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ABSTRACT 

On April 3
rd

 2014, ESA has launched the Sentinel-1A 

spacecraft with its SAR instrument payload. During the 

first 12 hours in space, the antenna was released and 

successfully deployed to its operational configuration. 

Almost 6 years before that date, the first conceptual 

considerations regarding integration, alignment and on-

ground deployment testing took place. Starting in these 

early phases of the project, the paper contains an 

overview of the concepts and trades which were 

performed to identify the most suitable off-loading 

MGSE for this heavy and fragile antenna. Following 

that, the challenges and lessons learned during the 

different developments of this test setup are discussed. 

This includes MGSE specific topics, such as the 

minimization of structural deformation under load or the 

optimization of the pulley arrangement as result of a 

coupled multibody analysis. On the other hand, load and 

deformation control strategies for the flight hardware, as 

well as safety related aspects are covered.  

 

INTRODUCTION 

The Sentinel-1 SAR Instrument features an active 

planar phased-array antenna with the size of 12.3m x 

1m which is folded together by 4 hinges to the launch 

configuration, as shown in Fig. 1. To support launch 

loads, the antenna is clamped to the spacecraft sidewall 

by 6 hold down and release mechanisms per wing (12 in 

total). Due to the mass of the antenna of ~700kg and its 

large dimensions, a sizing of the hinge mechanisms to 

support 1g is not reasonable.  

 
Figure 1: Sentinel-1 SAR antenna deployed and stowed 

 

For integration and alignment purposes, as well as for 

deployment verification, however, several on-ground 

deployments of single hinges and finally of the entire 

antenna had to be conducted. This made it essential to 

develop a gravity compensation system which allows 

precise offloading for in-orbit representative panel to 

panel alignment, while minimizing parasitic torques to 

the deployment actuators during testing. In addition to 

this, the loading capability of the ball bearings within 

the hinge mechanisms has to be considered and was 

identified as one of the major design drivers for the 

compensation MGSE. 

The individual panel frames on the other hand were 

designed sufficiently stiff to support the heavy antenna 

hardware during launch, which allows gravity 

compensation with only one suspension point in the 

centre of gravity of each panel. The deployment 

sequence and the path of each compensation point is 

shown in Fig. 2. 

 
Figure 2: Deployment sequence and panel CoG path 
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EARLY TRADES AND OFFLOADING 

CONCEPTS 

From the ASAR antenna on ENVISAT, it was known 

that a precise alignment of adjacent panels can only be 

performed on a rigid supporting structure (called strong-

back) with the antenna in horizontal configuration. To 

simulate the in-orbit condition with zero gravity, the 

inner panel is fixed to the strong-back, whereas the 

outer panel is only supported by ropes on its CoG. 

During hinge actuation, the supporting ropes need to be 

shifted and held above the panel CoG. From this 

requirement, the design of the so called counter balance 

gantry was derived, as shown in Fig. 3.    

 

 
Figure 3: Counter Balance Gantry (ENVISAT ASAR & 

S-1 SAR Instrument) 

 

With the stacked launch configuration of the ASAR 

antenna, deployment testing could be performed panel 

after panel on the counter balance gantry without 

changing the overall setup. For S-1 however, the 

situation is different since the antenna wings are stowed 

on the sidewalls of the spacecraft and not on the centre 

panel. Due to this, the deployment direction is the 

opposite for inner and outer hinges, which does not 

allow a horizontal end to end deployment using the 

counter balance gantry. With the path of the individual 

panel CoG’s, as shown in Fig. 2, deployment testing is 

only possible with vertical hinge axis and either an 

offloading from above or support from below. With this 

constraint, the following different concepts were traded: 

 

a) Air Bearing 

The first concept to be evaluated was the support by air 

bearings from below, as shown in Fig. 4. This principle 

has the advantage that the required MGSE is very small 

and cost effective. Furthermore, a precise co-alignment 

between MGSE and antenna is not required. A major 

drawback however is the need for a floor with a very 

tight flatness requirement. Within the frame of the 

ASAR project, initial try-outs with air bearing supports 

showed that the offloading is extremely sensitive 

against very small floor unevenness. It was found that 

this requirement was not achievable on standard 

cleanroom floors. In addition to this, the bottom support 

always has the risk that the antenna is tilted over in case 

of a blocked air bearing. The concept was discarded. 

