J. Astrophys. Astr. (2016) 37: 19
DOI: 10.1007/s12036-016-9396-7

Non-uniform Solar Temperature Field on Large Aperture,
Fully-Steerable Telescope Structure
Yan Liu
School of Civil Engineering, Chang’an University, Xi’an 710061, People’s Republic of China.
e-mail: actor_liu@126.com
Received 22 March 2016; accepted 24 June 2016

Abstract. In this study, a 110-m fully steerable radio telescope was used
as an analysis platform and the integral parametric finite element model
of the antenna structure was built in the ANSYS thermal analysis module. The boundary conditions of periodic air temperature, solar radiation,
long-wave radiation shadows of the surrounding environment, etc. were
computed at 30 min intervals under a cloudless sky on a summer day, i.e.,
worstcase climate conditions. The transient structural temperatures were
then analyzed under a period of several days of sunshine with a rational
initial structural temperature distribution until the whole set of structural
temperatures converged to the results obtained the day before. The nonuniform temperature field distribution of the entire structure and the main
reflector surface RMS were acquired according to changes in pitch and
azimuth angle over the observation period. Variations in the solar cooker
effect over time and spatial distributions in the secondary reflector were
observed to elucidate the mechanism of the effect. The results presented
here not only provide valuable realtime data for the design, construction,
sensor arrangement and thermal deformation control of actuators but also
provide a troubleshooting reference for existing actuators.
Key words. Fully-steerable radio telescope—non-uniform temperature
field—solar cooker effect—thermal deformation.

1. Introduction
In order to further deep space exploration efforts in China, the Chinese Academy of
Science, National Development and Reform Commission, and the Xinjiang Uygur
Autonomous Region have made plans to come together to construct a large, fully
steerable radio telescope with an aperture of 110-m in Qitai County by the year 2020.
Once complete, it will be the world’s largest fully steerable radio telescope on the
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ground and its overall performance will set a new precedent; the telescope’s expected
frequency range covers 300 MHz (λ = 1 mm) to 117 GHz (λ = 3 mm).
Thermal analysis is a key factor in engineering such a large-aperture telescope
(Feng et al. 2009; Qiu 1998; Qian & Liu 2014), particularly the effects of the nonuniform temperature field exerted on the structure under lengthy periods of sunshine.
Solar temperature load originates from non-uniform solar temperature changes on
the structure from sunrise to sunset throughout the day. This load is extraordinarily
complicated due to a large number of factors such as periodic atmosphere temperature, solar irradiation, shading by the structure itself, etc. Solar temperature load
varies rapidly with non-uniform distribution during the day, making it difficult to
analyse or troubleshoot via traditional measures.
Establishing a practical, reasonable and simplified heat boundary condition is the
first step to calculating the temperature field. There are many continuous working
states for the telescope structure during its operation process, and the temperature
field of the structure is unique to each working state. The non-uniform thermal deformation caused by solar load affects the surface precision of the main reflector and
decreases the electrical performance of the antenna, so for appropriate precision
control, it is crucial to systematically analyse the effect of the non-uniform solar
temperature field, determine the mechanism of the said effect, and generalize all possible temperature field distributions in different working states for the telescope. A
fully steerable radio telescope has two reflectors; this dual reflector system forms
a ‘solar cooker’ as the solar radiation energy is reflected and converged between
the reflectors. Accurate and comprehensive understanding of the solar cooker effect
is necessary to ensure the heat abstractors are in the appropriate arrangement, and
the positions and temporality of high-temperature points must be known in order to
guarantee optimal system performance.
The present research on non-uniform temperature field effect under sunshine on
the fully steerable radio telescope, based on its rotation operation, is a pioneering project. The results discussed below are expected to provide support for its
design, construction and operation maintenance, as well as a technical reference for
troubleshooting the structure as-necessary after its completion.

2. Operational principle of fully steerable antenna
The fully steerable antenna structure, as shown in Fig. 1, consists of secondary reflector, main reflector, elevation mechanism and azimuth mount. The antenna structure
can track any celestial body by rotating in the elevation and azimuth directions,
respectively. Rotation from 0◦ to 360◦ of the whole azimuth mount is driven by
eight pairs of track wheels standing on the rail, which has a diameter of 70 m. The
sector gear wheel, which has an aperture 48 m in diameter, rotates from 5◦ to 90◦
around the elevation axle by a driving rod. Figure 2 gives two typical models as
examples. The main reflector is paraboloid in shape and is paved with 1,004 pieces
of reflecting panels. Advanced active reflecting panel technologies are adopted for
panel installation. Each panel is fixed on a group of manageable actuators which
can be adjusted to compensate for the surface deformation caused by gravitational
load, wind load and temperature load. The antenna performs well in all manner of
observation frequencies due to this active control technology.
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Figure 1. Fully-steerable antenna structure model.

