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ABSTRACT 

Mechanisms belong to critical components of Large 

Deployable Reflectors (LDR). This applies to the Large 

Deployable Reflector (LDR) itself as well as to 

deployable arms (ABDS) needed to place the reflector in 

appropriate distance to the spacecraft. Some LDR require 

a reasonable variety of bearings, types like roller bearings 

(axial and thrust) as well as linear bearings, even down to 

diameters of few millimetres. The most common way of 

their lubrication is by fluids. However, that limits the 

temperature range for deployment and for cruise, as the 

grease would evaporate at too high temperatures (which 

is detrimental before deployment). It would ease the 

thermal management and decrease the related costs by 

reduction of mass, wiring, if fluid lubrication could be 

replaced by solid lubrication. Hereby, bearings need to be 

operated in much wider temperature ranges from almost 

+160°C to even cryogenic temperatures. This also 

widens the upper temperature limits during cruise, and 

finally contamination by outgassing is omitted. 

 

This paper summarizes the findings from the activity 

“A3Lub2” aiming to introduce solid lubrication for a 

Large Deployable reflector (LDA). The technical 

objective was to develop and validate solid lubricated 

bearings for a Large Deployable Reflector (LDR) and for 

the Articulated Boom Structure Deployment mechanisms 

(ABDS). Besides that, the commercial production of a 

new solid lubricant polymer “TS8591” had to be 

validated on material level.  

 

First part was dedicated to implement a commercial 

production for the new material TS 8591 by ENSINGER. 

A requirements definition phase was run for the LDR and 

the ABDS defining a deep material testing campaign to 

evaluate all material properties. The validation was 

successful and a data sheet was established [1].  

 

As second large task, the LDA-design being foreseen for 

the ESA mission “CIMR” was chosen as benchmark to 

validate the performance of the TS 8591 as source of 

solid lubrication for bearings. Five types of bearings for 

the LDR with cages made of the TS8591 were procured 

by AAC. BG contributed ball bearings for the ABDS, 

AAC manufactured the cages of TS8951 and Cerobear 

assembled the bearings. Finally, a solid lubricated 

Harmonic Drive ® gear with cage of WGB out of 

TS8591 was procured by AAC. 

 

In order to run the testing of the ball bearings for the LDR 

as representative as possible, AAC developed a setup 

(“Dynax”) that enables to change the preload in-situ. This 

is needed to reflect the final tensioning of the LDR during 

end of deployment. Secondly, the setup enables to 

combine the axial pre-load with a radial pre-load.  

 

The results cover the performance of the ball bearings. 

Torques measured over this very wide temperature range 

will be presented together with post-analysis after strip-

down. As breadboard a hinge representing the ABDS was 

tested in TVAC. The findings may contribute towards 

reducing complexity (mass=costs) of LDRs.  

 

1. INTRODUCTION  

In space mechanisms, solid lubrication has certain 

advantages compared to liquid lubrication. Basically, the 

solid lubricant can be provided as a coating on the 

tribological surface or inside a composite material. For 

ball bearings, often a combination is used: to start 

immediately with good lubrication a coating is applied to 

the races (and balls). Secondly, in order to enhance life 

time, the cage is made of a composite containing similar 

lubricant. This lubricant is then transferred via the balls 

onto the races of the bearing, thereby enlarging the 

lifetime. In space mechanisms, such composites based on 

polymers are well known, as e.g Duroid 5813, PGM-HT, 

(based on PTFE), and also - based on polyimide  - like 

Vespel-SP3 and Tecasint TS2391 [01].  The above 

mentioned filled polymers, consist of fillers of two kinds: 

hard fillers like short fibres made of glass or minerals and 

solid lubricating particles (MoS2).  



Within ESA-projects a new PTFE-based solid lubricating 

material was developed [02]. Several compositions were 

designed by AAC and manufactured by ENSINGER 

(AT). They underwent complete material testing up to 

bearing tests in TVAC by AAC and ESTL. Cages were 

manufactured from the composites and full steel bearings 

(AISI440C type 7004) with blank races and balls were 

assembled. Ball bearing tests comprised 1000 revolutions 

in air followed by 20 million revolutions in high vacuum 

from RT to +80°C. The bearings were loaded axially with 

40N (850MPa on balls). Motion was unidirectional 

running (150-300 rpm). The torque was measured at 

certain times over few slow-speed (2rpm) reversals. With 

the final composition (later TS 8591), average torque of 

less than 4 mNm were found.  