 
Figure 4: Air bearing support 

 

b) Top Rope Rail 

The top rope concept solves the tilt over and floor 

accuracy issue. Due to the movable counterweight, 

possible antenna displacements do not enforce loads on 

the hinges. Some practical drawbacks however are the 

size of the MGSE and the fact that the rail can only be 

shifted in plane but not adjusted individually to each 

hinge line. Furthermore, the position of the 

counterweights above the flight hardware is safety 

critical and doubles the mass which has to be driven by 

the hinge mechanisms. 

 
Figure 5: Top rope rail 

 

c) Top Rope Crane 

With the top rope, positioned by crane structures above 

the panels, the counterweights can be located at a fixed 

position, e.g. on the tower. The antenna hinges do not 

need to move the counterweights and the flight 

hardware is not in danger of falling mass discs. Using 

adjustable bearings on each hinge axis of the crane 

system, the co-alignment of MGSE and antenna hinge 

lines can be performed very precisely, such that the 



 

compensation force vector remains perfectly vertical 

throughout the complete deployment. In addition to this, 

the suspension points can be adjusted separately to align 

each offloading vector with the panel CoG. Thanks to 

the counter weights, the compensation forces remain 

constant and do not change with e.g. crane deflection. 

The number of pulleys which guide the suspension 

cable from the panel attachment point to the counter 

weight, is a disadvantage of this concept due to friction 

and the associated compensation error. With the vertical 

hinge alignment, this effect is not as critical as for the 

counterbalance gantry, and was considered acceptable. 

 

 
Figure 6: Top rope crane 

 

Due to the safety advantages and the alignment 

capabilities, the top rope cantilever concept was finally 

selected.  

 

GRAVITY COMPENSATION DEVELOPMENT 

The gravity compensation MGSE, further called IDD 

(Instrument Deployment Device) was developed and 

built at APCO in Switzerland, with co-engineering by 

Airbus DS. From the development of a similar device 

for the ERS-1 SAR antenna, see [1], it was known that 

the elastic deformation of the MGSE under load has a 

significant impact on the parasitic torques induced on 

the antenna hinges. The critical case with the highest 

torque influence is shown in Fig. 7.  

 
Figure 7: IDD elastic deformation 

 

With the twist of the inner crane structure, the second 

axis becomes inclined, so that the outer compensation 

point runs downhill for the first 90 degrees of the 

deployment and drives the actuator of the outer hinge 

line. For the second half of the deployment however, the 

compensation point has to be pulled uphill by the 

antenna. It was shown by an Adams multibody analysis, 

that this effect would exceed the torque capability of the 

deployment mechanisms. In the first iteration, the inner 

crane structure was updated to a torsional stiff and three 

dimensional framework, shown in red in Fig. 8. After 

that, additional struts were implemented between tower 

and outer hinge axes to provide a higher stiffness for the 

outer deployments, shown in blue in Fig. 8.  

 
Figure 8: Final design of stiffness optimized IDD 

 

After achieving the required stiffness, the Adams model 

was supplemented by the compensation cable system, to 

identify the influence of the pulley friction to the 

compensation error. With this, it was found that the 

initial pulley arrangement, with the cable routed around 

the hinge line, would directly transform cable force into 

hinge torque due to the lever offset of the top pulley. 

This arrangement was changed into a configuration 

where the cable is routed through the hinge line, as 

shown in Fig. 9 on the right side.   

 
Figure 9: Initial and modified pulley arrangement 

 

 

IDD VERIFICATION 

The verification of the IDD was performed with dummy 

panels made from mass representative welded steel 

frames as shown in red in Fig. 10. In this configuration, 

the entire test sequence has been practiced without any 

risk for the flight hardware.  

 

 



 

 
Figure 10: IDD verification with dummy panels 

 

One of the major lessons learned during this phase, was 

that the accuracy of the mass and CoG measurement of 

the panels is limited and requires fine tuning after wing 

release. As a result of this, a limitation of the antenna 

deflection by mechanical end-stops in case of inaccurate 

mass balancing has been considered essential. These 

functions are achieved by an additional stiff aluminium 

structure below the antenna. In case of 

overcompensation, the deflection is limited by the end 

stop of the counterweights. On the other side, with an 

under-compensation of the antenna, the deflection is 

limited by the additional structure, as shown in Fig. 11. 

