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Message from the Editor-in-Chief
After delayed publication of the January 2017 issue of the Bulletin of the
Association for Machines and Mechanisms (AMM), we are on time to
publish the April 2017 issue well within the month of April.

Our Objectives and
Activities
The main objective of
AMM is to contribute to
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industrial initiatives,
thereby enhancing the
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indigenous machines. With
this in view, AMM
organises the International
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Machines and
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Industrial Problems on
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Mechanisms, IPRoMM
regularly.
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E‐mail: secretary@ammindia.org
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With the active support of Dr. R. Ranganath of Spacecraft Mechanisms
Group, ISRO Satellite Centre, Bangalore, Bulletin of the AMM Volume 9, No.
2, April 2017 issue is now ready for publication. Dr. Ranganath, as Zonal
Vice President (South), co‐edited this issue. He collected an article from
Spacecraft Mechanisms Group, ISRO Satellite Centre, Bangalore to include in
this issue.
The interesting article from Spacecraft Mechanisms Group, ISRO Satellite
centre is on “Deployment Mechanisms for ASTROSAT ‐ The First Indian
Space Astronomy Observatory” contributed by S Narendra and K Balaji. We
all know ISRO is doing wonders in the space sector to hold the pride of India
high. The development of typical mechanisms in space sector as outlined in
this article is sure to draw keen interest among the readers.
Brochures of different events that are being organized across the globe are
placed in this bulletin as usual. Special mention is to make regarding
organization of iNaCoMM‐2017 by Bhaba Atomic Research Centre during
December 13‐15 2017 in Mumbai. This is the 3rd International and 18th
National Conference on Machines and Mechanisms. There will also be a
Student Mechanism Design Contest.
Dr. G. Saravana Kumar, Secretary AMM, and other office bearers of the AMM
deserve special thank for extending background support as usual.
AMM members and other interested persons are requested to contribute
articles and send the same to the editorial team for July 2017 issue.
Constructive suggestions, comments for improvement of the Bulletin of the
AMM are requested.
On behalf of the Editorial Team of the Bulletin of AMM, I thank all concerned
for their support, good wishes and suggestions for bringing out of this
Bulletin.
Hope for the best Season’s Greetings !

Prof. Santanu Das
Editor‐in‐Chief

About the Association of Machines and Mechanisms (AMM)

AMM headquarters are currently located at the Department of Engineering Design, IIT
Madras. A new set of office bearers have taken charge of the affairs of AMM. AMM invites
both individual and corporate membership from Indian academia, research organizations and
industry. Membership benefits and other information about AMM are available at
www.ammindia.org. The body of Zonal Vice Presidents (ZVPs) is active over the past
several years with representations from the four corners of the country. They are playing the
role of nodal agencies so as to decentralise the AMM official activities and to organise
workshops under the aegis of AMM to popularise the mechanism science in their respective
regions. They also form the editorial team of this news bulletin. AMM invites contributory
articles from its members and others working in the various fields of mechanisms science for
this quarterly news bulletin. Interested people can contact the editorial team.
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Contributed Article
Deployment Mechanisms for ASTROSAT - The First Indian
Space Astronomy Observatory
S Narendra1 and K Balaji2
Spacecraft Mechanisms Group, ISRO Satellite centre, Bangalore
Email: 1naren@isac.gov.in and 2kbala@isac.gov.in
1. INTRODUCTION
ASTROSAT, spacecraft which is India’s first space based observatory for astronomy was
launched successfully from the Indian spaceport at Sriharikota on September 2015. The
spacecraft has been placed in a 650 km, 6 degree inclined circular orbit using the PSLV-C30
launch vehicle. The main mission objective of the spacecraft being to provide a space based
multi-wavelength astronomical observatory.
The spacecraft carries a set of five payloads which are sensitive over a wide spectrum of
wavelengths covering visible, ultraviolet, soft x-rays and hard x-ray bands. The five payloads
flown on ASTROSAT are, two Ultra Violet Imaging Telescopes (UVIT), a Soft X-ray
Imaging Telescope (SXT), a Sky scanning Monitor (SSM), three Large Area Xenon filled
Proportional Counters (LAXPC) and a Cadmium Zinc Telluride array (CZT).
The deployment mechanisms constitute, two deployable covers for the UV Imaging
Telescope, a deployable cover for SX Imaging Telescope, a Hold down Release and Steering
Mechanism for SSM and two numbers of Solar Array Deployment Mechanisms (SADM),
The Figure 1 shows the spacecraft configuration with the mechanisms in the stowed and
deployed configurations.
All the mechanisms have deployed successfully in-orbit and have performed flawlessly. The
paper presents a brief insight into the design requirements, challenges for ASTROSAT
mechanisms, providing the salient mechanism specifications and their performance in-orbit.