 

2. DE-RISKING FOR LDR – PHASE1 “A3LUB” 

Following that promising performance in unidirectional 

running, also the application towards LDRs was seen 

beneficial: The main advantage of solid lubrication 

would be that deployment could be done at a wide 

temperature range without need of heating. The latter is 

needed for fluid lubrication, as deployment can be done 

herein only at limited temperatures (above -40°C). 

Secondly, mass and energy can be saved as all heating 

elements and wiring can be omitted. 

 

In cooperation with HPS, LSS and BG, a De-Risk project 

“A3Lub” was performed to validate applicability and 

benefits of solid lubrication by TS8591 to LDR [03]. As 

target the concept being intended for CIMR was selected. 

It contains of a Large Deployable Reflector (LDR), and 

an Articulated Boom Deployment Structure (ABDS).  

 

 
Figure 1: Image of an LDR (SCALABLE, image LSS), 

PantographBBs (red), ScissorBBs (blue) 

 

On the LDR, at each connection point of the structure 

bearings are located. Overall, 5 types of precision ball 

bearings (axial and radial) and one linear bearing are 

needed to deploy the structure. The outer diameters 

(ODs) of the precision bearings range from 7mm to 

17mm. The booms of the ABDS are deployed by a 

mechanism “ABDS”. This is based on a Harmonic Drive 

® gear and ball bearings (OD~55mm). (Preliminary 

design in Figure 2.) 

 

 
 

Figure 2: ABDS-BB “hinge” preliminary design Phase1 

(BG): deployment means “closing the hinge as indicated 

by the arrow. (Image BG.) 

 

3.  DE-RISKING FOR LDR - PHASE2 “A3LUB2” 

3.1 Objectives of Phase2 “A3Lub2”:  

 

Based on the promising outcome of phase1, the following 

objectives were identified for phase2: 

• Refinement of specification requirement document 

(RSD) for bearings of the LDR and the ABDS, as well 

as for the HD in the ABDS, based on latest 

specification for CIMR.  

• Upgrading of manufacturing process of TS8591 to 

commercial level. 

• Verification of material properties for commercial 

manufacturing process 

• Manufacturing of cages for bearings and the HD 

• Setup of test equipment “Dynax”, MGSE 

• BB-Testing: component (life) tests in TVAC, 

extended temperature range to +/-160°C 

• Life test of an BB/EM “hinge” representing the 

ABDS (fully solid lubricated HD and bearings). 

 

Phase 2 is now completed, verification and acceptance of 

the production process of TS8591 was already 

successfully closed in 2024. Manufacturing of BBs, the 

related test setups and also the BB-testing was completed 

by June 2025. Post test inspection on the hinge is in 

progress. 

 

3.2 Upgrade of manufacturing and qualification of 

TS8591 

 

ENSINGER headed for upgrading the production 

process from lab-devices to their commercial production 

facilities. Following that, material properties were 

verified by a new test campaign that offers now tensile 

properties from -269°C up to +160°C, CTE from -

150/+150°C, density, hardness. Microstructural 



investigation proved proper homogeneity and 

distribution of fillers. Samples were extracted at different 

positions of the as-produced plate and homogeneity was 

confirmed. Outgassing acc to ECSS-Q-70-02 was proven 

to be fulfilled (all values close to zero, even after storage 

in ambient without sealing). Also, friction and wear by 

PoD was similar to the lab-produced variants. Finally, 

mechanical and friction properties were measured after 

radiation doses of 1MRad and 10MRad (X-ray by Co60). 

 

 

3.2 Requirements refined 

 

The RSD were refined for LDR and ABDS (bearing and 

HD). Together with LSS and BG the mechanical pre-

loads for the bearings were identified, in case of the LDR 

this resulted in two values: a lower during deployment 

and a higher at stiffening. Temperatures were extended 

from +/-80°C to +/-160°C (operational). This caused a re-

configuration of the HD from a hybrid lubrication to a 

fully solid lubrication. Although, both concepts were 

taken from previous research [03],[04], the cage of the 

Wave Generator Bearing will now be machined from the 

new material TS 8591. Secondly, the size of the HD was 

reduced to size 17 raising the need for a new standard 

gear test box. (HDSE and AAC run gear standard test 

boxes for gear sizes 14/17/20 that can be operated by 

both, to validate HDs for performance under customer 

parameters in TVAC from -170°C up to +200°C.) 

