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1. Scope of this document 

This document describes the design of the main tether deployment mechanism [RD-
01]. This document is a deliverable item of the EU-FP7 funded Esail-Project. 
It includes a detailed description of the CAD main reel concept and a description of 
the assembled deployment mechanism. 
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2. Main Reel Deployment Mechanism Design 
The following chapter describes the detailed design of the main reel. The chapter 
includes the motor selection and the design description of the several parts. 

 

2.1.System Overview 

The system overview of the deployment system is shown in Figure 8. It shows the 
several parts and the connections between each other. 

 

Figure 1: System overview 

The blue boxes in Figure 8 are the components of the deployment mechanism. The 
colored lines are the different connections between the deployment mechanism and 
the other subsystems of the main spacecraft. The deployment mechanism consists 
of the tether reel, the motor, the launch lock, the length measurement system and 
the tether cutter. All parts excluding the reel are electrical connected to the EPS for 
power supply as well as to the OBDH of the main spacecraft. The motor receives 
control parameter for rotation speed from the OBDH. To control the unreeling 
speed as well as the tether length, the length measurement sub system received and 
transmits data to the OBDH. The launch lock is required to fix the reel unless the 
signal from the OBDH unlocks the reel for the tether deployment. In case of an 
failure of the motor the OBDH send a commend to cut the tether, therefore an 
electrical and data connection to the tether cutter is necessary.  
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2.2.Geared Motor 

The selection of the motor has two main drivers. The first is the required torque and 
the second is the low rotation speed. 

The required torque is calculated as required in MCS-331-03 with a tension load of 
0.05 N and a maximal diameter of 300 mm for the tether reel [RD-2]. 

The tether length on the reel is defined for the Heytether. The Heytether consist of 
one main wire on which three auxiliary wires are bonded [RD-4].The diameter for 
the calculation is 0.1 mm. This is the double of the main wire diameter. The 
multiplication by two is done because the worst case bonding position of two 
auxiliary wires is direct opposite on the main wire, this will increase the diameter to 
0.1 mm.  

With the difference of the external and internal radius and the thickness of the tether 
the layers on top of each other can be calculated with 

NL = (re – ri) / t. 

With this equation NL = 750. The reel has a width of 40 mm with an 1 mm distance 
between the next main wire it is possible to reel 50 layers side by side. 

 To calculate the whole tether length the following equation was used 

𝐿 = 2 ∗ π ∗ (𝑟1 + �(𝑟𝑛 + 𝑡))
NL

𝑛=2

 

with r1 = re +t. The outcome of this is L = 21.1 km tether length.  

To improve the reliability of the deployment mechanism the motor required torque 
calculated above was again calculated with the ECSS document [RD-3]. 

𝑇𝑚𝑖𝑛 = 2.0 𝑥(1.11𝐼𝑇 + 1.2𝑆 + 3𝐹𝑅 + 3𝐻𝑌 + 3𝐻𝐴 + 3𝐻𝐷) + 3𝑇𝐿. 

The different factors and their denotation are listed in Table 1.  

 

Table 1: Minimum uncertainty factors [RD-3] 
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In the case of the main tether deployment the inertia is calculated with reel mass md 
= 1.06 kg and a reel diameter rd = 0.3 m. With these values it is IT = 0.0477 kgm². 

The friction in this system is assumed to be Fr= 0.0301 N 

The also needed value for the tether bending force is calculated with the static beam 
equation. The calculated force Fb = 0.153 N. 

The required torque according to the ECSS simplified to 

𝑇𝑚𝑖𝑛 = 2.0 𝑥(1.11𝐼𝑇 + 3𝐹𝑟 + 3𝐹𝑏) + 3𝑇𝐿. 

Therefore the required Torque is 29.76 Ncm. 

To accomplish this required torque the brushless DC servomotor with an planetary 
gear from Faulhaber company was chosen. The motor with the denotation 1628 B 
has a torque of 2.6 mNm. With the gearbox 16/7 and a reduction of 256:1 the 
generated torque is 0.3 Nm. To drive the motor, a motion controller MCBL 3003 
S/C with a RS232/CAN interface is chosen. For all three components the data sheet 
are listed in chapter 3. 

For the implementation the gear and motor is realized in CAD, and shown in Figure 
2. 

 

Figure 2: Motor 1628 B combined with 16/7 gearbox 
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2.3. Design details of deployment mechanism 

2.3.1.  Modularity of the deployment mechanism 
The main reel deployment mechanism is designed to unreel the Heytether. 
Furthermore the deployment mechanism must be capable to cut the tether in case of 
a malfunction. This is necessary to avoid the mission failure if one deployment 
mechanism fails. That means if one deployer fails the remote unit on the end of the 
tether cannot be unreeled further and will lead to a not fully deployed sail. To avoid 
this, the tether must be cut. Although the cut tether will be unsuitable, the remote 
unit can be further deployed and the whole mission can be continued. 