Figure 1: ASTROSAT spacecraft in stowed and deployed condition
2. THE CHALLENGES FOR ASTROSAT MECHANISMS
The major challenges to the design and qualification of mechanisms specific for ASTROSAT
mission were:
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a. Stringent Contamination control requirements
ASTROSAT mission carrying the optical payloads in the UV and soft X-ray range posed
severe constraints with regards to the contamination aspects both molecular and particulate
contamination both during the ground test phase and in-orbit conditions. The UV payloads
were especially critical of the molecular contaminants and required all the elements on the
spacecraft to adhere to the stringent cleanliness procedures. The material selection
particularly the polymers had to be carefully selected as it called for a Total Mass Loss
(TML) of < 1% and Collectable Volatile Condensable Matter (CVCM) of <0.01% . Also the
usage of wet lubricants was limited and dry lubrication of MOS2 was the preferred choice. A
new material called Techtron HPV was considered for the usage in mechanisms and the
material was extensively tested and qualified for use on the telescope cover mechanisms.
b. Low source shock release mechanisms
The hold down and release mechanisms near the telescope optics had to be of low source
shock. To cater to this requirement the conventional pyro-cutter mechanisms could not be
used and an alternative using the Paraffin actuator was considered which provided for a low
source shock and could be used near the optics.
c. Higher vibration loads.
The telescope cover mechanisms were located at the tip of the long telescope baffles. This
location of the covers at the end of the long baffles provided for higher vibration loads due to
the cantilever action of the baffles and hence the covers had to be designed and qualified for
higher vibration loads (100 g in the longitudinal axis and 80 g in the lateral axis).
d. Deployments after long storage in space environment.
The telescope aperture covers were required to be deployed only after a long duration of
storage (~ 60 days) in stowed condition in orbit. This was called for to ensure that the initial
out-gassing of the spacecraft in the orbit subsides and the telescope covers can be deployed to
expose the optics inside safely without getting contaminated.
All the above constraints were considered in the design , assembly and test phases of the
mechanisms and the hardware realized by following proper material selection, strict
contamination control procedures, extensive testing for both vibration and thermo-vac
conditions.
3. SALIENT ASTROSAT MECHANISM ASPECTS
The salient aspects of the mechanisms in ASTROSAT are as provided below.
a. UV-Telescope Cover Mechanisms
There are two UV telescopes in ASTROSAT, which are mounted centrally in the spacecraft
as shown in the Figure 2. These telescopes cater to the Far UV (FUV) band of 130- 180nm,
Near UV (NUV) band of 200 to 300 nm and the visible band of 320 – 550 nm.
The UV telescope optics have a stringent contamination control and thus two deployable
covers are provided at the top baffle of the telescope, which protect the telescope optics from
contaminants during the ground phase and initial 64 days of in-orbit phase of the spacecraft.
The telescope covers also function as sunshades on deployment and prevent the sun rays from
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entering into the optics. The cover mechanisms consist of two spring driven hinges and a
paraffin actuator based Hold Down and Release Mechanism (HDRM) as shown in the Figure
2. The cover is held in the stowed condition by means of the Hold down mechanism with a
preload of 100kgf. The two hinges provide for the energy of deployment and also provide for
the centre of rotation for the cover and help in latching the cover in the final deployed
position.

Figure 2: UV telescope cover model & cover deployment in Lab
b. Soft X-ray Imaging Telescope (SXT) Cover Mechanism
The Soft X-ray Imaging Telescope consists of X-ray reflecting mirrors and an X-ray CCD for
imaging and spectral studies in the 0.1 – 8 keV. The SXT cover mechanism is similar to the
UV cover mechanisms, except for the fact that the diameter of the cover is smaller and the
angle of opening of the cover is different. The HDRM is identical to the UV mechanisms.
The hinges are suitably designed to obtain the required angle of opening of 256 degrees as
shown in Figure 3. Unlike in UV telescopes the covers on deployment do not act as sun
shades.
Both the telescope covers for UV and SX Telescopes are made up of a thin section of Al6061 material and have a honeycomb deck stiffener bonded on the outside of the cover to
provide for the stiffness of the cover. The cover mechanisms were new developments and the
paraffin actuator based hold down release mechanism was also developed in-house to provide
for a low source shock release mechanism. The deployment of these mechanisms are mission
critical and hence the cover mechanisms were extensively tested on ground and qualified for
the launch vibration loads and the in-orbit thermal and vacuum environmental conditions.
All the cover deployments in orbit were as predicted and all the telemetry indications are
nominal. The Table 1 provides the salient specifications for the SXT cover mechanisms
Table 1: Salient Cover Mechanism specifications
Specification
Number of Hold downs
Number of Hinges
Angle of opening
Cover Diameter
Hold down release actuator
Mass (for 1 cover)
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UVIT
SXT
One
One
Two
Two
95 degrees 256 degrees
424 mm
377 mm
Paraffin Actuator
2.4 Kg
1.4 Kg

