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Ångstrom tm Passive Cryogenic Actuators
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ÅngstrÅngstrÅngstrÅngstrÅngstrom 1000-1 om 1000-1 om 1000-1 om 1000-1 om 1000-1 ActuaActuaActuaActuaActuatortortortortor
on a Seron a Seron a Seron a Seron a Series 5001 Fleies 5001 Fleies 5001 Fleies 5001 Fleies 5001 Flexurxurxurxurxure Stae Stae Stae Stae Stagggggeeeee

Range: 2.5 mm.
Resolution: .1 nm.

ÅngstrÅngstrÅngstrÅngstrÅngstrom om om om om TTTTThimbhimbhimbhimbhimbleleleleletmtmtmtmtm     ActuaActuaActuaActuaActuatortortortortor

Range: 100 µm.
Resolution: .1 nm.

HECTHECTHECTHECTHECTORORORORORtmtmtmtmtm Calibr Calibr Calibr Calibr Calibr aaaaation tion tion tion tion ArArArArAr tiftiftiftiftif actactactactact

Fixed Step Heights: 100, 10, 1, .1 nm.
User-set Step Heights: 1.0 µm., max

Ångstrom tm Actuators

(The model for NGST, Type 2)
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Wave Length: 500 nm.
Spectral Resolution: .00640 å
Free Spectral Range: .125 nm.
Tunability: 4 interference orders

Mounting
block

Etalon tuning
adjustment

Parallelism
adjustments

Figure 6.  The tunable etalon mounted on a Model 1000-1 actuator
for use in an experiment.

Clear Aperture

The Ångstromtm Tunable Etalon
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The Ångstrom tm Transducer

LoadingLoadingLoadingLoadingLoading
MechanismMechanismMechanismMechanismMechanism

ElasticElasticElasticElasticElastic
BodyBodyBodyBodyBody

FFFFFoundaoundaoundaoundaoundationtiontiontiontion

RepeatableRepeatableRepeatableRepeatableRepeatable
OutputOutputOutputOutputOutput
MotionMotionMotionMotionMotion

UUUUU. S. S. S. S. S. P. P. P. P. Paaaaatent No. 5,187,876tent No. 5,187,876tent No. 5,187,876tent No. 5,187,876tent No. 5,187,876
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MODEL 1000-1

Variation band width: 2.146 a, rms.
(1.073 a rms. single amplitude)
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AngstromAngstromAngstromAngstromAngstromtmtmtmtmtm transducers with a micrometer and resolver transducers with a micrometer and resolver transducers with a micrometer and resolver transducers with a micrometer and resolver transducers with a micrometer and resolver

1 millimeter

1 micrometer

1 Angstrom

(Nuclei2)

(Crystals/Atoms1)

(Optical Waves)

(Millimeter
Radio Waves)

Log of range in meters
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-2-2-2-2-2
-3-3-3-3-3
-4-4-4-4-4
-5-5-5-5-5
-6-6-6-6-6
-7-7-7-7-7
-8-8-8-8-8
-9-9-9-9-9
-10-10-10-10-10
-11-11-11-11-11
-12-12-12-12-12
-13-13-13-13-13
-14-14-14-14-14
-15-15-15-15-15
-16-16-16-16-16
-17-17-17-17-17
-18-18-18-18-18

Log of
repeatability

in meters

Precision Positioning

AngstromAngstromAngstromAngstromAngstromtm tm tm tm tm transducers with a micrometertransducers with a micrometertransducers with a micrometertransducers with a micrometertransducers with a micrometer

AngstromAngstromAngstromAngstromAngstromtm tm tm tm tm transducer with a micrometer and shaft encodertransducer with a micrometer and shaft encodertransducer with a micrometer and shaft encodertransducer with a micrometer and shaft encodertransducer with a micrometer and shaft encoder

Piezoelectric
(ca. 1880)

(unity)

(Electrons3)
AngstromAngstromAngstromAngstromAngstromtmtmtmtmtm transducer with closed-loop piezoelectric drives transducer with closed-loop piezoelectric drives transducer with closed-loop piezoelectric drives transducer with closed-loop piezoelectric drives transducer with closed-loop piezoelectric drives

Micrometer
with a resolver

(ca. 1950)

Lever and
leadscrew (micrometer)

(ca. 250 B.C.)

Piezoelectric, closed-loop4

(ca. 1960)

Alson E. Hatheway Inc., Pasadena, California, 91101, (818) 795-0514

Engineered Solutions  AEH.

