
Heart of Satellite-aided Data Commu-
nication – The Travelling Wave Tube

The data communication of satellites makes 
great demands on the telecommunications and 
fine mechanics of the system. On the one hand, 
the weak signal strengths in orbit must be am-
plified precisely and with as high a linearity as 
possible in a defined frequency band. On the 
other hand, the sensitive signal amplifiers must 
be reliably protected from negative influences 
mainly due to heat or cold. The just tolerable 
fluctuation in the output signal quality is only 
±1 %. The users or terrestrial receivers of the 
satellite signals profit from this continuously 
high performance; a basic prerequisite for the 
transmission of digitally coded TV and news in-
formation. There are two companies world-wide 
at present in possession of the production know-
how for manufacturing travelling wave tubes or 
microwave amplifier tubes. Thales has already 

produced more than 8,000 travelling wave tubes 
(TWTs) for the aerospace industry, most of them 
for the field of radar. A satellite is equipped with 
30–50 such amplifier units on average. All TWTs, 
whether a new development or a series model, 
are subjected to rigorous test procedures at 
Thales. These guarantee consistent high quality 
and maximum system reliability.

A Look inside the Tube

The principle of the TWT is based on a special 
physical effect: When an electromagnetic wave 
(HF) travels along a wire helix inside which there 
is an electron beam, the HF wave is amplified in 
interaction with the electron beam (fig. 1). Weak 
input signals can be converted into an efficient 
output signal in this way. A cathode generates 
electrons in the vacuum in the tube and acceler-
ates them towards the anode. A magnetic field 
controls and focuses the electrons in the centre 

Temperature Stress Test
High Demands on Travelling Wave Tubes for Data Communication in Satellites

In satellite technology travelling wave tubes are used as efficient and robust 

amplifier systems for microwave signals. The demands on quality and  

reliability of the tube amplifiers are very high. Their average economic life 

time in orbit, e.g. in geostationary satellites such as Astra is approximately 

15–18 years. Intensive function and stress tests are carried out in advance  

to ensure a trouble-free operation. Cyclic temperature stress tests ensure 

that the signal amplification is always within the tolerance range even at 

fluctuating ambient conditions between -40°C and +90°C.

of the helix to achieve maximum efficiency. 
Whilst the high-frequency wave (HF) propagates 
along the helix, part of the kinetic energy of the 
electron beam is transmitted to it. This amplifies 
the wave in propagation direction of the elec-
tron beam. Excessive electrons are slowed down 
by electrodes in the collector at the end of the 
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Fig. 1: Schematic structure and functional principle of a Thales travelling wave 
tube or microwave amplifier tube. Weak input signals are converted from a 
centrally bundled electron beam into an efficient output signal along a helix.

Fig. 2: Parallel test bench for testing the thermal stability of travelling wave 
tubes. Extreme test conditions between -40°C and +90°C.
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helix. The rest of the kinetic energy 
is converted into heat. The efficien-
cy of modern Thales tubes is an 
impressive 70 %. Travelling wave 
tubes of different dimensions and 
technical equipment now cover the 
entire microwave spectrum. The 
range of performance is adapted 
selectively to the different require-
ments and areas of application. It 
is between 30 W and 5 kW output 
power depending on the frequency 
band.

Temperature fluctuations can 
influence the strength and stability 
of the external magnetic field and 
have a negative effect on the helix 
current as a result. Under unfa-
vourable conditions its fluctuations 
may be up to ±10 %. Appropriate 
technical modifications and correc-
tions are necessary to keep the 
temperature influence as small as 
possible. Such effects can be mea-
sured quantitatively in the labora-
tory with the use of complex ther-
mal simulation tests. Thales carries 
out the thermal stability tests on a 
specially developed temperature 
test bench (fig. 2). The unit to be 
tested is connected thermally con-
ductively with a cooling/heating 
plate for this. The latter is supplied 
with the appropriately tempered 
medium by a high-performance 
process thermostat. The cooling/
heating plate is tempered accord-
ing to exactly specified profiles (fig. 
3a). A row of sensors records the 
electronic parameters and changes 
in the helix current exactly during 
the test. The test logs allow accu-
rate conclusions to be drawn with 
regard to the overall thermal sta-
bility of the system. The test set-up 
is dimensioned so that the chang-
ing thermal-mechanical conditions 
in orbit can be simulated perfectly. 

Fig. 3a: Example of a temperature stress test of travelling wave tubes.  
Schematic of a cyclic long-term test program between -30°C and +80°C.