Figure 3: SXT Cover Deployed condition
c. SSM Hold Down Release & Steering Mechanism
The Scanning Sky Monitor (SSM) consists of three proportional counters, with coded masks
which are mounted on a platform (Figure 4). The payload is mounted on the anti sun side of
the spacecraft as shown in the Figure 1.

Figure 4: SSM Payload on s/c Deck with Steering and HDR Mechanism
The complete platform should be capable of being rotated by ±175 degrees, continuously.
Also during the launch the platform is to be held on to the spacecraft deck so as to provide
the requisite launch frequency and withstand the launch loads. The mechanisms consist of
two main assemblies namely
 The Hold Down and Release Assembly
 The SSM Steering Mechanism Assembly
The Hold Down & Release Mechanism(HDRM):
The SSM platform is held down at four hold down locations to withstand the launch loads
and is released in orbit to allow for the steering operation of the payload. The hold down and
release mechanism is as shown in the Figure 5.
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Figure 5: SSM Hold Down and Release Mechanism
At these hold down locations the platform is held on to the deck by means of preloaded bolts.
All the hold down bases are connected by a continuous hold down release loop which helps
in retaining the preloaded bolt in position in the hold down bases. The hold down release loop
is cut by means of a pyrocutter, which in turn releases all the hold down bolts simultaneously.
The salient specifications of the HDRM are as given in the Table 2.
Table 2: Salient SSM HDRM & Steering mechanism Specifications
SSM HDRM Specifications
SSM Steering mechanism
Specifications
Specification
Value
Specification
Value
Number of Hold Four
Motor Drive Type Stepper Motor
downs
Hold
down 750 x 513 mm
Gear Drive
Harmonic Gear
spacing
Gear ratio 157: 1
Release Actuator Pyro cutter
Angle Encoder
resolver
Hold
down 800 Kgf
Positional
1 arc minute
Preload
Accuracy
Wire rope tension 100 Kgf
Angular
±175 deg.
movement
Mass of HDRM
3.3 Kgs
Mass of steering
6.0 Kg.
SSM Steering Mechanism:
The SSM steering mechanism consists of a stepper motor drive in conjunction with a
harmonic gear drive. The motor is fixed to the housing which is connected to the payload
platform through a pair of diaphragms as shown in Figure 4 & 6. The angle of rotation is
primarily obtained by means of the resolver.
On release of the hold down mechanism the platform pops up by 3mm due to the release of
strain energy of the diaphragms. The diaphragms also provide necessary deployed stiffness
to the platform. The mechanism can be commanded to perform in the continuous open loop
movement, step stare and parking modes of operation. The salient specifications of the
steering mechanism are provided in Table 2.
The SSM hold down release was initiated immediately after the solar array deployment
confirmation and the release operation was nominal and all the telemetry indications obtained
for the release condition confirmation. Subsequently the steering operations of the
mechanism were performed and all the modes of operation were checked and found to be
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performing nominally. The payload steering operations are being carried out on a regular
basis and are found to be satisfactory.

Figure 6: SSM Steering Mechanism
d.