 

3.3 Manufacturing of BBs 

 

After acceptance of the material verification, 

manufacturing of the bearings and the HD was started. 

The precision bearings for the LDR were procured 

completely. Only the raw material TS8591 was provided 

to the bearing manufacturer for machining of the cages. 

Races and balls were left blank.  

For the ABDS, the ball bearings were ordered by BG 

together with the fluid lubricated ones for the CIMR. The 

additional bearings for this project were left dry, without 

coatings on the races and balls. AAC provided the cages 

machined out of TS 8591 to the manufacturer who did 

the assembly.  

For both types of bearings, the configuration was 

uncoated stainless steel races and balls. Lubrication was 

foreseen only by the cages made of TS8591. 

The HD was manufactured by HDSE. AAC provided the 

raw material (TS 8591) for the WGB-cage. Solid 

lubricant coating was done by TECNALIA following 

fore going developments [04]. HDSE also developed a 

new test box for size 17 on own internal funding. Test 

box and HD are fully solid lubricated to meet operation 

over complete temperature range -/+160°C.  

Finally, BG manufactured the BB for the ABDS called 

“hinge”. It contains the solid lubricated ABDM-ball 

bearings with cages out of TS8591 and the solid 

lubricated HD. The stepper motor was provided by BG. 

 

 

3.4 Adaption of test devices to specifications of LDRs 

 

The refinement of the specification for LDRs (on 

example of the CIMR mission) raised the need for 

adapting the test equipment at AAC. During the 

deployment of the LDR the pre-loads on the bearings 

increase towards the end. The final levels have been 

judged as being critical. The recommended max. 

Hertzian contact pressure for solid lubrication (1200 

MPa, e.g. [05]) will definitely be exceeded. Therefore, 

AAC has developed a new housing that enables to 

increase axial pre-load for bearings in-situ, i.e. it can be 

increased (and decreased) during a TVAC test without 

opening the vacuum chamber. Secondly, the axial pre-

load can be combined with a radial-preload. Both pre-

loads are monitored. 

 

The new DynAx-housing offers testing of a pair of roller 

bearings up to OD42mm (e.g. type 7004), from -160°C 

up to +160°C, in wide range of speed (0,01 to 150rpm), 

at a torque resolution of 1mNm. Using two pair, the axial 

pre-loading can be combined with a radial pre-load. Also 

the manufacturing effort for testing of new size of 

bearings is reduced: using just one housing, only the shaft 

and few adaptor rings are needed anymore to host a new 

size of bearings. 

 

3.5 Life Testing of the bearings 

 

The overall test is described herein in words, as it will be 

similar for all types of bearings. No separate Run-IN was 

performed as torque data from bearings tests in Phase1 

showed no remarkable run-in. Therefore, it might 

simplify the assembly and integration of the LDR, if a 

run-in is found not to be necessary.  

The setup needs 4 bearings for combined axial and radial 

load, and only 2 bearings for axial load only. Based on 

Figure 14 in Annex, the sequence of a life test is 

discussed: still in ambient, low axial pre-load is applied 

(L1) to align the setup, followed by applying the low 

radial load (R1). The setup is inserted to the TVAC 

chamber and runs through all environments and 

temperatures as a first part. At each step/environment, 40 

deployments=cycles are simulated: first 34 cycles are run 

at low axial pre-load (L1). Hereof, the first and the last 

cycle are run at application speed (slow) the “interim” 

cycles are run at accelerated speed (accel). This is 

followed by 5 cycles at high axial load (L2, slow). 

Finally, the axial load is reduced to low level L1, and the 

40th cycles is run to check if bearing is still in good 

condition at this environment. Then this low axial load 

(L1) is held, and without motion the next heating or 

cooling is done. This sequence is then repeated at each 

environment and temperature: AirRT+VacRT+VacLT... 



At the end, always a VacRT-step is run to validate that 

the bearing to be still in good condition. 

 

Then the TVAC chamber is opened and the radial load is 

increased to level R2. This represents the very last phase 

of tensioning of the LDR. Therefore only 5 cycles at high 

axial and high radial load (“R2L2”) are run in slow speed 

at each environment (Figure 14 in Annex). During 

heating and cooling the combined high axial and radial 

load (R2L2) is kept. Note: the bearings are kept under full 

load for about 7 days, heating/cooling during night, 

running of 5 cycles during day.  

