
Caution: Ongoing test at P4.1 test stand. An engine is being ignited in a vacuum, that is, under near space 
conditions. This makes the large facility at the DLR location in Lampoldshausen unique in Europe.
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Report on engine test for future space launch vehicle Ariane 6

By Manuela Braun

The first barriers will be set up at 10:45. The Talstrasse, which passes directly below the test 
facilities at the DLR site in Lampoldshausen, is now closed to traffic at a distance of about 

300 metres. And the traffic light is red at approximately 50 metres from the P4.1 test stand, 
built and operated by DLR on behalf of the European Space Agency (ESA). A warning sign 
dangling on the chain that stretches across the access road to the test stand reads ‘Danger 
zone’ in bright red uppercase letters. “When the chain is locked: Life-threatening danger! 
Major DLR test underway!” Today, liquid oxygen at a temperature of minus 183 degrees 
Celsius and liquid hydrogen at minus 253 degrees Celsius will flow through feed lines, a Vinci 
engine will be ignited twice in a vacuum, followed by a two-hour simulated propulsion-free 
flight. In doing so, the vibrations that occur in the feed line filled with liquid oxygen will be 
dampened as effectively as possible with a newly developed system. All this happens under 
the space conditions that the Ariane 6 launch vehicle would endure during a flight – yet it 
takes place close to the ground. The P4.1 test stand is the only one in Europe that can main-
tain a stable vacuum during a test in which the engine and nozzle can operate as if at an 
altitude above 70 kilometres.

Choreography of a test

“The test stand has been cleared.” Bernhard Linseisen puts down the telephone receiver. He is 
responsible for ensuring that the strict safety barriers around the test stand are met during the 
engine test, and ensures contact between the test director and the safety centre. Only those 
who have permission from the test director and express clearance from the safety centre can 
remain in the restricted area. Manuel Müller nods and reaches for his ballpoint pen. One more 
item checked off the long list of around 1500 that must be completed during today’s test. 
Müller is responsible for this chronology today and will therefore be test director Stefan Grun-
wald’s right hand. This evening, at approximately 19:00, the last note will be added to the thick 
pile of paper and the last item checked off. An engine test follows an elaborate choreography 
with many participants who are each responsible for their respective fields. The chronology 
ensures that no detail is forgotten and everything falls into place.

LAUNCH INTO SPACE WITH A
DOWN-TO-EARTH ATTITUDE



NEW TEST STAND FOR ARIANE 6

A new facility is being developed and built at the DLR site in 
Lampoldshausen for testing the upper stage of the new Ariane 6 
launcher. The upper stage of the Ariane 6 will be tested extensi-
vely on this new P5.2 test stand – the only place in Europe where 
this will be possible. These tests will include fuelling and defuel-
ling tests as well as hot run tests for the upper stage. The 
commissioning of the new test stand is scheduled to start in 
2018. The DLR Institute of Space Propulsion is technically respon-
sible for the construction and subsequent operation of the test 
stand.

Waiting for clearance

The atmosphere in the control room is still relaxed. Since 10:00 this 
morning, the engine has been covered with a special protective heat 
shield, all equipment and tools from the vacuum chamber in the test 
stand have been dismantled, and the heavy door of the vacuum 
chamber has been closed. One of the screens in the control room 
seems to show nothing – the camera is pointed at a black nozzle in a 
pitch-black chamber. Only during the hot run will this screen show 
something – the orange-coloured glow of the engine nozzle. While 
the last preparations are underway, Grunwald is sitting next door in 
the meeting room. Together with his team, he is discussing the last 
measured values and the deviations from these values during the final 
rehearsal with the client, the company Airbus Safran Launchers (ASL). 
Green light for the planned test run will only be given if both parties 
– DLR as the test stand operator and ASL as the contracting entity – 
agree on the framework conditions for today’s test.

Increase from test run to test run

At 11:30, the time has come: Grunwald attaches the clearance docu-
ment to the white board in the control room. “Green light for test 
M5R-12” and the signatures of the test director and client are on the 
paper. The twelfth test run since April 2016 – and number 108 in 
total with a Vinci engine – can begin. After the decision made at the 
ESA Council meeting at ministerial level in December 2014 to develop 
the Ariane 6 launcher, the previously tested Vinci engines and nozzles 
were also changed. Instead of an extendable nozzle, for example, a 
shorter, more compact one is now being developed and thoroughly 
tested. At the DLR site in Lampoldshausen, the tried and tested P4.1 
high-altitude test stand was therefore modified and adapted to the 
new development targets. While a hot run without a nozzle was 
carried out in the first test in order to keep the risk low, the final 
configuration has meanwhile edged a bit closer with each test. Today, 
several newly developed components are in the test stand, such as 
the engine, the nozzle, liquid-oxygen feed line and valve, as well as a 
vibration damping system.

