaty, Director General, Association Technion France at the Inauguration Ceremony
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[image: ]Cooperation with Industry

The State of Israel is a proud member of the Space Club of Nations, less than ten countries around the globe that design, build, and launch their own satellites.  As such, Israel’s space industries are world-renowned and have achieved their well-respected standing for the satellites they built and are building and selling today.  In contrast, the research at ASRI is focused on the more remote future and on technologies that are not yet implemented in the industry. 

Small, university scale satellites, such as those of SAMSON, are turning (on a worldwide basis) into the primary tool for training engineering students as well as for testing novel application in space before they can be implemented on large, commercial satellites.  University space research by nature is too far ahead in the realm of the future for the industries to immediately turn concepts and designs into current business plans. Nevertheless, many industries do have the vision and do realize that today’s research is tomorrow’s potential business. 

Over the course of the past two years, the Technion has claimed the role of spearheading small-satellite research in Israel, mostly owing to the SAMSON project. Under the leadership of ASRI, we have now built a diverse group of several dozens of researchers and engineers from the Technion and from the collaborating Israeli industries.  In fact, with the onset of the SAMSON project, we were overwhelmed by how the space industries (who can be fierce competitors in other arenas) rushed to join SAMSON under the academic umbrella of ASRI, and are now closely joining forces over SAMSON. The industries are not paid to work with us, but they obviously recognize the technological value of being part of a cutting edge space mission.  In the space business, where customers are few, missions are scarce, and heritage (track record) is everything, SAMSON provides a rare opportunity for the industries to be part of a novel, yet real, mission through which their hardware gains precious heritage in space.  To that end, one cannot overestimate the stature, which real space projects such as Techsat and SAMSON bring to the Technion.
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[image: ]Our Partners in the Industry 

The space division of IAI, MBT Space, is Israel’s primary space contractor, and the home of Israel’s highly successful Ofeq, Eros, and Amos satellite lines.  Once SAMSON was conceived, MBT Space generously volunteered to provide systems engineering services to the project as well as their other expertise in attitude and thermal control, thermo acoustic testing, systems integration, and more of its other expertise in satellite building.  MBT Space has already spent thousands of engineer work hours for the sake of SAMSON and will surely use many more.  MBT Space just now developed a new “bus” (basic units and systems) for nano-satellites. We are in the process of purchasing three such units for the SAMSON satellites, which will be one of the first test beds for the new bus.  It is easy to see that our lively collaboration on a university mission has appreciably increased the interest and investment of the IAI/MBT in small satellites.

Rafael Ltd is arguably the single most important backbone of Israel’s defense industries and likely its most profitable member.  Rafael designs and builds thrusters and thruster components for most of Israel’s satellites, and furthermore sells some of these abroad. Rafael was part of SAMSON early on, when one of its engineers was instructing group student projects at the Faculty of Aerospace Engineering.  Since SAMSON was conceived two years ago, these projects were geared towards the SAMSON mission. Under the instruction of engineers from Rafael’s Space Directorate, Technion students designed the thruster system of SAMSON that will be key to the success of its formation flying and the geo-location missions. Rafael is also providing an experienced mechanical engineer, Michael Zaberchik, who is overseeing the development and complex procurement and manufacturing process of the thrusters in Rafael.

ELTA Systems Ltd., a Group of IAI, is one of Israel's leading defense electronics companies.  Along with Elbit Systems Ltd, it was passionate to build the geo-location payload for SAMSON.  We eventually ended up teaming with Elta, although no doubt Elbit could have been a highly competent partner as well.

[bookmark: _GoBack]Several Elta engineers are core members of the SAMSON team and are working closely with the SAMSON team to develop the geo-location payload.  Elta has never before built such an instrument for space, so they are obviously interested in exploiting this opportunity to potentially develop new expertise they would not have had without SAMSON. 
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[image: ]Launch

Whilst it was anticipated that SAMSON would be launched in 2018, this has been delayed due to technical problems at the time of the vibration testing as referred to above. These problems are being resolved with a view to launching on board the Indian PSLV launcher later in 2019. 
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