Figure 2. Pitch angle coverage at (a) 5◦ and (b) 90◦ .

3. Thermal environment of the structure
Specifically the antenna is located in Shihezi Village of Banjiegou Town in Qitai
County, which sits in the southeast reach of Junggar Basin in Xinjiang province. The
county is situated at 89◦ 13 –91◦ 22 (eastern longitude), 42◦ 25 –45◦ 29 (northern latitude). The area has a semi-arid, semi-desert, middle temperate continental climate.
Based on recent meteorological data for Qitai, the annual mean wind speed is 3 m/s
and the warmest month is July. The monthly average record is 22.6◦ C and 39◦ C is
the highest and 14◦ C is the lowest recorded temperatures. The effect of this nonuniform temperature field was analysed based on data gathered under typical climate
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Figure 3. Temperature time-histories at Qitai, July 15.

conditions on July 15, a clear and sunny summer day. Sunrise was at 5:00 and sunset
at 17:00. The hourly atmospheric temperatures during the observation day are shown
in Fig. 3.
4. Solar thermal analysis
The nature of solar thermal analysis is by thermal equilibrium analysis. Heat transfer in the solar temperature field of the reflector structure covers three modes:
thermal conduction, thermal convection and thermal radiation (Chamberlin 2003).
Thermal conduction represents internal heat exchange due to temperature gradients in different parts of the structure and contacts; thermal convection denotes heat
exchange caused by temperature differences between the reflector structure and adjacent flowing air; and thermal radiation, which also includes solar radiation, denotes
heat exchange between all objects which emit electromagnetic energy absorbed and
converted into heat by other objects.
4.1 Finite element model (FEM) in solar thermal analysis
Figure 4 shows the FEM of the radio telescope structure for solar thermal analysis established in ANSYS, MATLAB and FORTRAN; it was built with specific
geometries and sectional dimensions. Table 1 gives the heat transfer modes and
corresponding simulation elements, and Table 2 gives the relevant thermophysical
properties of the materials as-given (Doyle et al. 2009; Liu et al. 2001; Jiang et al.
2009; Kehlbeck 1981; Qian et al. 2012).
4.2 Boundary conditions
4.2.1 Solar radiation. The main heat source of the radio telescope structure is solar
radiation, which is closely related to the solar zenith and azimuth angles. The solar
zenith angle denotes the direction of the solar rays and the solar azimuth angle determines, to a considerable extent, the solar energy on the surface; this is the main
reason why there is greater light intensity at noon than in the morning or evening.
The solar zenith angle βs is the angle between the vertical and the line-of-sight of the
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Figure 4. Solar analysis model.
Table 1. Simulation elements of FEM.
Modes of heat transfer

Simulation element

Conduction
Convection
Radiation

Link33, Shell57
Link34, Surf152
Link31

Table 2. Parameters of thermal physical characteristics for panel
material.
Material
Steel

Density
(kg/m3 )

Specific heat
(J/(kg·K))

Conductive coefficient
(W/(m·K))

7850

465

49.8

sum within its range, −90 to +90◦ . The solar azimuth angle αs is the angle between
the local meridian and the projection of the line-of-sight of the Sun onto the horizontal plane. Its value is positive for the west and negative for the east and ranges from
−180 to 180◦ .
The motion of the Sun is also relevant to ϕ, the geographical latitude of the observation point, and δ, the solar declination (i.e. the angular position of the direct rays
of light relative to the plane of the equator and the specific time of day). The relation
of each geographic factor is shown in Fig. 5. These parameters altogether allow the
intensity of solar radiation to be calculated appropriately (Peng et al. 2006; Romero
et al. 2008; Gueymard 2004; Shen et al. 2008).
4.2.2 Heat convection. Heat convection density is not only related to flow formation but also to the velocity, physical flow characteristics, and the surface geometry,
dimensions and location of the structure. These parameters must be determined
before the convection coefficients can be obtained (Liu 2013).
Here, consider a model with pitch angle of 90◦ as an example. There are three
typical wind velocities: 1.5 m/s (minimal daily average wind speed), 3 m/s (annual
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average wind speed), 4.5 m/s selected as different working conditions to calculate
the respective convection coefficients. The results under different wind velocities are
shown in Fig. 6 for bar units and plate elements. The convection coefficients of all
parts of the structure increase as wind velocity increases, provided that the numerical
value of the convection coefficient represents the level of the heat transfer; in effect,
then, increase in wind velocity can intensify the heat transfer between different parts
of the structure and the surrounding environment. The convection coefficients of
most bar units were about 10 to 20 while the other parts were 30 to 40, because
majority of the bar units are small, circular steel tubes which constitute the upper
back frame structure while the other parts are large, welded box sections which constitute the azimuth mount below. The larger the contact area between the ambient air
and the structure component’s surfaces, the higher the convection coefficient.
Compared with the circular steel tubes, the convection coefficients of the plate
elements (Fig. 7) which constitute the sector wheel and the core tube were small.
Most numerical values were around 2 to 5. Each plate has only one side contacting
the ambient air while the opposite side makes no contact; each plate element also
is very thin along its thickness direction, so the heat convection along the surface
thickness dimension is fairly negligible.
4.2.3 Heat transfer by long-wave radiation. The heat transfer by long-wave radiation between the structure and the surrounding environment includes radiation from
both the sky and the ground. To calculate the long-wave heat transfer, the radiation
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Figure 5. Horizon coordinate system. (a) Top view and (b) perspective view.
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Figure 8. Radiation angle coefficient calculation.

