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Abstract: The VX-CR is a test platform simulating the helicon plasma source present 
at the first stage of the VASIMR® engine. The device was designed to study the performance 
of  the VASIMR® plasma source for long periods of  time (1 to 100  hours),  allowing the 
development  of  the  required thermal  management  subsystems and the analysis  of  issues 
limiting its lifetime. Results are shown for long duration experiment campaigns performed 
in  2010  and  2011,  which  include  the  longest  continuous  single  pulse  and  the  longest 
accumulated set of pulses on single sets of inner helicon core components.

Nomenclature

VASIMR® = Variable Specific-Impulse Magnetoplasmatic Rocket
RF = Radio-frequency
ICH = Ion-cyclotron heating
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I. Introduction

The  Variable  Specific  Impulse  Magnetoplasmatic  Rocket  (VASIMR®)  is  a  high-power  electric  propulsion 
technology currently being developed by the Ad Astra Rocket Company. VASIMR’s main  advantages are high 
power density, high specific impulse, variable specific impulse at constant power, and radial magnetic confinement  
of the plasma stream with acceleration in a magnetic nozzle.1

VASIMR® consists of three interlinked magnetic cells which use superconducting coils, as shown in Fig.  1.  
Propellant is injected into a ceramic containment tube, where a helicon coupler ionizes it. The next stage consists of  
an ion cyclotron heating (ICH) radio frequency (RF) booster, which energizes the ions. Finally, a magnetic nozzle  
converts the ion gyro-motion into axial momentum, producing thrust.

Currently, there are two experimental research devices used to develop the technologies related to the VASIMR® 

engine. One is the VX-200, which is located at Ad Astra's facility in the city of Webster, TX (USA) and its results  
have been discussed elsewhere.1,2,3 The other experiment is called the VX-CR (“VASIMR® eXperiment - Costa Rica”, 
shown in Fig. 2), which is the subject of this paper. The VX-CR  is located at Ad Astra's research laboratory near the 
city of Liberia, in the province of Guanacaste in northwestern Costa Rica.

The purpose of the VX-CR experiment is to study the lifetime and thermal management issues of VASIMR ®'s 
helicon stage where many of the lifetime and thermal challenges are expected to be. It  is a high-power density,  
flowing helicon source fitted with a prototype thermal-management system, allowing it to operate continuously for 
long  periods  (>50  hours)  of  time,  which  allows  for  the  study  of  long-term  plasma  interaction  with  material  
boundaries and the assessment of component reliability and potential failure modes.

II. Experimental Facilities

Ad Astra Rocket Costa Rica's laboratory facilities consist of two main experimental setups. The VX-CR device,  
the  main  subject  of  this  paper,  is  a  high-power  (~10  kW)  helicon  source  intended  to  validate  the  thermal 
management systems of the VASIMR® first stage,  and also to study the issues limiting its lifetime as the VASIMR® 

operates in steady-state. The lab has another small vacuum facility used for material science experiments under  
high-vacuum and high-temperature conditions, and several other work and research areas.
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Figure 1. The VASIMR® concept. Figure 2. VX-CR Experiment and Vacuum Chamber.



A. VX-CR vacuum system

The experimental  facilities  at  Ad Astra Rocket  Costa Rica consist  of a  14 m3 304L stainless-steel  vacuum 
chamber, manufactured by Saret Metalmecánica of Costa Rica. This cylindrical chamber, named the Main Vacuum 
Chamber, is 4 meters long, 2 meters in diameter and weighs 4.7 metric tons. It is the first vacuum chamber designed  
and manufactured in the country for aerospace research. It is fitted with a 10 -4 torr base pressure pumping system, 
consisting of a Leybold roots-blower lobe pump, backed up by an Edwards rotary-vane pump. During steady state 
operation with argon gas, both pumps are capable of 1390 L/s of pumping speed while maintaining a  pressure level  
of 10-3 torr during normal operations (6 mg/s of argon gas flowing into the chamber).