The ‘Go’ is given. Oxygen and hydrogen are now flowing through the 
test stand feed lines – it will take between two-and-a-half and three 
hours until the test stand and engine have cooled down enough for 
the test conditions to be reached. “LH2?” – “Tank pressure control is 
running.” “What is the gas composition in the vacuum chamber?” 
There is less and less background noise in the control room. Only brief 
questions and answers are exchanged. Everyone is now sitting in 
position as a specialist for their area and looking at the graphics and 
measured values displayed on the screen. At the beginning of the 
test, many things are still set manually – important in this case are the 
boundary values, and the experience and instinct of the scientist. 
Later, the computer will increasingly take over. Approximately 150 
sequences with countless lines of code will then ensure that the 
processes in the test stand are automatically and precisely executed 
– and that the test is stopped if the measured values require it.

Ignite, cool, fly

The engine will run for 600 seconds after the first ignition. Shortly 
before that, four steam generators will be ignited that – after a large, 
three-metre-diameter flap has connected the vacuum chamber and 
high-altitude system – will produce an air pressure of only a few milli-
bars, almost like a vacuum, in the facility for the duration of the test. 
A short 120-second period follows in which the engine is purged and 
cooled again before re-igniting for 60 seconds. Then, there is a two-

hour ‘free flight’, a so-called coast phase in which the upper stage of 
the Ariane 6 rocket ‘flies’ without propulsion. The test on P4.1 should 
then end with a final cooling of the engine. Approximately 900 
sensors installed in the engine and test stand record pressure, temper-
ature and acceleration levels throughout the test. On this test day, 
however, not everything will go as planned.

13:00. “Now it’s getting cold.” Today, Ralf Hupertz is the Supervisor 
of the test team. He looks at two screens crammed with data, meas-
ured values and graphics. “Now there is liquid in the lines.” “13:30, 
then the next safety barrier,” Grunwald says. Linseisen informs his 
colleagues in the safety centre. From this moment, the radius of the 
secured zone is drawn even wider than before. The control room is 
now cut off from the outside world – only voice communications with 
the safety centre and fire brigade remain. It gets even quieter in the 
control room. Hardly any words are exchanged across the room. 
Rather, everyone is wearing headphones with radio communication. 
Separated only by a thin wall, in the control room next door, sits the 
team responsible for the steam generator system, which will develop 
the necessary vacuum conditions just before engine ignition. The 
telephone between test director Stefan Grunwald and ‘chronicler’ 
Manuel Müller is off the hook. During the hot phase of the test, no 
telephone ringing should disturb people’s concentration or the 
procedure.

System against damaging vibrations

Before the test run is initiated, the system that is used to induce a 
simulated vibration onto the oxygen column within the feed line is 
checked once more. In the worst case, such so-called Pogo oscilla-
tions could occur in the resonant frequency range of the rocket. “This 
could destroy the entire rocket,” says supervisor Hupertz. Even the 
great Saturn V rocket, which later flew the Apollo astronauts to the 
Moon, had engine failures due to these vibrations during an 
unmanned test flight. The Pogo Suppression Device (PSD), which 
should dampen the artificially induced vibrations in the engine above 
the LOX turbopump, could later ensure that the Ariane 6 will not 
have problems with this.

Delayed start-up

It is just minutes after 14:00. The 20-minute warning is heard from 
loudspeakers across the entire site. But it will not be 20 minutes – the 
hot run will not start for 25 minutes. The cooling criteria are only 
reached after a few additional minutes. On the following day, in the 
team session with the client, these deviations will be discussed in 
order to set different, optimised conditions for the next test, if neces-
sary. The cameras now only send images from an abandoned test 
stand to the screens. The only people in the immediate vicinity of the 
test stand, with the engine ready for ignition, are sitting in the 
protected control room. The exchange of questions and answers 
starts once again. “Pressure in the vacuum chamber?” “32 millibars” 
“Mass spectrometer, close valves for the hot run!” “Closed.”

The steam generators are started. On the screen, the test stand is 
cloaked in more and more clouds. A muffled rumbling sound can be 
heard from outside. Just a few seconds until the large vacuum control 
valve is opened – and the engine can ignite. The countdown clock 
over the screens jumps to zero, the engine is running in the vacuum 
chamber, and the camera image changes colour – from black to 
bright red. “No alarms so far.” The nozzle glows in the hot run for 10 
minutes. “OK, engine cut-off,” Grunwald calls. On the screen, the 
nozzle slowly darkens again.