Fig. 3b: Extremely fast and reliable temperature change between -50°C and 
+20°C. Power diagram with nominal and actual value curve (red or green).



The heat exchange of the tube takes place in the 
later, operable complete system by perfect con-
tact with the housing.

Alternating Temperature Test

Extreme test conditions make special demands 
on the technical equipment. Very fast tempera-
ture changes and long test cycles demand maxi-
mum performance and technical perfection of 
the tempering device – in continuous operation 
even. The Lauda Integral XT 250 W (heating 
power 3.5 kW, cooling power 2.1 kW) and XT 
950 W (heating power 5.2 kW cooling power 9 
kW) process thermostats (Fig. 4) satisfy these 
conditions without restriction. With a minimum 
temperature of -50°C and a peak value of 
+200°C (or +300°C in the high-temperature 
version) the requirement profile for the standard 
test of travelling wave tubes is completely cov-
ered. The very fast temperature changes of the 
thermostats are based on the low internal heat 
medium volume. In the newly developed princi-
ple, the tempering fluid circulates in the entire 
system without contact with the ambient air – a 
special advantage for frictionless continuous op-
eration. This prevents condensing of humidity at 
low temperatures or unpleasant smells at high 
temperatures. Therefore no medium change is 
necessary over the whole temperature range of 
-50°C to +200°C. Lauda offers several perfor-
mance classes for different test requirements or 
parallel test solutions. The most powerful model 
has a cooling power of 18 kW at 20°C and an 
impressive 2 kW at -40°C. High thermal loads 
are to be removed even in the freezing cold with 
this. Since the test benches at Thales are in air-
conditioned rooms, the additional introduction 

of heat into the laboratory must be kept to a 
minimum. The efficient water cooling of the 
thermostats meets this requirement completely.

The hardest thermal-mechanical material 
and function tests include the rapidly successive 
changes between extreme temperatures (fig. 
3b). These stress the test sample extremely as 
well as demanding maximum reliability from the 
thermostat. Test cycles in the range of -40°C and 
+90°C and a high repetition rate are part of 
Thales’ standard test program. Similarly hard 
test conditions with fast changes between freez-
ing cold and extreme heat are also encountered 
in the automobile and automotive supplier in-
dustry. The existence of appropriate hard stan-
dard tests is a prerequisite for product approval 
and an important part of the quality manage-
ment system there. The entire duration of such 
thermal function tests may be up to several 
weeks depending on the specification. Approxi-
mately realistic thermal stress patterns are pro-
duced, analogous with the situation of the later 
inhospitable area of application. All this with a 
high time compression.

In addition to cyclic load tests, function tests 
with absolutely constant temperature conditions 
play a role. These include long-term tests at very 
high and very low temperatures with a tempera-
ture stability of ±1°C. This is achieved by very 
finely tuned tempering algorithms in connection 
with the powerful Vario pump with eight output 

levels. The latter generates tempering medium 
flow volumes of up to 90 l/min if necessary – op-
timum conditions for handling larger heat loads 
in parallel tests. The user-friendly menu structure 
allows even complex change temperature cycles 
to be programmed easily in a few steps and with 
convenient graphic support. This is also option-
ally possible on the PC screen with the Wintherm 
Plus software.

Product Optimisation of Travelling Wave 
Tubes by Thermal Stress Simulation

The decisive advantage of rigid thermal stress 
tests is in detecting weak points at an early 
stage and being able to make the appropriate 
constructional modifications to the structure of 
the tube architecture. Since later interventions 
and corrections are not possible in space, the 
simulation is very important. Thales is currently 
concentrating on several important aspects: re-
duction of the total weight of the tube, a further 
increase in the efficiency, the multi-band capa-
bility with excellent linearity and the wideband 
RF output power. The growing need for efficient 
travelling wave tubes means that a maximum 
reproducibility from tube to tube has to be en-
sured. Extensive and intensive thermal stress 
tests are necessary for all these optimisation so-
lutions. Lauda Integral XT process thermostats 
are particularly suitable because of their perfor-
mance features and long-term reliability. This 
makes the conducting of material and function 
tests more efficient. The development times for 
engineers and technicians are shortened. The 
time required for routine quality assurance in se-
ries production is also reduced. The optimum 
tempering technology therefore contributes de-
cisively to reducing the high development and 
unit costs of these complex systems. High-per-
formance, high-tech thermostats make a major 
contribution to even greater operational reliabil-
ity and speed up the test procedures for new, 
satellite-based technologies.
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Fig. 4: Lauda Integral XT 250 W (left) and XT 950 
W (right) process thermostat.