Another high-vacuum (~10-6 torr) volume encloses the helicon core and RF coupler of the plasma source, and is 
isolated and pumped separately from the exhaust chamber.  The upstream chamber is maintained by a 1100 L/s 
Leybold turbo-molecular pump, backed by an Edwards rotary-vane pump. The upstream chamber is assembled from 
commercial vacuum hardware. It is connected to the Main Vacuum Chamber through a bypass vacuum link during 
the startup of the vacuum system, but is later separated automatically by the closing of a gate valve to separate the  
volumes. The high-vacuum pumps operate only on this section of the experiment. The plasma exhaust of the helicon 
source is expelled into the main chamber.

B. VX-CR gas injection system

While  the  VASIMR® design  allows  for  different  types  of  gases  to  be  used  as  propellant,  argon  has  been  
exclusively used in the VX-CR experiment to date. It is inexpensive, non-toxic, non-flammable  and safe to operate;  
while being a likely candidate for some of the initial VASIMR® mission profiles. The propellant is fed into the 
system using an MKS mass-flow controller. The gas injection system is able to deliver up to 5000 sccm (148.6  
mg/s) of argon into the helicon source.

C. VX-CR RF system

Electrical power is converted into radio-frequency (RF) waves through two different vacuum-tube amplifiers 
working in series. The first one is an Alpha brand model which delivers a net power of 1.5 kW. The second one 
increases  this to a  maximum of 13 kW, and it  was custom-built  for AARC-CR by Amplifier Systems Inc.  of  
Northbridge, California (USA). Both RF amplifiers increase  the signal coming out of an ICOM radio transmitter at  
the commercial high-frequency (HF) range.

The RF power enters the VX-CR experiment through a variable-capacitor matching network, designed to allow 
the RF operator to match the apparent impedance of the plasma load to 50 . A water-cooled antenna is connected 
to this matching network and surrounds the dielectric discharge tube in the helicon source.

D. VX-CR magnet system

The VX-CR's helicon source is enclosed within a set of solenoid magnets, manufactured in-house out of hollow 
copper tubing. The magnets are responsible for creating the axial magnetic field required by the helicon source. The  
copper layers are electrically insulated from each other by enclosing the individual turns in a fiberglass-based jacket  
rated for operation at temperatures up to 92° C. Water is pumped through the hollow section of the tubes to allow 
the magnets to operate at steady-state for long periods of time. Current is fed into the magnets by two separate  
power supplies, delivering 1300 A and 250 A of DC current respectively. A peak magnetic field of 0.4 T is obtained  
with this configuration.

The purpose of the magnet system is to create the axial magnetic field necessary to contain the ionized particles  
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and limit their interaction with the wall boundaries of the helicon source. Although this magnetic field level is lower 
than the specification for the VASIMR® first stage magnets, it allows the VX-CR to present thermal and life-cycle 
issues at extreme worst-case conditions, and allows for accelerated materials lifetime testing.

E. VX-CR diagnostics

Most of the VX-CR diagnostics are related to its primary goals of studying thermal phenomena and life-limiting 
issues for the VASIMR® plasma-generating stage.  Thermocouples are installed at different locations in the helicon 
source  in  order  to  measure  the thermal  response  of  its 
components  and  the  thermal  management  systems 
preventing the excess heat from accumulating. There are 
also coolant lines coming in and out of the high-vacuum 
chamber whose temperatures are also monitored.

Two  Langmuir  probes  are  used  for  diagnosing  the 
plasma exhaust plume. One is a reciprocating flux probe 
installed  at  the  exhaust  of  the  source,  driven  by  a 
pneumatic piston. The probe's position, bias voltage and 
current are digitized at high-speed by the data-acquisition 
system.

The other  one  is  a  seven-collector  Langmuir  probe 
array installed on an arm that sweeps through the plasma 
exhaust, also located inside the Main Vacuum Chamber at 
the exhaust of the source. This Langmuir probe array is 
shown  in  Fig. 3,  and  its  purpose  is  to  create  a  two-
dimensional ion flux map of the discharge plume.