1 Thomson, Sir J. J., 1897.
2 Gold (197.2), silver (107.9) and copper (63.5); Rutherford, Sir Ernest, 1910-11.
3 Assumes electrons and nuclei have the same density.
4 Representative of magnetostrictive and electrostrictive transducer systems as well.
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NGST Ångstrom Type 2 Actuator
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A twA twA twA twA two stao stao stao stao staggggge actuae actuae actuae actuae actuator:tor:tor:tor:tor:

Coarse Stage (15,499 steps):Coarse Stage (15,499 steps):Coarse Stage (15,499 steps):Coarse Stage (15,499 steps):Coarse Stage (15,499 steps):
Range:Range:Range:Range:Range: 10.0 mm.10.0 mm.10.0 mm.10.0 mm.10.0 mm.
Resolution:Resolution:Resolution:Resolution:Resolution: .66 .66 .66 .66 .66 µµµµµm.m.m.m.m.

Fine Stage (15,499 steps):Fine Stage (15,499 steps):Fine Stage (15,499 steps):Fine Stage (15,499 steps):Fine Stage (15,499 steps):
Range:Range:Range:Range:Range: 62.7 62.7 62.7 62.7 62.7 µµµµµm.m.m.m.m.
Resolution:Resolution:Resolution:Resolution:Resolution: 4.1 nm.4.1 nm.4.1 nm.4.1 nm.4.1 nm.
(Using Ångstr(Using Ångstr(Using Ångstr(Using Ångstr(Using Ångstrom trom trom trom trom transducer)ansducer)ansducer)ansducer)ansducer)

TTTTThe stahe stahe stahe stahe staggggges ares ares ares ares are mounted ine mounted ine mounted ine mounted ine mounted in
series to “sum” their motions.series to “sum” their motions.series to “sum” their motions.series to “sum” their motions.series to “sum” their motions.

This Ångstrom Actuator
has Two Independent Stages
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The Coarse Stage Is
a Stepper Motor/Lead Screw Mechanism

FFFFFrrrrr iction iction iction iction iction TTTTTorororororque:que:que:que:que: .030 Nm..030 Nm..030 Nm..030 Nm..030 Nm.
Axial Load:Axial Load:Axial Load:Axial Load:Axial Load: 20 N. max.20 N. max.20 N. max.20 N. max.20 N. max.
Lead Screw:Lead Screw:Lead Screw:Lead Screw:Lead Screw: .125-40NS.125-40NS.125-40NS.125-40NS.125-40NS
Stroke:Stroke:Stroke:Stroke:Stroke: 10 mm.10 mm.10 mm.10 mm.10 mm.
  (Equ. turns:  15.8)  (Equ. turns:  15.8)  (Equ. turns:  15.8)  (Equ. turns:  15.8)  (Equ. turns:  15.8)
SteSteSteSteSteps per ps per ps per ps per ps per TTTTTurururururn:n:n:n:n: 984984984984984
Resolution:Resolution:Resolution:Resolution:Resolution: .64 .64 .64 .64 .64 µµµµµm.m.m.m.m.
Threads Engaged:Threads Engaged:Threads Engaged:Threads Engaged:Threads Engaged: 6 min.6 min.6 min.6 min.6 min.
Contact Contact Contact Contact Contact ArArArArAr ea:ea:ea:ea:ea: 24.6 x 1024.6 x 1024.6 x 1024.6 x 1024.6 x 10-6-6-6-6-6 m m m m m22222.....

Contact Pressure:Contact Pressure:Contact Pressure:Contact Pressure:Contact Pressure: .814 MPa..814 MPa..814 MPa..814 MPa..814 MPa.
(119. psi.)(119. psi.)(119. psi.)(119. psi.)(119. psi.)
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The Fine Stage is a Stepper Motor/Lead Screw
Driving an Ångstrom Transducer