 

 

 
Figure 3: New DynAx-housing of testing of bearings, 

mounted to TVAC-interface of HADES. 

 

 
Figure 4: New DynAx-housing for testing of bearings 

under combined axial and radial preload, configuration 

“double-X”.  

 

As surveyed in the Table 1 in Annex, the first three 

bearing types (pantograph, scissor axial and radial) are 

supporting the structure of the LDR and are subjected 

only one motion from 0° to 80°. For those test the 

“revolutions” are identical to “cycles” (one revolution 

per deployment = cycle). The two pulley bearing types 

support the rope that deploys and tensions the LDR. They 

are subjected to much more revolutions: 1 deployment = 

1 cycle = 750revs. For them a second x-axis is shown.  

 

4. TEST RESULTS ON LDR BEARINGS 

LDR bearings parameter definition: 

The first result was the definition of parameters for the 

LDR bearings, as their pre-load (axial and radial) is 

increasing during deployment. The final approach, the 

parameters and the sequence of a complete life test are 

described above.  It shall be mentioned that this approach 

is in fact a 6 fold over testing, as one bearing runs through 

all 6 environments, but in case of success the reduced 

effort in manufacturing was seen worthwhile for a trial. 

 

LDR bearings incoming inspection: 

The precision bearings were subjected to an incoming 

inspection. The first main finding was that manufacturing 

process for the cages was successful also of the 

commercial TS 8591 (Note the dimensions, Figure 5), 

They could even be refined. Only the pockets of the 

scissor-axial bearing show some burrs (Figure 10), but 

the edges of all other bearings do not show burrs anymore  

(Figure 8, Figure 9).  

 

 
Figure 5: Cages made of TS8591. 

 

LDR bearing test results (1) – Scissor radial:  

As example for a bearing of the LDR-structure, the result 

of a scissor-radial bearing is described. (See Figure 14 in 

Annex for the plot of torque.) These bearings have during 

the complete deployment one rotary motion from zero to 

80°. For life-testing, a number of 40 deployments was 

derived. In order to reduce number of test items, it was 

agreed to subject one set of bearings to all environments: 

Ambient, VacRT, Vac-80, Vac-160,Vac+80,Vac+160 

and a final VacRT to verify if the bearing underwent 

degradation. See Figure 14 for the torque as function of 

cycles (cycles = revs). The environments are indicated. 

In each environment 34 cycles are run at low axial load 

concluded by 5 cycles at high axial load. The figure 

highlights the cycles done at the high axial load. Overall, 

constant low torque was found for low load (2N), even at 

high loads (20N) no significant increase in torque is seen. 
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At end of test, a second step at VacRT was run. It shows 

that the bearings were not degraded by the temperatures. 

The chamber was then opened and the radial load was 

increased from 12N to 120N and combined with the high 

axial load (20N). After re-evacuation, 5 cycles were run 

per environment as above. The measured torque of 5-10 

mNm was onylslightly higher than beefor. Hence, the 

overall mean torque is below 10mNm (for a set of four 

bearings). (See Figure 14 in ANNEX.) 

Besides the scissor-radial also the pantograph bearing 

was tested in combined axial and radial loading. The 

overall average torque at low radial load (12N) was in 

range of 20 mNm (for both axial loads of 2-20N). A 

higher level of 60 mNm was seen only at lowest 

temperature (-160°C). In the second part of test at high 

radial load (120N) and axial load (12N), the average 

torque of all environments was in range of 40-60 mNm 

(for four bearings). It is worthwhile, to mention that a 

malfunction in the axial loading procedure occurred 

during the TVAC-test, which caused an axial pre-load of 

4000N at end of the environment Vac+80. However, no 

degradation was noticed, as torque recovered afterwards. 

 

LDR bearing test results (2) –Scissor Axial: 

The scissor-axial bearing is a thrust bearing, which bears 

only axial loads. In the Dynax setup, the radial insertion 

adapter was removed and only 2 bearings are inserted 

(the most upper and most lower in Figure 4). The life test 

has only one part, with two levels for axial pre-load of 

279N and 2790N. Figure 6 shows the torque for the 

whole life test. the 40 cycles of each environment are 

completed with 5 cycle at high axial load. Those cycles 

at high axial load of 2790N are highlighted. The overall 

torque at low load is ~10mNm, for high axial load it 

increases to 120-140 mNm (for two bearings). Towards 

lower temperatures it increases to 160mNm. At the first 

cycle in ambient (represents ground testing), a higher 

peak value in the torque noise was found at high axial 

pre-load. This levelled out to typical noise level within 5 

cycles (revs) in ambient.  