There  is  an  Ocean  Optics  optical  emission  spectrometer  (OES)  available  to  monitor  the  visible  spectrum 
emissions of light from the plume. It can be used to look for evidence of erosion rates and impurities within the  
plasma discharge.  It has also been used in the past to create empirical predictive models of the operation of the  
plasma source.4

F. VX-CR control system and user interface

The  operation  of  the  complete  vacuum  system  is  automated  and  under  the  control  of  an  Allen-Bradley 
CompactLogix  programmable-logic  controller  (PLC),  which also takes  care  of  the safety interlocks  for  several  
aspects of the operation of the helicon plasma source. A Labview-based graphical user interface (GUI) interacts with 
the PLC and issues the required commands for operation.

G. VX-CR data acquisition system

The signals from the different sets of sensors and diagnostics are digitized by two different subsystems. One is a 
high-speed National Instruments PCI-6259 M-Series data acquisition card, responsible for digitizing data from the  
flux probes at sampling rates of 1 kHz and above. The other subsystem is a National Instruments CompactDAQ 
chassis which records data from the different thermocouples, and other low-speed signals such as the long-term RF 
power level trend, or the argon flow rate. This unit operates at sampling rates between 1 Hz and 10 Hz. 

Both  data  acquisition  cards  are  controlled  by a  Labview application,  which  also  interacts  with  the  control 
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Figure 3. Oscillating probe inside the VX-CR main 
vacuum  chamber,  shown  during  operation  of  the 
plasma source.



software application to retrieve and digitize relevant signals coming from the PLC unit. All signals are centralized  
and eventually stored into an MDSPlus*** tree structure for permanent storage in a remote server.

A Java application was developed in-house to collect and catalogue metadata from all the information stored in  
the MDSPlus repositories into an SQL database. This software tool, called Shot Manager, is then able to perform 
advanced  queries  allowing  the  user  to  locate  specific  experiments  in  the  past  which  meet  selected  criteria.  
Interaction with the actual MDSPlus trees enables the user to visualize the signals from within the same application,  
thereby greatly enhancing the capabilities of the original  MDSPlus code. The Shot Manager has a data-mining 
module  able  to  automatically  catalogue  metadata  from  legacy  MDSPlus  trees,  allowing  the  application  to  be 
deployed into an existing software infrastructure using this type of repository.

H. Other experimental and support facilities

Ad  Astra's  Costa  Rica  facility  has  another  separate 
experimental  area  dedicated  to  the  thermal  testing  of 
different  materials  in  a  high-vacuum  (10-6 to  10-3 torr) 
environment.  It  consists  of  a  cylindrical  stainless-steel 
vacuum chamber  with  7 kW Watlow radiant  heaters  on 
the inside, shown in Fig. 4. It is used to test the thermal 
and  mechanical  properties  of  materials  of  interest  at 
conditions  comparable  to  those  found inside  of  the 
VASIMR® helicon stage core.

There  is  also  a  machine  shop  equipped  with  a 
conventional mill and lathe, plus a numerically-controlled 
mill. All   custom-made parts of the VX-CR experiment 
are manufactured in-house.

III. Relevant and recent results

Throughout  its  different  incarnations,  the  VX-CR experiment  has  been  able  to  achieve  several  milestones 
contributing to the development of other VASIMR® prototypes.  Its  first plasma was achieved on December 13, 
2006, with a  RF power level of 1.5 kW, as shown in Fig. 5.

In  June 2007, steady-state thermal operation was achieved at  a power level of 1.5 kW allowing continuous  
operation for over four hours. A thermal management system was added to the source in order to remove the excess 
heat produced during operation, allowing it to run continuously  for longer periods of time. Currently, the VX-CR is  
the only operating VASIMR® test prototype able to achieve thermal steady-state in its helicon stage, at any power 
level.