SteSteSteSteStepper Motor/Lead Scrpper Motor/Lead Scrpper Motor/Lead Scrpper Motor/Lead Scrpper Motor/Lead Screeeeew:w:w:w:w:
FFFFFrrrrr iction iction iction iction iction TTTTTorororororque:que:que:que:que: .30 Nm..30 Nm..30 Nm..30 Nm..30 Nm.
Axial Load:Axial Load:Axial Load:Axial Load:Axial Load: 90 N max.90 N max.90 N max.90 N max.90 N max.
Lead Screw:Lead Screw:Lead Screw:Lead Screw:Lead Screw: .250-40UNS.250-40UNS.250-40UNS.250-40UNS.250-40UNS
Stroke:Stroke:Stroke:Stroke:Stroke: 10 mm.10 mm.10 mm.10 mm.10 mm.
  (Equ. tur  (Equ. tur  (Equ. tur  (Equ. tur  (Equ. turns:ns:ns:ns:ns:  15.8)  15.8)  15.8)  15.8)  15.8)
SteSteSteSteSteps per ps per ps per ps per ps per TTTTTurururururn:n:n:n:n: 984984984984984
Resolution:Resolution:Resolution:Resolution:Resolution: .64 .64 .64 .64 .64 µµµµµm.m.m.m.m.
TTTTThrhrhrhrhreads Engeads Engeads Engeads Engeads Engaaaaaggggged:ed:ed:ed:ed: 6 min.6 min.6 min.6 min.6 min.
Contact Contact Contact Contact Contact ArArArArAr ea:ea:ea:ea:ea: 49.2 x 1049.2 x 1049.2 x 1049.2 x 1049.2 x 10-6-6-6-6-6 m m m m m22222

Contact Pressure:Contact Pressure:Contact Pressure:Contact Pressure:Contact Pressure: 2.03 MPa.2.03 MPa.2.03 MPa.2.03 MPa.2.03 MPa.
(297. psi.)(297. psi.)(297. psi.)(297. psi.)(297. psi.)

ÅngstrÅngstrÅngstrÅngstrÅngstrom om om om om TTTTTrrrrransducer:ansducer:ansducer:ansducer:ansducer:
Coil Spring StiffnessCoil Spring StiffnessCoil Spring StiffnessCoil Spring StiffnessCoil Spring Stiffness 8,900 N/m.8,900 N/m.8,900 N/m.8,900 N/m.8,900 N/m.
Cylinder StiffnessCylinder StiffnessCylinder StiffnessCylinder StiffnessCylinder Stiffness 1.42 x 101.42 x 101.42 x 101.42 x 101.42 x 1066666 N/m. N/m. N/m. N/m. N/m.
EfEfEfEfEffffffectiectiectiectiectivvvvveness Raeness Raeness Raeness Raeness Ratio:tio:tio:tio:tio: 1:6.27 x 101:6.27 x 101:6.27 x 101:6.27 x 101:6.27 x 10-3-3-3-3-3

Output StrokeOutput StrokeOutput StrokeOutput StrokeOutput Stroke 62.7 62.7 62.7 62.7 62.7 µµµµµm.m.m.m.m.
Output ResolutionOutput ResolutionOutput ResolutionOutput ResolutionOutput Resolution 4.1 nm.4.1 nm.4.1 nm.4.1 nm.4.1 nm.

(U(U(U(U(U. S. S. S. S. S. P. P. P. P. Paaaaatent No. 5,187,876)tent No. 5,187,876)tent No. 5,187,876)tent No. 5,187,876)tent No. 5,187,876)

FFFFFoundaoundaoundaoundaoundationtiontiontiontion

ElasticElasticElasticElasticElastic
BodyBodyBodyBodyBody

LoadingLoadingLoadingLoadingLoading
MechanismMechanismMechanismMechanismMechanism

RepeatableRepeatableRepeatableRepeatableRepeatable
OutputOutputOutputOutputOutput
MotionMotionMotionMotionMotion
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The Fine Stage Controls Axial Stiffness,
Lifecycles, Resolution, Creep (OM) and Axial

Force Set-and-Hold

For a load of 100 N., For a load of 100 N., For a load of 100 N., For a load of 100 N., For a load of 100 N., σσσσσ=~100 MPa. (14,600 psi.)=~100 MPa. (14,600 psi.)=~100 MPa. (14,600 psi.)=~100 MPa. (14,600 psi.)=~100 MPa. (14,600 psi.)

416416416416416 310310310310310

Cr(%)Cr(%)Cr(%)Cr(%)Cr(%) 12-1412-1412-1412-1412-14 24-2624-2624-2624-2624-26
Ni(%)Ni(%)Ni(%)Ni(%)Ni(%) ----- 19-2219-2219-2219-2219-22
SSSSSTUTUTUTUTU(ksi)(ksi)(ksi)(ksi)(ksi) 75.75.75.75.75. 95.95.95.95.95.
SSSSSTYTYTYTYTY(ksi)(ksi)(ksi)(ksi)(ksi) 40.40.40.40.40. 45.45.45.45.45.
SSSSSenenenenen(ksi)(ksi)(ksi)(ksi)(ksi) 40.40.40.40.40.