 

 
Figure 11: Mechanical end-stop and fine tuning 

reference 

For the interface between wing and support structure, 

four sphere-to-plane contacts were realized. This has the 

advantage that very small gaps in the range of <0.05mm 

can be detected visually. To achieve an accurate fine 

tuning of the compensation system, a defined gap of e.g. 

0.1mm will be pre-adjusted. After release of the wing, 

the panels will deflect due to the hinge elasticity and the 

compensation error is leading to either a larger gap or 

contact. The correct setup will be achieved by tuning the 

counter weight or the compensation point until the 

initial gap distance has been re-established.   

 

INSTRUMENT LEVEL DEPLOYMENT TESTING 

Due to programmatic reasons, the first deployment tests 

were performed for each wing separately. To maintain 

the symmetric loading situation, the mass of the missing 

wing was simulated with the above presented dummy 

panels. This resulted in a much more stable setup, 

minimizing the overall deformation during the 

deployment.  

Beside the initial fine tuning of the compensation 

system, as discussed in the previous section, 

displacements and stresses within the antenna have to be 

monitored throughout the entire deployment. This is not 

only to provide an abort criterion during the 

deployment, but also to assess the influence of the 

gravity compensation to potential aperture planarity 

errors. To do this, the following methods were applied: 

 

Strain Gauges on Hinge Brackets 

During early development of the hinge mechanisms and 

the IDD, the mismatch between antenna and 

compensation mass and the resulting vertical panel 

displacement, including axial loading of the hinge 

bearings was considered the most critical aspect of the 

deployment testing. To provide a direct indication of the 

stress situation within the hinges, a strain gauge on each 

hinge line was proposed. 

 

Levelling by Theodolite 

The levelling of the vertical displacements of two 

reference targets per panel was introduced with the first 

wing deployment to monitor the displacements, not only 

the strains. To do this, theodolites are positioned in front 

of the antenna, having a free view on all targets, as 

shown in Fig. 12. Although the first tests were only 

conducted with single wings, it is necessary to install a 

second theodolite and monitor the displacement of the 

other side (e.g. on the dummy panels), to detect rigid 

body deflections of the spacecraft.  

 

  
Figure 12: Levelling setup with theodolite, view from 

top 

 

Compensation Force Measurement 

An indirect method to determine the loading situation of 

the antenna hinges is given by the measurement of the 

compensation force at each panel suspension point. In 

case of a changing compensation mass at one or more 

suspension points, it can be assumed that another load 

path inside the antenna has been opened. Although this 



 

does not allow an accurate determination of inner 

stresses, these data can demonstrate the plausibility of 

the strain gauge or theodolite measurements. 

 

Plumb Lines through Hinges 

In addition to the above presented load control strategy, 

a quick check of the verticality of each bearing centre is 

performed by plumb lines.  

 

Applying all these methods during wing level 

deployment testing, it was found that the internal 

stresses, measured by the strain gauges did not correlate 

with the displacements, measured by theodolite and 

plumb lines. Since the strain levels did not seem 

plausible during the test, it was decided to change to a 

displacement based abort criterion, using the theodolite 

levelling method, which worked very well. The strain 

gauge behaviour however was investigated after the test 

by an FE analysis of the detailed hinge bracket model, 

coupled with the stiffness of the panel structures and the 

forces, imposed by different offloading errors. It was 

found that the strain gauge delivers reasonable results 

with an unconstrained hinge. Integrated in the antenna 

however, the IDD and the panels became part of the 

load path, leading to a hyper-static situation, where the 

real force distribution depends on stiffness. In this 

configuration, with cross-dependencies and a stiffness 

variation over the deployment angle, a direct evaluation 

of bearing stresses from the strain gauge readings is 

practically impossible.  

 

ALIGNMENT & PLANARITY VERIFICATION 

The planarity of the aperture is one of the major 

parameters for the performance of the SAR Instrument. 

The initial alignment of each panel to panel pair was 

performed on the strong back structure with gravity 

compensation by the counter balance gantry, as shown 

in Fig. 13. 

