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ABSTRACT

Dome C and A of the Antarctic plateau is considered to be the best astronomical site on the earth because of extremely
cold, dry weather, low wind speed and atmospheric turbulence overhead. CSTAR (Chinese Small Telescope ARray),
which is composed of four small telescopes with 100mm clear aperture, has been accomplished in August and shipped
to Antarctic at November 2007. Then, from the Zhongshan station, Chinese traverse team sledged it by snow tractor to
Dome A through about 20 days hard trip and erected in January 2008. In this paper, the vibration proof design of
packing box of CSTAR is introduced based on vibration theory and the analysis of power spectrum density is done to
verify parameter selection. Finally, transport experiment is done to prove that packing box is suitable for the inclement
and various transport condition.
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1. INTRODUCTION

Now South Pole and Dome C are considered the better sites for astronomy than existing mid-latitude sites, with
exceptional coldness, low sky brightness and low content of water vapor. Dome A, the highest point on the Antarctic
plateau, is expected to experience colder atmospheric temperatures, lower wind speeds, and thinner turbulent boundary
layer, so could outperform Dome C in many aspects for astronomical observations.

The Dome A site was first visited in January 2005 via an overland traverse, conducted by the Polar Research Institute of
China (PRIC). PRIC plans to return to the site to establish a permanently manned station within the next decade.
Chinese Small Telescope Array--CSTAR (Fig.1), which consists of four individual telescopes each of 14.5-cm aperture
and a field of view of 4.5°%x4.5°, is to be used for transient searches and monitoring at Dome A. Each telescope is
attached to a 1K x 1K CCD with frame transfer readout capabilities. This set of telescopes has been shipped to
Antarctica in November 2007, and installed at Dome A in January 2008 by Chinese traverse team. Astronomers have
got the images sent back by CSTAR now and start analysis of data.

Fgure 1 CTAR at Dome A
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From Chinese workshop to Dome A, CSTAR has to be transported by truck, ship and sledge successively and endure

change of temperature about from 20 to -40°C. During the thousands miles trip, it also was suspended by crane,
helicopter and other hoist. On the other hand, because of extremely environment of Dome A, CSTAR is transported
totally with optical components and expected to work with very limited adjustment in situ, it demands very elaborate

packing to prevent mirror fracture and misalignment. A detailed design, analysis and test of cushioning packing box for
CSTAR are introduced in the following section.

2. DYNAMIC MODEL OF CUSHIONING PACKING SYSTEM
Vibration and shock is the main reason to cause damage on product in transportation. In the case of resonance vibration,
damage usually happens while resonance acceleration exceeds the limits. It’s particularly important to optical precision
instruments such as telescope. In order to reduce the impact from outside, product needs to be isolated from the support

while transportation. Here, product is considered to be rigid, the mass and flexibility of the packing box is also
neglected. Thus, the linear model of single degree of freedom is shown as Fig.2.
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Figure 2 Linear model of single degree of freedom

In the research of practical cushioning packing system in transportation, interference displacement is always recognized
as the typical half-sine wave. It is given in the form:  x, = asin(at)

According to Newton’s Law of Motion, the differential equation of vibration of the single degree system is given by:

mx=—c(x—x,)—k(x—x,)
Where m is the mass of the system, c is the damping of the system, k is the stiffness of the system and x is the
generalized coordinate of the system.
The stable solution of the above differential equation is following formula: x = Bsin(@? — ¢)
Where,
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Where,
@ is the angular frequency of the system;
, is the natural frequency of the system, @, =~/ k/m,
A is the ratio of the frequencies, A =w/® ;

¢ is the ratio of damping, ¢ =c/ 2mao, ;

Usually, the acceleration response is used to evaluate the influence of vibration; it can be derivative by stable solution of
displacement.

3. DESIGN OF CUSHIONING PACKING BOX
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CSTAR has been transported to Dome A in the inclement and various transport condition on the whole journey.
Therefore, the cushioning packing box for CSTAR is required to be able to resist long-term vibrations with low
frequencies caused by waves from the oceans. On the other hand, it is also asked for suitable elasticity against the
random shock with high amplitude on the snow way to Dome A. The design and analysis of the cushioning packing box
is based on the above two main points.

CSTAR is composed of two parts: mirror box and tripod. Mirror box contains four tubes, support legs and box (Fig. 3).
Due to the long and complicated trip, packing box of CSTAR needs not only vibration isolation and cushioning but also
waterproof, fireproof and anti-corrosive. Vibration isolators have many types such as air damping shock absorber,
rubber, hydraulic and metal spring. For different size and weight of product, the distributions of isolator also have
different methods. According to volume of CSTAR, the tripod and mirror box were divided into different packing box.
The tripod just needs normal wooden box and mirror box should be packed more carefully. Considering inclement
whether on Antarctica, air damping and hydraulic is not suitable for us; on the other hand, CSTAR is not so big and
heavy, hence, metal tension spring is used to hang mirror box of CSTAR.

We designed outside frame and sealed inside case through elastic connection to protect mirror box of CSTAR (Fig. 4).
Firstly, the mirror box of CSTAR is put into a steel case, the space between mirror box and steel case are chocked up by
vibration-proof rubber so mirror box has no any shake relative to steel case. Then steel case is covered and bolted, the
gap between cover and case is sealed by silica gel to resist ingress of moisture and water spray. And then whole steel
case is suspended on outside frame by eight canting pull springs so it can endure vibration of any direction. Finally,
some damping block made by sponge is embedded between inside case and outside frame to resist unexpected shock.
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Figure 3 Mirror box of CSTAR Figure 4 Cushioning packing box of CSTAR

Spring is key of design of packing box; proper spring can absorb vibration and consequently protect precise instruments
during transportation. Either too stiff or flexible ones are useless. Stiffness of tension spring can be calculated by
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following formula: k=
K: Stiffness of tension spring;
G: Coulombs modulus, Mpa;
d: Diameter of materials;

D: Pitch diameter of spring;

Considering self-weight of mirror box, the upper spring should be stiffer than inferior ones. Consequently, elastic force

of upper spring equal sum of inferior ones and weight of mirror box under steady state. In this way, both upper and
inferior springs have suitable stretch so active for vibration-proof. Two materials, spring steel and stainless steel wire is

Proc. of SPIE Vol. 7018 701848-3






