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ABSTRACT

A Study on Deploy/Stow-type Calibration Mechanism with

Dual-function of Launch Locking and Fail-Safe

Lee Myeong-Jae
Advisor : Prof. Oh Hyun-Ung, Ph. D.
Department of Aerospace Engineering

Graduate School of Chosun University

Tilting calibration mechanism has been widely used for on—-board
calibration of a spaceborne imaging sensor. The main objective of the
mechanism is to reflect a radiance temperature from the reference black
body to the image sensor to correct a non—uniformity output characteristics
of the sensor. For this, the calibration mechanism is periodically deployed
to view the black-body during calibration, and stowed after calibration to
avoid field of view interference with the main optical path. However, when
the calibration mechanism is unintentionally stopped at a certain position
on the main optical path due to motor failure or other problems, it is not
possible to perform the main mission of imaging acquisition any more.
Therefore, it is required to implement fail-safe function on the mechanism
under the emergency state such that the stopped mechanism is
intentionally removed from the main optical path by actuating the
separation device such as pinpuller or frangibolt-type actuators. In
addition, structural safety of mechanical driving part of the mechanism
under harsh launch environment can be guaranteed by applying launch lock
device. The usage of multi-separation devices for implementing fail-safe
function and mechanical constraint on the driving part of the mechanism

mightincrease the system complexity and development costs of the

_Vi_
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calibration mechanism.

To overcome aforementioned drawbacks, we newly proposed a new
application of shape memory alloy (SMA) spring actuator to calibration
mechanism that provides dual-function of implementing mechanical
constraints on driving part of the mechanism and fail-safe function under
launch and emergency states, respectively, instead of using conventional
separation devices. This is great feature of the mechanism design
proposed in this study. In this paper, the operation concept of mechanism,
design, and functional test results of the mechanism have been introduced.
The functional test results demonstrate that the design approach proposed
in this study is feasible for realizing the design goal of the on-board
calibration mechanism. In addition, the structural safety and operational
functionality of the mechanism under launch environments have been
successfully demonstrated through a vibration test.

Key Word : On-board Calibration Mechanism, Fail-Safe, Launch Locking,
Shape Memory Alloy

- Vi -
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Fig. 1 Tilt Mirror Mechanism [6]
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Fig. 6 SMA Hysteresis by Temperature [12]
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Fig. 7 Configuration of the SMA Spring [15]
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Coil Spring

Fig. 8 Operation Principle of the SMA Spring Actuator [9]
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Table 1 Specification of the SMA Spring [15]

Spring Type Compression
Wire Diameter 1.5 mm
Spring Diameter 10.3 mm
Free Length 26 mm
Typical Force 10-15 N
Typical Stroke 8-12 mm
Activation Temperature 95-100 °C
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Table 2 Torque Budget of the Calibration Mechanism

Torque Quantities | Torque Values (Nm) Remarks
Limit Switch
Ty/s 0.0253
(SSSW/DSSW : 2EA, FSSW : 1EA)

Tepg 0.7 Constant Force Spring : 1EA
E)earmg 0.042 Ball Bearing : 3EA
T friction 0.4 Rotational Friction Torque

T otor 2.05 Required Torque on the Motor

_22_
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Fig. 11 Configuration of Applied Stepping Motor [19]

Table 3 Specification of the Stepping Motor [19]

Maximum
Allowable/Holding Torque

4 Nm

Basic Step Degree

Rotor Inertia 280*10"7 kg*m”"2
Rated Current 1.4 A/Phase
0.1° / 0.05°

(Full step/Half step)

Allowable Velocity [rpm] 0-250
Bach-Lash (min) +20(0.33°)
Mass 1.3 kg

_23_
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Fig. 12 Configuration of the Constant Force Spring

Table 4 Specification of the Constant Force Spring

Type CFS
Load (kgf) 1.0
Material SUS301EH
Maximum Stroke 1,000
Spring Plate Thickness (mm) 0.2

_24_
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Table 5 Applied Condition of the Bearing Load

Assembly Mass

Driving Structure Module

1.5 kg

Design Load

40 g

Table 6 Specification of the Applied Bearing

Static Load Capacity

Required Load

Angular Contact Covia = 1582 N
Bearing Chogiat = 2740 N
Radial Bearing C i = 2390 N

> 1176 N

Collection @ chosun
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(@ (b)
Fig. 13 Configuration of Applied Bearing
[(a) Angular Contact Bearing, (b) Radial Bearing]

Table 7 Specification of the Applied Bearing

Name Angular Contact Ball Bearing Radial Ball Bearing
Internal Diameter (mm) 10 10
External Diameter (mm) 30 30
Width (mm) 9 9
Radius (mm) 0.6 0.6
Basic Dynamic Load
. 5,450 5,100
Rating (N)
Basic Static Load
. 2,740 2,390
Rating (N)
Mass (kg) 0.03 0.032
— 26 —
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Fig. 14 Configuration of Status Switch

Table 8 Specification of the Status Switch

Name

HONEYWELL S&C - 111SM2

Weight

2.9¢g

Micro-switch Actuator

Roller Lever

Operating Force Max 1.95N
Contact Voltage AC Nom 250V
Contact Voltage DC Nom 30V

Contact Current Max SA

Collection @ chosun
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DSSW Constant Force Spring