Around 900 sensors are installed in the test stand and the Vinci development 
engine. Each test and data evaluation is one step closer in the development of the 
future engine of the Ariane 6 launch vehicle.

Upon engine ignition, the grey-black nozzle in the vacuum chamber will begin to turn a bright red-orange.

The test director’s station: The test is followed through computer screens and can 
be interrupted in the event of an emergency.
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EUROPEAN LAUNCH VEHICLE OF  
THE FUTURE 

The Ariane 6 development programme was approved at the ESA 
Council meeting at ministerial level in December 2014 and 
signed by 12 participating states. Studies conducted in the 
run-up to the conference had shown that, on the basis of 
previous experience with the existing Ariane 5 and the develop-
ment work on the Ariane 5ME, the prerequisites for implementing 
a viable launcher concept are fulfilled. By combining these 
existing building blocks and the development of further 
elements, it is possible to fully develop the Ariane 6 in just five 
years. 

The carrier configuration of the new Ariane 6 uses the fuel 
combination of liquid hydrogen and liquid oxygen in both the 
lower and upper stages. The new lower stage is based on the 
‘old’ lower stage of the Ariane 5, but has been improved tech-
nologically and has been cost-optimised. As a transitional step, a 
modification of the new upper stage already designed for the 
Ariane 5ME will be used with the re-ignitable Vinci engine. 
Depending on the configuration, the Ariane 6 can transport five 
or 11 tons of payload into Geostationary Transfer Orbit (GTO). It 
will be equipped with either two or four solid rocket boosters. 
The first launch of the 70-metre-long rocket is scheduled for 
2020. The French-German company Airbus Safran Launchers 
(ASL) was commissioned by ESA to develop the Ariane 6.

During the test, cameras transmit what is happening in and around the test stand. The control room is a protected area, which must not be left.

Test director Stefan Grunwald (back) and chronicler Manuel Müller are under tension. All the information is gathered in these two positions.
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Dealing with the unexpected

Just two minutes pass between the first and second ignitions. The 
atmosphere in the control room remains tense. “Now the second 
ignition ...” Grunwald’s voice is hesitant. If it takes place at all. 
The planned second ignition does not happen. All eyes turn to 
the measured values. No one can intervene now. Two minutes 
pass – the hissing of the steam generators from outside fades and 
the white cloud around the test stand slowly dissipates. Even 
though the second ignition has failed, the test continues with the 
planned free-flight phase and a re-cooling of the engine. It will 
take about one and a half hours before the next phase starts 
again at the consoles. Meanwhile, in the next room a discussion 
about why the planned ignition did not take place is going on. “It 
could be, for example, that the parameters for the test sequence 
could not be realised for technical reasons,” Grunwald says. “The 
analysis of the measured values will show this.”

At 16:35, the next 20-minute warning echoes from the loud-
speakers. Again, the test stand and engine will be cooled and the 
steam generators will generate a vacuum. Today’s test will end as 
soon as the Vinci engine is ready for a third ignition. Shortly 
before the steam generators are supposed to start, a message 
from the neighbouring control room comes through the head-
phones: “We have a problem with the tank pressurisation.” The 
options are clear: The steam generator team could leave the 
control room once again and fix the problem on site. But that 
would prolong the current coast phase. And it is not certain that 

the steam generators will run. The test director nods briefly and  
decides with the client: The free-flight phase will be simulated as 
planned – should the steam generator not run, this would not be 
decisive for the desired measurement data. Finally, the last warning 
– the one-minute warning – inundates the site. And the hissing of the 
steam generators starts again. “Well, it is working as planned after 
all,” murmurs Ralf Hupertz.

Measurement data for the future

Felix Löhr, who is responsible for running of the automatic sequences, 
looks at his screen. “LH2 is already cold.” In the chronology, Manuel 
Müller is almost on the last page, checking off items, one by one. 
“LOX has met two of three cooling criteria.” When the liquid oxygen 
has also reached the prescribed temperature, Stefan Grunwald looks 
up. “OK, then the test ends here.” The noise of the steam generators 
subsides. At 17:18, the main test run is complete. All that remains is 
the decommissioning of the individual test stand systems as well as 
the reconditioning of the engine, which will take another 1.5 hours.

Thousands of measurement values will be analysed and evaluated on 
the following day. ‘After the test’ is immediately ‘before the test’ 
because each result flows into the next test run. A new Vinci engine 
is expected to be installed in the test stand in December 2016 – one 
that will be very similar to the engine that the Ariane 6 will launch 
with in 2020. The changes that come from the tested development 
engine will be based mainly on one thing: today’s results from the 
DLR P4.1 test stand.
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