310 CRES exhibits 310 CRES exhibits 310 CRES exhibits 310 CRES exhibits 310 CRES exhibits no creepno creepno creepno creepno creep below 14,000 psi. at below 14,000 psi. at below 14,000 psi. at below 14,000 psi. at below 14,000 psi. at
room temperature.room temperature.room temperature.room temperature.room temperature.

Creep, OM (nm./day)-0.0Creep, OM (nm./day)-0.0Creep, OM (nm./day)-0.0Creep, OM (nm./day)-0.0Creep, OM (nm./day)-0.0

(((((Dimensional InstaDimensional InstaDimensional InstaDimensional InstaDimensional Instabilitybilitybilitybilitybility,,,,, Mar Mar Mar Mar Mar scscscscschall and Marhall and Marhall and Marhall and Marhall and Mar ingingingingingererererer,,,,,
Pergamon, 1977)Pergamon, 1977)Pergamon, 1977)Pergamon, 1977)Pergamon, 1977)

Load=1.0 Load=1.0 Load=1.0 Load=1.0 Load=1.0 µµµµµN.N.N.N.N.
Major Stress(Major Stress(Major Stress(Major Stress(Major Stress(σσσσσ)=~1.0 Pa.)=~1.0 Pa.)=~1.0 Pa.)=~1.0 Pa.)=~1.0 Pa.
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The Ångstrom Actuator meets
All NGST Requirements or Goals

Except Mass

NGSTNGSTNGSTNGSTNGST ÅngstrÅngstrÅngstrÅngstrÅngstromomomomom
PrPrPrPrProperoperoperoperopertytytytyty RequirRequirRequirRequirRequirementementementementement GoalGoalGoalGoalGoal PPPPPerferferferferfororororormancemancemancemancemance

Resolution (nanometer)Resolution (nanometer)Resolution (nanometer)Resolution (nanometer)Resolution (nanometer) ≤≤≤≤≤20.20.20.20.20. ≤≤≤≤≤10.10.10.10.10. 4.14.14.14.14.1
LifecyclesLifecyclesLifecyclesLifecyclesLifecycles ≥≥≥≥≥10,00010,00010,00010,00010,000 ≥≥≥≥≥1,000,0001,000,0001,000,0001,000,0001,000,000 2,940,0002,940,0002,940,0002,940,0002,940,000
StrStrStrStrStrokokokokoke (mm.)e (mm.)e (mm.)e (mm.)e (mm.) ≥≥≥≥≥6.6.6.6.6. ≥≥≥≥≥10.10.10.10.10. 10.10.10.10.10.
OperOperOperOperOperaaaaating ting ting ting ting TTTTTemperemperemperemperemperaaaaaturturturturtur e Range Range Range Range Range (°K)e (°K)e (°K)e (°K)e (°K) 20. to20. to20. to20. to20. to 20. to20. to20. to20. to20. to 20. to20. to20. to20. to20. to