 

LDR bearing test results (3) – Pulley large: 

To deploy the LDR, two bearing types are needed to 

guide the rope that deploys and tensions the LDR. As 

example for such, a “large pulley” bearing was tested. 

Figure 7 shows the torque as function of revs for large 

pulley bearings. In contrast to structural bearings (which 

do only 0-80° motion during the deployment), the pulley 

bearings are subjected to 750 unidirectional revolutions 

per deployment (=cycle). Therefore, the x-axis of the plot 

shows the number of cycles (deployments) and in 

addition the number of revolutions. 

The first part shows torque in all environments at low 

radial load of 29N, combined with axial loads of 17 N 

(low) and 170 N (high). The torque is constant showing 

two levels, about 5-10mNm for low axial load and range 

of 20-60 mNm for high axial load of 170N (for four 

bearings). There is recovery seen after each high axial 

load level. After increasing the radial load to 290N 

combined with high axial load (170N), the measured 

torque ranges from 20-40mNm with noise up to 80mNm 

(for 4 bearings). 

 

 

Figure 6: Torque of bearing “Scissor-axial”, high-lighted 

is high pre-load L2. 

 

 

Figure 7: Torque of bearing “Pulley Large”, High-

lighted is: R1L2 and low speed (25rpm) 

 

LDR bearing tests – post inspection: 

After the bearings tests in TVAC, the bearings were 

disassembled by cutting the outer races to extract the 

cages. The following optical images show the pockets 

(Figure 8 to Figure 10). After running, the inside of the 

pockets shows typical wear marks caused by the balls. 

No significant imprints or plastic deformations were 

observed, despite of the fact that the pre-loads were on 

the very limit of the bearings (strongly exceeding the 

recommended limit for solid lubrication).  

 

Figure 8: Cage of Scissor radial bearing, no significant 

wear or deformations inside pockets (→), no 

deformation, no burrs on edges(→). (For dimensions see 

right cage in Figure 5.) 



 

 

Figure 9: Cage of pulley-large bearing, typical wear in 

pockets (→), no deformation, no burrs on edges(→). 

 

 
Figure 10: Cage of scissor-axial bearing, low wear 

inside pockets without no plastic deformations (→), some 

burrs on the burrs on edges(→). 

 

5. TEST RESULTS ON ABDS BEARINGS 

Besides the LDR, also the ABDS includes two pairs of 

ball bearings. (See Figure 2 for a very first prototype.) 

Those bearings are angular contact bearings with cages 

of TS8591 machined by AAC. Both pairs were tested 

before insertion to the hinge under thermal vacuum under 

the parameters of the output and the input stage. Test 

consisted of 1000 cycles in ambient. Then thermal 

vacuum steps were applied. The temperature levels were 

similar to those of the LDR bearings with two levels 

added in order to provide data to known fluid lubricated 

versions (Vac-40 and Vac+40). On the input stage 

between motor and harmonic gear (ration 1:100), one 

deployment is related to one cycle: it covers 50 revs 

forward. For the life test, 50 revs reward were added in 

order to start each deployment (cycle) at the same 

location).  

The plot in Figure 11 shows the torque of the bearing 

(ABDS-input-stage) with focus on the thermal vacuum 

part. The final part of the first 1000 cycles in ambient is 

seen on the left, with an average running torque of 

~10mNm (for two bearings). After evacuation without 

operation, the running is continued at cycle 1033 at RT 

with similar torque. Cooling and heating is done without 

motion. Overall, the average torque stays below about 

20mNm down to -160°C and up to +160°C. After this test 

the bearings were sent to BG for assembly into the hinge 

(today strip down is still pending). 

 

Figure 11: Torque of bearing ABDM-BB (Input stage). 