The main idea behind that concept was to find a deployment solution which can be 
used for every space craft configuration independent from the number of tethers 
which was resulting in a modular built structure of the deployment mechanism. 

 

Figure 3: Spacecraft configuration with 50 main tethers 

 

Figure 3 shows a possible configuration of the main reel deployment mechanism in 
case of a spacecraft with 50 main tethers. The figure shows that the tether opening 
has a variable position on the left and right side. Due to the placement of the remote 
units, favorable as close as possible to each other, the side of the opening has to be 
changed to have a continuous remote unit distance. The dotted line shows the 
placement of the remote units on two stacks. 
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Therefore, with this main reel deployment mechanism design every possible 
spacecraft configuration is feasible. 

The support structure of the deployment mechanism has a shape which has 
similarity to a trapeze. This shape is caused by the main tether reel configuration in 
case of a full scale mission as well as the modularity. In this case the main 

spacecraft has an external diameter of 1.5 m and should have 10 tethers on the same 
level. And with this trapeze shape it will be possible to use the whole available 
volume as good as possible. On the front part of the structure the attachment points 
for the remote units are placed. These attachment points are only place holders, 
because the final design of the remote unit was not finished while this description 
was written. On the side of the support structure the electrical and data connection 
is placed, marked with an arrow. Through this connection point the motor supply 
power, the driving commands and the telemetry of the motor as well as the main 
tether power supply are conducted. 

Behind the front, the tether cutter is placed (blue in Figure 4). The tether cutter 
consists of three parts: the sliding blade (light blue), the spring (turquoise) and the 
base cylinder (dark blue) with the release mechanism. The sliding blade is made of 
a polyimide with a low friction factor like. The spring is used to create the force to 
cut the tether. The breaking force of the tether is about 15g. To cut the tether a force 

Figure 4: Deployment mechanism main reel 
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of 0.2 N is needed. The final design is still in an evaluation phase and will be 
finished soon. Therefore only the geometrical dimensions are fixed to make sure 
that the cutter will fit in the support structure (gray). The sliding blade is locked 
with a dynemar melting wire. In case of a malfunction, the wire will be melt and 
unlock the sliding blade which will be accelerate to the spring and cut the tether if 
the top it the wall of the support structure. 

 

Figure 5: Top view of the deployment mechanism 

The opening angel of the tether bay is 21° (shown in Figure 5). Due to the fact that 
the deployment mechanism is modular the palace of the attached remote unit is 
unknown. There are five possible attachment points which begin at the middle of 
the support structure to the outside. They are numbered in Figure 5 with the 
numbers from one to five. Due to the fact that every position could be needed which 
depends on how the remote units will be placed on the main space craft, the tether 
bay should cover every of the five attachment points. 

The tether reel has an diameter of 300 mm and a total height of 44 mm 

The reel is mounted to a rotation transmitter (light green in Figure 6). This part is 
only for the transmission of the rotation from the motor to the tether reel and 
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therefore it is mounted with a press fit to the motor axis and with screws to the reel. 
Additional on this part the slip ring is mounted. The slip ring (colored dark green) is 
electrical connected to the main tether, bonded on the slip ring, which comes 
through the small hole on the side (see arrow in Figure 6). To separate the electrical 
and mechanical connection the main tether will be fixed with two grub screws on 
the main reel. These are the small spots nearby the marked tether hole in Figure 6. 

 

 

 

Figure 6: Reel configuration, on top the position of the tether hole is marked with an arrow, in 
the middle the reel (gray) and the motor holder (turquoise) are Transparent to show the 

position of the motor, below the ... is shown without the reel 
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The pair of the slip ring is the contactor, mounted on the motor holder (turquoise in 
Figure 6), to realize the electrical contact between the high voltage source of the 
space craft and the main tether. The slip ring is manufactured by the “RieTech” 
company. 

To separate the mechanical loads from the motor axis the reel is placed on two 
angular thin section bearings (colored brown in Figure 7). 

 

 

 

 

Figure 7:Section view of the reel axis: on top the whole deployment mechanism with cutter 
and cut out; below cut out: ball bearings (light brown), motor holder (turquoise), motor with 

gear box (blue), Slip ring and slip ring contactor (dark green), torque transmitter (light green), 
screws (dark gray), reel (gray), support structure (gray) 
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3. Appendix 
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