60.60.60.60.60. 300.300.300.300.300. 300.300.300.300.300.
CM Heat Dissipation (milliwatts)CM Heat Dissipation (milliwatts)CM Heat Dissipation (milliwatts)CM Heat Dissipation (milliwatts)CM Heat Dissipation (milliwatts) ≤≤≤≤≤5.5.5.5.5. ≤≤≤≤≤0.50.50.50.50.5 4.24.24.24.24.2
OM Heat Dissipaton (milliwatts)OM Heat Dissipaton (milliwatts)OM Heat Dissipaton (milliwatts)OM Heat Dissipaton (milliwatts)OM Heat Dissipaton (milliwatts) ≤≤≤≤≤.05.05.05.05.05 ≤≤≤≤≤0.00.00.00.00.0 0.00.00.00.00.0
Mass (grams)Mass (grams)Mass (grams)Mass (grams)Mass (grams) ≤≤≤≤≤4040404040 ≤≤≤≤≤2020202020 180.180.180.180.180.
Outside DiameterOutside DiameterOutside DiameterOutside DiameterOutside Diameter,,,,, (cm.) (cm.) (cm.) (cm.) (cm.) ≤≤≤≤≤55555 ≤≤≤≤≤11111 5.5.5.5.5.
CrCrCrCrCreeeeeeeeeep,p,p,p,p, OM (nm./da OM (nm./da OM (nm./da OM (nm./da OM (nm./day)y)y)y)y) ≤≤≤≤≤0.10.10.10.10.1 ≤≤≤≤≤0.010.010.010.010.01 0.00.00.00.00.0
TTTTTherherherherhermal Stamal Stamal Stamal Stamal Stabilitybilitybilitybilitybility ,,,,, OM (nm./K°) OM (nm./K°) OM (nm./K°) OM (nm./K°) OM (nm./K°) ≤≤≤≤≤5050505050 ≤≤≤≤≤2020202020 0.0 to0.0 to0.0 to0.0 to0.0 to ±49.5 ±49.5 ±49.5 ±49.5 ±49.5
Axial Force, set & hold, OM (N.)Axial Force, set & hold, OM (N.)Axial Force, set & hold, OM (N.)Axial Force, set & hold, OM (N.)Axial Force, set & hold, OM (N.) ≥≥≥≥≥0.50.50.50.50.5 ≥≥≥≥≥11111 ±10.±10.±10.±10.±10.
PPPPPooooowwwwwer Consumption,er Consumption,er Consumption,er Consumption,er Consumption, CM (w CM (w CM (w CM (w CM (waaaaatt)tt)tt)tt)tt) ≤≤≤≤≤11111 ≤≤≤≤≤0.10.10.10.10.1 .014.014.014.014.014
PPPPPooooowwwwwer Consumption,er Consumption,er Consumption,er Consumption,er Consumption, OM (w OM (w OM (w OM (w OM (waaaaatt)tt)tt)tt)tt) 0.00.00.00.00.0
Axial Stiffness (N./micron)Axial Stiffness (N./micron)Axial Stiffness (N./micron)Axial Stiffness (N./micron)Axial Stiffness (N./micron) ≥≥≥≥≥11111 ≥≥≥≥≥11111 1.191.191.191.191.19
StoStoStoStoStowwwwwed ed ed ed ed Axial Length (cm.)Axial Length (cm.)Axial Length (cm.)Axial Length (cm.)Axial Length (cm.) ≤≤≤≤≤1010101010 ≤≤≤≤≤1010101010 10.10.10.10.10.
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The Ångstrom Actuator Permits
Compact, Low Weight, Low Power Electr onics

S/C InterfaceS/C InterfaceS/C InterfaceS/C InterfaceS/C Interface
(250 g)(250 g)(250 g)(250 g)(250 g)

StepperStepperStepperStepperStepper
 Contr Contr Contr Contr Controllerollerollerolleroller

(350 g)(350 g)(350 g)(350 g)(350 g)

ContrContrContrContrControllerollerollerolleroller
SwitchSwitchSwitchSwitchSwitch
(350 g)(350 g)(350 g)(350 g)(350 g)

Actuator #1Actuator #1Actuator #1Actuator #1Actuator #1

.....

.....

.....

.....

.....

.....

.....

.....

Actuator #24Actuator #24Actuator #24Actuator #24Actuator #24

ReserReserReserReserReservvvvve Stee Stee Stee Stee Stepperpperpperpperpper
 Contr Contr Contr Contr Controllerollerollerolleroller

(350 g)(350 g)(350 g)(350 g)(350 g)

ReserReserReserReserReservvvvveContreContreContreContreControllerollerollerolleroller
SwitchSwitchSwitchSwitchSwitch
(350 g)(350 g)(350 g)(350 g)(350 g)

ReserReserReserReserReservvvvve Stee Stee Stee Stee Stepperpperpperpperpper
 Contr Contr Contr Contr Controllerollerollerolleroller

(350 g)(350 g)(350 g)(350 g)(350 g)

ReserReserReserReserReservvvvveContreContreContreContreControllerollerollerolleroller
SwitchSwitchSwitchSwitchSwitch
(350 g)(350 g)(350 g)(350 g)(350 g)

