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From the Editor

Dear Member,

In the year 2011, sixteen mechanism developed ®&\sffacecraft
Mechanisms Group, ISAC were deployed in space ffoa

different spacecrafts. The two solar array mecmasigach on
RESOURCESAT-2, YOUTHSAT, GSAT-8, GSAT-12 ali
MEGHATROPIQUES spacecrafts, hold down release masha
each on RESOURCESAT-2 and MEGHATROPIQUES, t
antenna mechanisms of GSAT-8, one antenna mechaais
GSAT-12 and two ROSA antenna mechanisms

MEGHATROPIQUES. The editorial committee congratefathe
past and present members of Spacecraft MechanisraapQ
ISAC for their commendable achievements.

This issue brings out an extended abstract of ttidleapresented
by the INSARM member on “Macro for automated sintiola of

spacecraft appendage deployment” presented abtiference on
Computer Technology for Space-CTS 201, for thermédion of
members.

I am happy to inform that the INSARM member Sri.DC|
Sridhara, Group Director, Spacecraft Mechanismsu@réSRO
Satellite Centre is the recipient of National dasigward in
Mechanical engineering — 2011 from the InstitutafrEngineers
(India) National Design and Research Forum fordusstanding
contribution in the field of mechanical engineeridgsign. The
editorial committee congratulates for his outstagdichievement,

This news letter is intended to be a platform fe &xchange of
information regarding the current developments, neeas and
novel concepts in the area of mechanisms and defigie through
active participation of members. | request all INGA members
to contribute actively technical articles relatedniechanisms td
enhance the technical value of the e-news letter.

With best regards,

Dr. B.P. Nagaraj
Chief Editor
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Quote:

Sharing knowledge is not about
giving people something,
or getting something from them.
That is only valid for information
sharing. Sharing knowledge
occurs when people are genuinely
interested in helping one another
develop new capacities for action;
it is about creating learning
processes.

By Peter M. Senge
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EXTENDED ABSTRACT OF CTS 2011 PAPER

MACRO FOR AUTOMATED SIMULATION OF SPACECRAFT
APPENDAGE DEPLOYMENT

G.Srividhyd, B.Lakshmi NarayarfaH.N.Suresha KumarG.Nagesf & C.D.Sridhar&™
*Engineer™Division Head "*Group Director

Spacecraft Mechanisms Group

ISRO Satellite Centre, Bangalore-560017
E-mail: gvidhya@isac.gov.in

Spacecraft appendages are nominally stowed duaingch and deployed in the orbit. Figure-
1 shows the configuration of various appendagesdidar array, reflector in fully deployed
modes. The energy for the deployment is providethkypreloaded torsion springs mounted
at the hinges. In case of solar array, the deployrtekes place in an accordion fashion, so
that the different hinges latch up simultaneoudlis minimizes the inter panel latch up
moment because the momentum gets countered betihveesunccessive joints, due to change
in the direction of rotation between successivatgiClose Control Loops provide direction
control and help in converting a multiple degredreédom system into a near single degree
of freedom system. An eddy current damper limits ttelocity of deploying panels to
minimize the latch-up shock. The latch-up veloafypanels is an input for the estimation of
shock loads at inter-panel hinges.

Mathematical models are developed to study the ogeptnt dynamics of spacecraft
appendages. Since the solar array configurationessaconsiderably among different
spacecraft missions, it is customary to developviddal mathematical models for each of
the different solar array. Such an activity is tiomsuming and is also prone for modelling
errors.

IRS Chandrayaan-1 INSAT GSAT

CARTOSAT

Figure-1: Various configurations of spacecrafts

Hence a general purpose macro has been developddANS software which is capable of
generating the requisite mathematical model autcalbt. In case of solar array, the number
and size of panels, the inter panel separatioamtist, torsion spring characteristics, damping
rate, snubbers/ejectors, resisting torque duadtidin, air drag, harness, the requisite angle of
opening of yoke and panels etc are the salienttipptameters for the macro. For reflector
mechanism, the input parameters are the size ofeffrector disc, mass and torsion spring
characteristics. With the knowledge of these pataragthe macro is capable of developing
the necessary mathematical model for any appenddgemacro provides the results of the
analysis in terms deployment time, graphs and théeminformation as an output file.

A macro is a single command that is created to wgeea series of Adams/View commands.
The macro is designed to create the various elemehtan appendage deployment like
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geometry of the appendage, revolute joint hingeplayment Springs, close control loops
(CCLs), damper, snubbers and ejectors and harrmssiet The deployment of any

appendage like solar array, reflector/antenna @asitnulated using the macro. The current
article presents details of the general purposeranaan add-on to ADAMS package,

developed to simulate the solar array deploymeara fgiven configuration.

The tasks that can be performed with the macro armate repetitive procedures, build
general-purpose extensions to Adams/View, automiticreate an entire model and quickly
build many variations of a mechanism.