 

 
Figure 13: Panel to panel alignment 

 

With the hinge axes in horizontal configuration 

however, the aperture planarity is highly sensitive to 

offloading errors. This is not the case with the vertically 

aligned hinge axes during deployment testing. A final 

verification of the alignment on the IDD is therefore 

mandatory. The measurement was performed by 

theodolite as well as by high resolution 3d scanning. As 

described in [2], the 3d scanning could not be performed 

in one shot, but had to be merged from several local 

measurements. To do this, a secondary structure with 

reference targets had to be positioned before the 

antenna, as shown in Fig. 14. Since it was forbidden to 

touch the flight hardware with this secondary structure, 

small movements, presumably due to air conditioning or 

floor vibration occurred between antenna aperture and 

reference frames. With this, the uncertainty of the 

measurement was very high, and it was finally decided 

to rely only on the theodolite measurement.     

 

 
Figure 14: 3D scanner measurement with reference 

frames 

 

To identify the influence of a compensation point offset 

with reference to the panel CoG, the shape of the 

aperture was measured at different suspension positions. 

It was found that in-plane errors do not have a 

noticeable influence to the planarity. The out-of-plane 

errors however lead to significant distortions of the 

aperture. This effect could be reproduced by the antenna 

FE-model, as shown in Fig. 15.    

 
Figure 15: Calculated deflection due to out of plane 

gravity compensation  



 

 

SYSTEM LEVEL DEPLOYMENT TESTING 

The final functional verification of both, spacecraft and 

SAR instrument in flight configuration has been 

performed in the CATR chamber at Thales Alenia 

Space in Cannes. The test sequence included an end to 

end release and deployment test as well as SAR 

performance verification and final stowing of the 

antenna. Before powering the instrument however, it 

was necessary to move the electrically conductive IDD 

structure out of the aperture, as shown in Fig. 17.  

 

 
Figure 16: System level deployment test (source ESA) 

 

This critical operation required a complete load transfer 

from the IDD to tripod structures underneath the 

antenna. It was very important that during this 

operation, all load paths were monitored and rising 

forces and stresses are identified immediately. The 

major indicator was the sum of IDD compensation 

forces and bottom structure loading, which should 

remain constant. As soon as the sum of these forces 

decreases, a secondary load path, e.g. through the centre 

panel and in the spacecraft is supporting the antenna. 

This always leads to stresses in the hinge lines and 

could possibly provoke slipping between adjacent 

panels. To detect this, the strain gauges have to be 

monitored in addition. 

 

 
Figure 17: Antenna test configuration without IDD 

(source ESA) 

 

IN-ORBIT DEPLOYMENT 

After launch, the release of the two wings, followed by 

the deployment of the four hinge lines was performed 

without any anomaly. The “selfie” in Fig. 18 shows one 

deployed solar array (on the right) and one wing of the 

antenna (on the bottom, facing earth) after in-orbit 

deployment. 

 

 
Figure 18: Selfie after in-orbit deployment (source ESA) 

 

LESSONS LEARNED 

During the development of the deployment concept, as 

well as during the different test campaigns a lot of 

knowledge was gained. A summary of the major lessons 

learned is listed hereafter: 

 Pulley Arrangement: 

Compensation pulley arrangement must be 

designed to avoid induced torques to the hinge 

lines. Routing the compensation wire through the 

rotation axis rather than around is the preferred 

solution. 

 Limitation by Mechanical End Stop: 

To avoid stresses due to under- or 

overcompensation, mechanical end stops need to be 

adjusted very tightly during HRM release. Stiff and 

accurate end stops can be used as reference for fine 

tuning of the compensation system. 

 Load Control Strategy during Deployment: 

Monitoring of few strain gauges during the 

deployment does not provide a full picture of the 

stress situation of the hyper-static hinges. A 

displacement driven control strategy is much more 

safe and reliable. 

 Deployed Alignment Verification: 

Deployed alignment verification by 3d scanner 

delivers highly accurate and detailed surface 

information. For larger areas however, individual 

local measurements need to be merged, using 

reference markers. If these markers are located on a 

secondary reference structure, relative motion leads 

to high uncertainties. In this case a simple 

theodolite measurement is more accurate and 

reliable. 



 

 Load Path Monitoring: 

During load transfer from one MGSE to another, 

monitoring of all load paths is essential to detect 

and avoid local stresses.    

 

 

CONCLUSIONS 

Up to now four deployment tests were conducted with 

the presented offloading MGSE and the Sentinel-1 

A&B SAR Instruments. The Sentinel-1A spacecraft has 

already been deployed successfully in orbit. With this 

history it can be concluded that the test setup is suitable 

for this challenging verification.  
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