Solar Array Deployment Mechanisms

(a)
(b)
Figure 7a & 7b: Deployed Solar Array during ground tests and Hold down assembly
The on-board power requirements of the spacecraft are met by means of the power generated
using the solar energy. For this purpose the spacecraft consists of two deployable solar arrays
consisting of two solar panels in each array (as shown in the figure 7a). The solar panels are
populated with improved triple junction solar cells capable of generating around 1600 watts
of power. The solar arrays are stowed on the two opposite decks of the spacecraft.
The Solar Array Deployment Mechanisms (SADM) provides for the stowing of the solar
arrays on to the spacecraft deck in the launch configuration by means of four hold downs and
a pyro-cutter based Hold down Release loop. The Figure 7b shows the typical two panel hold
down assembly. The deployment hinges provide for the deployment energy required for the
array deployment and also provide for the latching of the array in the end position. The
deployment of the array on being injected into the orbit is by means of a SNAP related auto
program sequence in-built into the spacecraft, which commands the pyro-cutter, releasing the
hold downs and deploying the array. Both the solar arrays deployed successfully in orbit and
the functional parameters were normal.
Table 3: Salient SADM specifications
Specification
Value
Number of Hold downs
Four
Panel Deployment
Near accordion type of deployment by using CCLs.
Hold down release actuator Pyro-cutter
Mass of SADM for 1 array
8.0 Kg
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4. CONCLUSIONS
This article provides the reader a brief insight into the various deployment mechanisms
developed for ASTROSAT mission. The challenges posed for the design of the deployment
mechanisms have been indicated and a brief of the configuration of the mechanisms, their
functions and the salient specifications have been provided.
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The 4th Conference on Mechanisms, Transmissions and
Applications (MeTrApp 2017) at Trabzon, Turkey
(July 03-05, 2017)
The 4th Conference on Mechanisms,
Transmissions
and
Applications
(MeTrApp 2017) will be organized by
Karadeniz
Technical
University,
Mechanical Engineering Department in
Trabzon, Turkey on July 3-5.
The call for papers and the detailed
information are provided at the
conference
website:
http://metrapp2017.ktu.edu.tr/
MeTrApp 2017 is organized under the
patronage
of
International
Federation for the Promotion of
Mechanism and Machine Science
(IFToMM). The
researchers
are
welcome to submit their high quality
and original research papers relevant
to the conference topics:
* Mechanisms and Machine Design
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* Mechanical Transmission
* Mechatronics
* Computational and Experimental
Methods
* Dynamics of Mechanisms and
Machines
* Micromechanisms and
Microactuators
* Biomechanics and Medical
Engineering
* Industrial Applications
We are looking forward to your
contributions to MeTrApp 2017 and
hope to meet you in Trabzon, Turkey.
Contact:
Dr. Mehmet ITIK (Conference Chair)
Department of Mechanical Engineering
Karadeniz
Technical
University,
Trabzon, Turkey

Call for Papers for the 41st Mechanisms and Robotics (MR)
Conference
(August 6-9, 2017)

@ ASME 2017 International Design
Engineering
Technical
Conferences
https://www.asme.org/events/idetccie
Abstract and Final Draft Paper Due:
February 10, 2017
The 41st ASME Mechanisms and Robotics
(MR) conference will be held as part of the
2017
ASME
International
Design
Engineering Technical Conferences &
Computers & Information in Engineering
Conference (IDETC/CIE) in Cleveland,
OH, August 6-9, 2017.
Since 1952, the ASME Mechanisms and
Robotics (MR) conference has provided an
international forum for the exchange of
technical and scientific information on the
theory and practice of mechanical and
robotic systems. Topics span areas central
to design and analysis of mechanical,
mechatronic, and robotic systems,
including kinematics, dynamics, novel
mechanisms
and
robots, software
systems, educational practices, and various
applications. Papers
are
particularly
encouraged from the areas in soft-,
flexibleand
human-safe
robots,
reconfigurable mechanisms and robots,
origami-based systems, rehabilitation and
medical robots, and exoskeleton/prosthesis
design and development.
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Submitted papers will be eligible for the
Mechanisms and Robotics Best Paper,
Freudenstein/ General Motors Young
Investigator, A.T. Yang Memorial, and
Compliant Mechanism awards. Authors of
the strongest papers at the conference will
also be invited to submit enhanced archival
versions to an IDETC Special Issue of
the Journal of Mechanisms and Robotics.
The MR conference will host the following
symposia:
MR-1 Mechanism Synthesis & Analysis
MR-2 Theoretical & Computational
Kinematics
MR-3 Compliant Mechanisms
MR-4 Origami-Based Engineering Design
MR/MNS-5 Micro/Nano-Scale Robotics &
Manufacturing
MR/MSNDC-6 Motion Planning,
Dynamics & Control
MR-7 Medical & Rehabilitation Robots
MR-8 Novel Mechanisms, Robots &
Applications
CONFERENCE ORGANIZERS:
Andreas Mueller (Johannes Kepler Uni.,
Linz, Austria, a.mueller@jku.at)
James Schmiedeler (Uni. of Notre Dame,
IN, James.P.Schmiedeler.4@nd.edu)
Philip Voglewede (Marquette Uni.,
WI, philip.voglewede@marquette.edu)
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RecurDyn, based on multi-body dynamics, is the CAE software for multi-physics
solutions. Starting with just multi-body dynamics in 2004, RecurDyn became the
first Multi-Flexible Body Dynamics (MFBD) to integrate multi-body dynamics and nonlinear finite element methods into its numerical integrator, which opened the new
paradigm in the field of multi-physics CAE.
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Optimization, all in a single framework.
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301 Odeon Plaza, II Sector, 10, Dwaraka, New Delhi 110075
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