Detailed and complete mathematical model can bergérd as said above. Post processing
and the model information document are generatdleaend of simulation automatically.
The deployment simulation of GSAT-8 yoke and thpa@els are discussed in the present
paper. The advantages of automating the modelliedhee solution can be obtained quickly,
modelling errors can be reduced as individual ditallymodels for appendages need not be
developed and user friendly nature. In additiadkployment of the following appendages
is simulated using the macro.

* GSAT-5P Reflector and Solar array (Yoke with 2 gghe

* GSAT-8 Reflector

» CARTOSAT Solar array (Two panels without yoke)

* IRNSS solar array (Yoke with single Panel)

* Chandrayaan (Yoke with single Panel and cantedoglepent)

Sensors are modelled to sense the latch up. Semsar built-in-statement available in
ADAMS to monitor a particular parameter of the mlodence the parameter attains a
particular value, simulation can be stopped. Thgukr opening of yoke and panels are
monitored with respect to time. Simulation is stegpponce the yoke angle reaches 90 deg or
inter-panel angle reaches 180 deg

Model Information: The information about the model such as the sizbepanel, inter panel
gap, mass details and spring characteristics ateemwto a file using the macro. This helps to
verify the generated model for its geometry andeottietails.Figure-9 shows the model
information file generated by the macro for a tghilRS type of satellite.

Post Processing: Separate Macro has been developed for post prageasid getting the
model information. The following plots of the depfient analysis are generated
automatically.

« Angle Vs Time

« Angular velocity Vs Time

+ Harness torque Vs Angle

- Potential energy released by springs and kinegecggnattained by the panels

a. Case Sudy: Solar array containing yoke and three panels has lmeeated using the
macro. The physical parameters of deployment sgyimgpse control loops, harness
characteristics, ejectors and snubbers are coesid@rresponding to the given hardware.
Analysis is carried out as explained in case studfResults of the analysis have been
presented in the Figure-2 & Figure-3. First latchioccurs at 7.0 secs which closely
matches with the experimental data and also wihlte from earlier analysis.
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Figure-2: Angle of opening of Yoke and Panels wtirtine
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Figure-3: Variation of angular velocity with time

In this paper the details of a general purpose Wlafor the mathematical modelling and
analysis of solar array deployment were presentked.advantages of the macros are

v" Modelling of yoke and given number of panels hasnbautomated using the macro.
The definition of related hinges, the torsion sgsiiis also carried out automatically.

v' Separate subroutines for other elements like CGhspbbers and ejectors, damper
have been developed and linked to ADAMS, as ADAM®gInot support them as a
standard features.

v' As the modelling is automated, analysis can beiehwut quickly for a variety of
configurations and errors are minimized.

v" Results obtained from the analysis are in goodesgeat with the earlier models.
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CONGRATULATIONSTO THE AWARD WINNER

Sri. C. D. Sridhara, Group Director, SMG
ISRO Satellite Centre, Bangalore

National Design Award in M echanical
Engineering 2011 for the year 2011 from th¢g
Institution of Engineers (India) in National
Design and Research Forum for his
outstanding contribution in the field of
Mechanical Engineering Design.

FORTH COMING SEMINARS

1. 2" IFToMM Symposium on Mechanism Design for Robotics
12-14 October 2012:Beihang University, Beijing, China
Webpage: http://IFTOMM-SMDR.buaa.edu.cn

2. International Conference on Mechanical Engineering and Mechatronics
15-17 August 2012: International ASET Inc., Ottawa, Canada
Webpage: http://ICMEM2012.International-ASET.com

3. ASME 2012 International Mechanical Engineering Congressin ,Houston, TX
Last date for abstract: February 27,2012
Webpage: http://www.asmeconferences.org/congress2012

INVITATION FOR ACTIVE PARTICIPATION

We invite you to send technology news, technicalticlas, members’ news and
suggestions/comments on e-newsletter and the welberts to Chief Editor to improve the
newsletter. The technical articles may be limited!00 words only in MS Word format with twp
photographs. The direct extracts from referencayg be avoided. Kindly provide your e-mail &
mail address to enable us to contact you.

enewdetter @insar m-bangalor e.or g
WWWw.insar m-banagalor e.or g

EDITORIAL COMMITTEE
Dr. B P Nagaraj, ISAC, Chief EditorDr. Dibakar Sen, 11ISc, Member
Sri. A Shankar, ISAC, Member Sri. Anoop Kumar Srivastava, ISAC, Member Secretary
Disclaimer: The editorial board does not take thsponsibility of the correctness and consequentassing the
information available in the articles publishedfits newsletter. The responsibility of the cornests of the material lieg
solely with the contributor. The contributor isspensible for taking necessary approvals from cdemgeauthority
before submitting for publishing in this e-newstett The Editorial Board reserves the right to aeéd schedule the

articles for the e-newsletter.
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