(c)
Fig. 15 Engineering Model of the Calibration Mechanism
[(a) Front View, (b) Side View, (c¢) Rear View]
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Z=4chsiul

CHOSUN UNIVERSITY

Table 9 Specification of the Calibration Mechanism

497 kg

308.5mm * 225mm * 152mm

Al - 6061

Anodizing

Stepping Motor

25 W

33V
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Position of
Locking Pins

Fig. 17 Stow Mode of the Calibration Mechanism

[(a) Front View, (b) Side View]
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CHOSUM UNIVERSITY

Fig. 18 Deploy Mode of the Calibration Mechanism

[(a) Front View, (b) Side View]
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CHOSUM UNIVERSITY

Fig. 19 Fail-safe Mode of the Calibration Mechanism

[(a) Front View, (b) Side View]
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Table 10 Fail-Safe Function

Test Results Summary

Collection @ chosun

Test No. Release Time FSSW Stow Angle ?111\311; E’I())i;;%
(sec) (Degree) (Watt)
1 150 on 314
2 130 on 31.35 25
3 190 on 313
43 -
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CHOSUN UNIVERSITY

« Liftoff

main engine and
J'_J ksolid rocket motor ignition

Fig. 23 Launch Vehicle Flight Scenario [22]
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Fig. 24 Ranges of Mechanical Vibration and Design Environments [22]
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Fig. 25 Launch Environment Verification Test Procedure
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Fig. 26 Configuration of the Shaker [26]
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Table 11 Specification of Shaker [26]

Item Specification
Name Model 1216VH Electronics Shaker
- 12,000 lbs. (53.4kN) peak sine
Force Rating - 12,000 Ibs. (53.4kN) RMS random

- 24,000 lbs. (106.8kN) Shock

Maximum Acceleration

100g sine vector

Displacement

- 1.5 in.p-p(38.1mm) continuous
- 2.0 in.p-p(50.89mm) shock

- 2.2 in.p-p(55.9mm) between mechanical limits

Maximum Velocity

70 IPS (1.78m/s)
bare table as limited by Amplifier voltage

Frequency Range

5~3000 Hz

Fundamental

Axial Resonance

2260 Hz (nominal)

Armature Weight

120 lbs. (54.4kg)

Armature Suspension

Half-loop metallic flexures

Axial Stiffness

440 1Ibs. per inch (77kN/m)

Vertical Load Support

1500 lbs. (680kg) standard

Armature Diameter

17.25 in. (438mm) with 16” bolt pattern

Cooling

Air-cooled by suction-type 20Hp blower;

blower to shaker flexible air duct

Collection @ chosun
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Fig. 27 Configuration of the Shock Testing Machine [27]
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CHOSUN UNIVERSITY

Table 12 Specification of Shock Testing Machine [27]

{/Collection @ chosun

Max. 10

1.7

88

7.5

Steel (SS400)

Steel (SS400)
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Y X
1 I/F Plate The shaker control
2 Side of Bearing Bracket Calibration Mechanism Response
3 Top of Motor Bracket Motor Structure Response

{“/Collection @ chosun

Fig. 28 Configuration of the Vibration Test Set-up
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Table 13 Shock Test Specification
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Description Frequency (Hz) Acceleration (g)
100 20
Calibration Mechanism 1500 1000
10000 1000
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Fig. 29 Shock Test Set-up
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Fig. 31 Typical Mass Acceleration Curve [30]
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Table 14 Sine-Burst Test Specification

Amplitude (g) Sweep

40 Ramp up/down: 7 cycle
Full level: 6 cycle
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Fig. 32 Sine-Burst Test Results ((a) z-axis, (b) x-axis, (c) y-axis)
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Table 15 Random Vibration Test Specification

Frequency (Hz) PSD (¢°/Hz) Overall Grms Duration
20 0.005
50 0.150
12.44 1 min
800 0.150
2000 0.005
—_ 66 —_
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Fig. 34 Frequency Responses of the Calibration Mechanism under z-axis

[(a) Motor Structure Top, (b) Bearing Bracket Side]
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Fig. 35 Frequency Responses of the Calibration Mechanism under x-axis
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Fig. 36 Frequency Responses of the Calibration Mechanism under y-axis
[(a) Motor Structure Top, (b) Bearing Bracket Side]
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Table 16 Vibration Test Results Summary

Collection @ chosun

Natural Frequency (Hz) Difference
Axis Position o
Before After (%6
Motor Structure Top 1655.9 1680.9 1.45
Z
Bearing Bracket Side 1522.6 1518.0 0.30
Motor Structure Top 388.2 368.9 5.23
X
Bearing Bracket Side 1316.7 1320.6 0.29
Motor Structure Top 256.7 248.4 3.34
Y
Bearing Bracket Side 161.8 123.5 31.01
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Fig. 37 Calibration Mechanism Function Test
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(b)

Fig. 39 Calibration Mechanism Fail-Safe Function Test

[(a) Before Fail-Safe, (b) After Fail-Safe]
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Table 17 Fail-Safe Function Test Results in Vibration Test

Collection @ chosun

Release Time . Stow Angle |SMA Spring Input
Test Status Switch
(sec) (Degree) Power
Before Vib. Test 134 on 32.45
25 W
After Vib. Test 200 on 32.75
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