 

6. TEST RESULTS ON ABDS-HINGE 

Final validation within the A3Lub2-project covered a 

thermal vacuum test of a fully solid lubricated 

breadboard called “hinge” representing the ABDS. The 

hinge was developed and manufactured by BG. It was 

assembled with fully solid lubricated ball bearings 

(“ABDM-BB”) with cages made of TS 8591. The 4 

bearings had before undergone the TVAC testing at 

AAC. A fully solid lubricated Harmonic Drive provided 

via AAC did not see any running-in before assembly. The 

stepper motor for actuation was provided by BG. After 

functional and environmental testing (vibration) at BG, 

the hinge and the related EGSE was shipped to AAC for 

TVAC testing.  

 

 
Figure 12: ABDS “Hinge” in TVAC at AAC (before 

closing thermal shrouds), the shown position (open) 

represents the stowed position of the ABDS. 

 

Due to the fact that herein no torque sensing could be 

implemented, and the stepper motor does not have a load 

dependent current consumption that could be calibrated 

to a torque, the selected test approach was an indirect one: 

Motor margin test: opening-closing-cycles were run 

with the motor current being reduced step-by-step from 

one cycle to the next. For each cycle the lost steps were 

determined. Starting above 400mA (right end of the plot 



Figure 13), the number of lost steps drastically increases 

at VacRT (green) below 240mA (green), i.e. the 

minimum motor current at VacRT is 240mA. This value 

increases towards the lowest temperature of -160°C to 

approx. 315mA. This is still much lower than the limit of 

the motor (600mA).  

After this characterisation, life test was simulated by 10 

full deployments at all vacuum temperature levels (RT/ 

-40/-80/-120°C). At end of these tests, a final motor 

margin test was done at VacRT (VacRT_EOT). It shows 

a value of 280mA, indicating recovery after the low 

temperature runnings.  

 

 

 

Figure 13: Torque of bearing ABDM-BB (Input stage). 

 

7. CONCLUSIONS  

Conclusion on the qualification of the TS 8591: 

The verification of the commercial production of the TS 

8591 was closed successfully. After acceptance by ESA 

the material data is already publicly available [06]. 

ENSINGER offers commercially the TS8591. Data is 

available for wide temperatures and including influence 

of radiation. 

 

Conclusion for LDR: 

• Manufacturing of cages for bearings from OD7mm to 

Larger cages used in HD and hinge bearings was 

successful, burrs could be strongly reduced, 

remaining ones on thrust bearing cages.  

• Five types of precision bearings did successfully 

survive 6-fold over testing in life. 40 deployments 

were run at each temperature level. 

• Switching of axial loads from low level (deployment) 

to the high level (tensioning) did not cause 

degradation of bearings. Hence, despite of the high 

pre-loads, bearings returned to low torque afterwards. 

• No separate running-in was applied. Torque during 

the first 50 deployments in air does not show high 

initial torque. This indicates that a separate running-

in may not be necessary. 

• Roughly spoken, the measured average torque levels 

during deployment are ranging up to some 20 mNm 

per bearing. This level is not signifantly degraded yb 

the high loads during tensioning of the LDR. 

• Life test of a hinge simulating the ABDS with fully 

solid lubricated bearings and harmonic gear was run 

successfully down to -120 °C over 40 deployments 

(cycles). 

 

The new material TS 8591 has the potential to 

simplify deployment mechanisms for LDRs, as solid 

lubrication offers low torque over wide temperatures 

from +160°C to -160°C even under repeated high pre-

loads representing the tensioning of an LDR. 
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ANNEX A – BEARINGS AND TEST PARAMETERS 

Table 1 shows the summarized test parameters for all bearings of the LDR and ABDS. The test parameters were 

derived from the RSD for LRD and ABDS [TN2] and [TN3]. The item “cycle” refers to the number of deployments. 

This number is given in brackets. The number of cycles for the life-time tests is derived by applying a multiplication 

factor as stated in the ECSS [AD-3], which is written in red. The speed and motion per cycle is derived again from 

the RSDs. For the LDR structure bearings the torque measurement is done at the speed 0,02 rpm, at first and last cycle, 

in between speed is increased to 0,1rpm. For the pulley bearings the torque was always measured at a speed of 25rpm 

once per 750revs. At low load L1, blind running was done at 125rpm to reduce testing duration.  

The axial and radial force on the bearings is changing during deployment. Due to lack of experimental data, when 

exactly the tensioning of the antenna is increasing the forces on the bearings, it was agreed to rate this as “90% plus 

10%”: during 90% of the deployment the “10% force” is acting, and during the last 10% of deployment the antenna 

is getting tensioned and therefor the high levels are to be applied. The radial force for the LinBB was recalculated as 

resultant from the directions Fy and Fz. (**). The axial force on the LinBB was re-assessed as not being applicable 

during deployment.  

