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Abstract. The new kinematic scheme for large petal-type space mirror package and deployment is considered. To check the approach the computer and physical models of multibody transformable structure were developed and studied. Central mirror and petal of the physical model were made be 3D printing technology. Preliminary results of computer and physical simulation of the scheme are presented.
1 Introduction
To create antennas of large space telescopes, the designs of large transformable mirrors of various types were proposed and developed [1]. The requirement for the surface accuracy of such mirrors depends from the working wavelength of the instrument. For telescopes operating in the long-wave region of the spectrum, mesh designs are very effective [2, 3]. Large solid deployable mirrors, intended for operation at mm, submm, IR and optical wavelengths are currently being developed within a number of programs and space projects [4-6]. 
2 Classic design of petal type reflector 
The classic design of solid petal type deployable reflector was proposed by Dornier Corporation during "FIRST" space project development ("FIRST" - far infrared space telescope) [7].  The same deployment kinematics has been successfully implemented in the design of the 10-meter mirror of Radioastron project [8, 9], which was launched in 2011 and operates in the centimeter range of the spectrum [10]. 
Within this design a petal type reflector is a transformable structure and contains a central mirror and a set of petals. In folded state the petals are disposed in vertical position above the central mirror. In open state the petals and the central mirror form large parabolic reflector.  Stages of petal type mirror deployment are presented in Fig. 1, 2. 
In the classical design each petal is connected with central mirror by cylindrical hinge and rotates around the axis of the hinge during deployment.  It has been shown that there exist such directions of axes of the hinges under which synchronous rotation of the petals leads to the disclosure of the mirror without cling. Synchronous rotation of the petals carried actuators, which are located on the back side of the central mirror.
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Fig.1. Outline of parabolic reflector deployment
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Рис. 2. Stages of petal - type mirror deployment (FIRST project, Dornier). 
1 - Mirror in the folded (transport) state. 2 – Partly deployed mirror. 3 – The mirror in working state. 
However, there are drawbacks that limit the use of this kinematic scheme to create large deployable mirrors for short waves.                                                                                                  
Main lacks of the design are as follows:                                                                              

- after deployment the petals are not tied together by outer loop of the mirror, therefore the rigidity of open reflector is not very high (the geometric rigidity of closed shell did not used),


- errors in setting the position axes of cylindrical hinges and inaccuracies of petals opening distort the shape of the mirror surface, the value of which increases from the axis of rotation to the periphery of the mirror; however this part of mirror makes a decisive contribution to the effective area of the reflector and for short wave mirror must be made very precise. 
Therefore attempts were made, unfortunately unsuccessful, to tie the adjacent petals together via locks along outer loop of the mirror after deployment. However ties fulfilled after deployment produce uncontrolled disturbance of reflective surface and leads to a statically indeterminate, strained constructions of disclosed mirror, what is extremely undesirably for precision reflectors.
3 New kinematics for petal-type mirror deployment 

To overcome these shortcomings another version of petal type mirror deployment kinematics was proposed and developed [11, 12]. We propose to retain the link between adjacent petals during all deployment process (Fig. 3). 
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Fig. 3.  Links between the petals.                                                                                                                                                                                                1, 6 – petals, 2 – guide, 3 - rod, 4 – slider,  5 – linear actuator.
To implement this approach, it is necessary first of all to abandon the cylindrical hinges connecting the petals with central mirror, replacing them with links that provide a greater degree of freedom of the petals. We considered a structure in which each petal is connected to a central mirror by two cylindrical hinges (Fig. 4.).
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Fig . 4.  Links between petal and central mirror. 

1, 2 - cylindrical hinges, 3 - petal, 4 - central mirror.                                                                                                                                                               

Moreover the vertex of the petal is connected to the edge of the adjacent petal with connections that introduce to the structure two kinematic constraints (Fig. 5). Miniature linear actuators are used for deployment. During the opening the actuator moves the vertex of the petal along the outer edge of the adjacent petal (Fig. 5). 
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Fig . 5. Computer model of deployment mechanism. 1 –petals, 2 guide, 3 -  worm rail,                                                                                                         4 – screw,  5 – motor, 6 – holder of the motor (slider), 7 - rod, , 8 – cylindrical hinge, 9 – spherical hinge.
Direct calculations and computer model examination shows that the structure remains statically and kinematically determinate in each moment of deployment, if positions of cylindrical hinges are correctly chosen. Therefore the structure remains stress free and geometrically unchangeable in each moment of deployment and precise synchronization for actuators operation during opening is not requires. 
4 3D printing technology for simulation of new deployment kinematics 
To check the new deployment kinematics the computer model within Solid Work package was developed and tested. Some details of simulation are shown in Fig 6, 7. 
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         Fig.6. Computer model of folded mirror
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Fig.7. Deployable mirror in open state
On the base of computer model the physical deployable model was fabricated. Main elements of physical model – petals and central mirror- were made by 3D printing technology. Some details of simulation are shown in Fig 8-11.
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Fig.8. Computer and physical models of central mirror
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Fig.9. Computer and physical models of petal
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Fig. 10 Physical model of deployable reflector in closed and open state
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Fig. 11  Physical model of the deployment mechanism, made using 3D printing technology.                                                         1 –petal, 2 guide, 3 -  worm rail printed together with petal as a whole,                                                                                                             4 – screw,  5 – motor, 6 – holder of the motor (slider). 

5 Conclusions
3D-printing technology is very useful and flexible instrument for physical simulation of new kinematics for petal type space mirror deployment.
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