TTTTThe Ångstrhe Ångstrhe Ångstrhe Ångstrhe Ångstrom actuaom actuaom actuaom actuaom actuator drtor drtor drtor drtor dr aaaaawswswswsws
no pono pono pono pono powwwwwer in Obserer in Obserer in Obserer in Obserer in Observvvvvaaaaation Modetion Modetion Modetion Modetion Mode.....
So if the aSo if the aSo if the aSo if the aSo if the avvvvverererereraaaaaggggge obsere obsere obsere obsere observvvvvaaaaationtiontiontiontion
time is thrtime is thrtime is thrtime is thrtime is three wee wee wee wee weeks and theeeks and theeeks and theeeks and theeeks and the
gggggenerenerenerenereneral poal poal poal poal powwwwwer coner coner coner coner convvvvvererererersion efsion efsion efsion efsion effffffi-i-i-i-i-
ciency is 30% it is possible tociency is 30% it is possible tociency is 30% it is possible tociency is 30% it is possible tociency is 30% it is possible to
comparcomparcomparcomparcompare total enere total enere total enere total enere total energggggy (joules)y (joules)y (joules)y (joules)y (joules)
consumed in an aconsumed in an aconsumed in an aconsumed in an aconsumed in an avvvvverererereraaaaaggggge obsere obsere obsere obsere obser-----
vvvvvaaaaation pertion pertion pertion pertion period:iod:iod:iod:iod:

CM time=7200 sec.CM time=7200 sec.CM time=7200 sec.CM time=7200 sec.CM time=7200 sec.
OM time=1,814,400 sec.OM time=1,814,400 sec.OM time=1,814,400 sec.OM time=1,814,400 sec.OM time=1,814,400 sec.

RequirRequirRequirRequirRequirementementementementement GoalGoalGoalGoalGoal ÅngstrÅngstrÅngstrÅngstrÅngstromomomomom
PPPPPooooowwwwwer Consumption,er Consumption,er Consumption,er Consumption,er Consumption, CM (w CM (w CM (w CM (w CM (waaaaatt)tt)tt)tt)tt) <1<1<1<1<1 <.1<.1<.1<.1<.1 .014.014.014.014.014
PPPPPooooowwwwwer Consumption,er Consumption,er Consumption,er Consumption,er Consumption, OM (w OM (w OM (w OM (w OM (waaaaatt)tt)tt)tt)tt) <.1<.1<.1<.1<.1 <.01<.01<.01<.01<.01 0.00.00.00.00.0
ObserObserObserObserObservvvvvaaaaation Ption Ption Ption Ption Perererereriod Piod Piod Piod Piod Pooooowwwwwer (wer (wer (wer (wer (waaaaatt)tt)tt)tt)tt) <.1<.1<.1<.1<.1 <.01<.01<.01<.01<.01 .0000555.0000555.0000555.0000555.0000555
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The Ångstrom Actuator Permits
Compact,  Low Weight, Low Power Electronics

S/C InterfaceS/C InterfaceS/C InterfaceS/C InterfaceS/C Interface
(250 g)(250 g)(250 g)(250 g)(250 g)

StepperStepperStepperStepperStepper
 Contr Contr Contr Contr Controllerollerollerolleroller

(350 g)(350 g)(350 g)(350 g)(350 g)

ContrContrContrContrControllerollerollerolleroller
SwitchSwitchSwitchSwitchSwitch
(350 g)(350 g)(350 g)(350 g)(350 g)

Actuator #1Actuator #1Actuator #1Actuator #1Actuator #1

.....

.....

.....

.....

.....

.....

.....

.....

Actuator #24Actuator #24Actuator #24Actuator #24Actuator #24

ReserReserReserReserReservvvvve Stee Stee Stee Stee Stepperpperpperpperpper
 Contr Contr Contr Contr Controllerollerollerolleroller

(350 g)(350 g)(350 g)(350 g)(350 g)

ReserReserReserReserReservvvvveContreContreContreContreControllerollerollerolleroller
SwitchSwitchSwitchSwitchSwitch
(350 g)(350 g)(350 g)(350 g)(350 g)

ReserReserReserReserReservvvvve Stee Stee Stee Stee Stepperpperpperpperpper
 Contr Contr Contr Contr Controllerollerollerolleroller

(350 g)(350 g)(350 g)(350 g)(350 g)

ReserReserReserReserReservvvvveContreContreContreContreControllerollerollerolleroller
SwitchSwitchSwitchSwitchSwitch
(350 g)(350 g)(350 g)(350 g)(350 g)

VVVVVererererery simple system designy simple system designy simple system designy simple system designy simple system design
PrPrPrPrPrecececececludes mludes mludes mludes mludes multiple actuaultiple actuaultiple actuaultiple actuaultiple actuator ftor ftor ftor ftor f ailurailurailurailurailur eseseseses

Mass of a doubMass of a doubMass of a doubMass of a doubMass of a double-rle-rle-rle-rle-redundantedundantedundantedundantedundant
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