 

Table 1: Test parameters for all bearings (LDR and ABDS)     

 

Bearing / Gear 

Lifetime in cycles 
Required for life test 

(acc.to RSD) 

Speed in rpm 
* in mm/s 

Accelerated 
(Original) 

Motion per 
cycle 

Load Force in N 
First 90 % / Last 10 % of 

deployment 

Ground Orbit  Ground Orbit Axial (L1 / L2) Radial (R1 / R2) 

 LDR-Pantograph 

40 (10) 10 (1) 
0.02 (0.0074) 
0,10 (blind) 

0-80 deg 
0-80-0 deg 

0-80 deg 
0-80-0 deg 

2 / 22 71 / 705 

 LDR-Scissor-Radial 2 / 20 12 / 120 

 LDR-Scissor-Axial 297 / 2970 - 

 LDR-Pulley Small 
40 (10) 10 (1) 125 (25) 750 rounds 750 rounds 

6 / 63 22 / 218 

 LDR-Pulley Large 17 / 170 29 / 290 

 LDR Linear Bearing 40 (10) 10 (1) 2 (0.67) * 1.2 m 1.2 m n.a. ** 31 /  132 ** 

 ABDM-BB (Out) 1000 (10) 50 (1) 0,1 (0.03) 180 deg 180 deg 160 160 

 ABDM-BB (In) 1000 (10) 50 ( 1) 10 (3) 50 rev 50 rev - - 

 

 

 

 

Figure 14: Torque of bearing “Scissor-radial”: High-lighted is R1L1 and low speed (0,02rpm).  
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ANNEX B – MATERIAL DATA FOR TS 8591 

The data as given below is derived from the commercially produced TS 8591 during the verification. Only mechanical 

data at cryogenic temperatures is taken from the previous tests, indicated in blue colour. The mechanical properties 

were derived for the linear section (column “TS8591”) and according to DIN EN 527 (column “EN527”) [06]. 

 

 
 

 

 

 

      

Property Units TS8591
                                            

+/-

TS8591 

(EN527)

Density g/cm3 2.55 0.01

Hardness ShoreD 68 2

Outgassing "accepted" (ECSS-Q-70-02) Y

UTS - HT (+160) MPa  4.97 0.18

UTS - HT (+80) MPa  7.61 0.05

UTS - RT MPa  12.71 0.38

UTS LT-80 MPa  33.13 0.82

UTS LT-196 MPa  62.41 2.75

UTS LT-Lhe MPa  50.84

Yield HT (+160°C) MPa  3.48 0.19 3.48

Yield HT (+80°C)  MPa  6.37 0.34 6.37

Yield RT MPa  10.81 0.43 5.68

Yield LT-80 MPa  27.98 0.80 27.98

Yield LT-196 MPa  53.36 2.85 56.58

Yield LT-Lhe MPa  50.74

E - HT  (+160°C) GPa  0.69 0.06 0.61

E - HT  (+80°C) GPa  1.47 0.13 1.32

E - RT GPa  3.50 0.30 2.62

E LT-80 GPa  5.79 0.28 5.79

E LT-196 GPa  13.56 1.22 11.48

E LT-Lhe GPa  

Break% HT (+160°C) [%] 28.81 10.06 28.81

Break% HT (+80°C) [%] 37.86 10.70 37.86

Break% RT [%] 81.02 18.47 81.02

Break LT-80 [%] 4.97 0.49 4.97

Break LT-196 [%] 0.89 0.08 0.89

Break LT-Lhe [%] 0.57

CTE +20 10-6 1/K

CTE +80 10-6 1/K

<CTE> 10-6 1/K 71

Frict.Coeff.µ [1] 0.14 - 0.22

Wear rate 10-6 mm³/Nm  1 -10

Bearing torque (7004) mNm  1 - 4

TS8591 

(1Mrad)

TS8591 

(10Mrad)

7.94 8.77

11.95 13.25

33.80 33.08

6.23 6.77

10.50 12.06

27.87 27.43

1.93 2.06

3.65 4.01

8.12 7.49

1.67 4.00

1.05 2.00

1.51 3.00

0.23-0.29 0.02 - 0.23

1 - 7  6 - 7