The RF system was upgraded and by August 2008, it was able to operate at 6.0 kW of RF power for periods of  
30 minutes. The 13-kW maximum power milestone was achieved on September 18 th, 2008. Figure 6 shows the RF 
power profile for a 10-kW pulse in December 2009. 

Recent experimental campaigns have focused on investigating the lifetime-limiting factors that would affect the  
operation of VASIMR® flight components. During September 2010, a 45-hour campaign demonstrated the operation 
of the source accumulating over 180 MJ of energy delivered to the plasma. This amount equals the total energy to be  
processed in a nominal single 15-minute operating pulse of the 200-kW VF-200-1 VASIMR® flight article planned 

*** http://www.mdsplus.org
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Figure  4:  Thermal  vacuum  chamber  and  related 
vacuum system.

http://www.mdsplus.org/


to be operated on the International Space Station (ISS).2 Some of the components used in the helicon source on this 
campaign accumulated 64 hours of operation including continuous pulses of over 15 hours, as shown in Fig. 7.

Figure 5. VX-CR's  first  pulsed  helicon  discharge 
using  argon,  achieved  on  December  13,  2006.  RF 
power was 1.5 kW.

Figure 6. High  power  operation  of  the  VX-CR 
helicon  source  in  December  2009,  peaking  at  10.5 
kW of RF power for 40 seconds.

A lot of effort was also invested in improving the engineering design of the helicon experiment, in order to 
eliminate all sources of potential contaminants that could interfere with a reliable operation. Figure 8 shows the  
progress achieved during the second semester of 2010, when carbon deposition from organic sources (seals, grease,  
solvents, feed-throughs, etc.) was significantly reduced in the inside components of the source. 
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Figure 7. A single set of VX-CR helicon core components accumulated 284 MJ of processed RF energy over 
63 hours of total operation. This set of campaigns included the longest continuous pulse ever executed on the 
VX-CR: 16 hours of operation at 1.25 kW of RF power, achieved on September 15th, 2010. 



Experimental campaigns during the year 2011 have focused on identifying the remaining sources of material  
contamination within the helicon core components. A new record was set for accumulated operation time on the  
same set of helicon core components, totaling over 106 hours at different RF power levels ranging from 1.0 kW to 
3.5 kW, as shown in Fig. 9.

The 32nd International Electric Propulsion Conference, Wiesbaden, Germany
September 11 – 15, 2011

7

Figure 8. Comparison  of  inner  components  of  the  helicon  source  after  operation  at  3.5  kW  RF  with 
contaminations (left) and with contaminants removed (right). 

Figure 9. RF power as a function of time for the first two VX-CR campaigns executed in 2011. An estimated  
total of 710.2 MJ were deposited into the helicon source over 106.7 hours of accumulated running time. RF 
data is not valid for the first 18 hours of operation.



IV. Future Work

In the near future, effort will be placed on studying erosion rates from particle impingement on plasma-facing 
materials within the VX-CR core. These studies are relevant to the design process of the VASIMR® VF-200 space 
prototype, as they will provide insights on the reliability of the helicon stage over long periods of operation and help  
predict the actual lifespan of the planned commercial VASIMR® prototypes.

The understanding of the erosion and deposition phenomena present inside the source will continue to allow the 
operation  of  the  VX-CR  experiment  at  thermal  steady-state  conditions  and  at  higher  RF  power  levels.  A 
demonstration of thermal steady-state operation of the VX-CR at its maximum power level is the ultimate goal being 
pursued by the current set of experimental campaigns.

In 2012, a major upgrade of the magnet system will take place. A new set of water-cooled coils will be installed,  
which will be able to operate steady-state at up to 7000 G, close to 50% of the expected VF-200 peak-field value. 
The new geometry will allow the configuration of a replica of the VF-200 helicon source, 5,6 permitting the test of 
this design's thermal management systems for the first time.
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