angle coefficients for the sky ϕS and the ground ϕG of each component must be
determined first (Siegel & Howell 1992). The sky and the ground can be simplified as
two infinite planes for the purposes of calculation. A diagram of the said calculation
is shown as Fig. 8; the specific procedures were determined via equations (1)–(4),
where F is the reflecting element area, r is the plan radius of the reflecting element,
and L is the distance from the point of incidence to the reflection point. The absorption coefficient of the element in the FEM discussed here is 0.15 and the emission
coefficient of the sky and the ground is determined according to the actual situation,
i.e.
 2π

1
ϕS F =
(1 + cos ϕ)rLdϕ = πrL,
(1)
2
0

 2π
1
ϕG F =
(1 + cos ϕ)rLdϕ = πrL,
(2)
2
0

ϕS F
πrL
= 0.5,
(3)
ϕS = 
=
2πrL
F

ϕG F
πrL
= 0.5.
(4)
ϕG = 
=
2πrL
F
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4.3 Shading distribution
As shown in Fig. 9, when a beam of parallel light illuminates the reflecting surface
at a certain angle, a very clear dividing line forms between the shaded area and the
area exposed to sunlight. In the shaded area, the structure receives no sunlight; outside the shaded area the structure receives direct sunlight and absorbs a great deal
of solar radiation. This sharp contrast causes pronounced differences in temperature
among different regions of the panel. It is necessary to take the shadow distribution
into account during each step of the calculation due to this partial reduction in solar
radiation to account for the variations in environmental thermal conditions. The

Incoming direction

Reflector
Shaded area

Figure 9. Shadow formation.
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Figure 10. Shaded areas at different times of the day.
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shadow distribution also varies as the Sun’s position and antenna altitude change.
Obtaining the exact shadow effect for different antenna altitudes at different times
of the day is significant in terms of accurately calculating the temperature field
distribution of the structure.
In this study, three models of different pitching angles (5◦ , 45◦ , 90◦ ) were used as
examples to calculate various shadow distributions in different times of day on July,
15. As shown in Fig. 10, the shadow on any of these models can be divided into three
zones: parts with concave exposure and convex shading are marked in red, parts with
concave shading and convex exposure are marked in blue, and parts with both convex
and concave exposure are marked in purple. In the morning, as the Sun rises from
the east, concave exposure first appears in the western part of the reflector while the
shaded area grows larger in the east due to the shadow created by reflector itself. As
the day goes on, direct sunlight is gradually strengthened across the entire structure;
the convex exposure area continually increases until the afternoon, where the shadow
distribution on the reflector surface appears opposite to that of the morning.
5. Non-uniform solar temperature field effect
5.1 Temperature field distribution
According to the theories above, the shading, solar radiant heat flux, heat convection
coefficient, radiation angle coefficient for the sky ϕS , and radiation angle coefficient for the ground ϕG of each structural component were respectively calculated.
Based on the data from the heat exchange calculation, thermal loads were exerted
on the structure under a cloudless sky on a summer day, i.e., under worst-case climate conditions. Time-history analysis of the non-uniform solar temperature field
for the antenna structure was conducted based on the conservation of energy principle; the non-uniform temperature field distributions under different configurations
were obtained accordingly (Chen & Liu 2009, 2011; Elbadry & Ghali 1983; Fang &
Wang 2007; Goldstein et al. 2002; Yang et al. 2009). The calculation the flowchart
of the antenna structure temperature field was depicted in Fig. 11.
Determine the antenna structure gesture

Heat transfer by long-wave radiation

Calculate the radiation angle
coefficient for the sky

Heat convection

Calculate the radiation angle
coefficient for the ground

Calculate the
convection coefficient

Solar radiation

Calculate the solar zenith angle, azimuth
angle and declination,geographical latitude

Input into thermal analysis FEM

Calculate the boundary conditions

Calculate thermal balance equations

Export the results

Figure 11. Calculation flowchart of antenna structure temperature field.
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Models with pitch angles of 90◦ , 45◦ and 5◦ were analysed as numerical examples
under wind velocity of 1.5 m/s to determine the structural temperature field distribution as shown in Figures 12–14 (in the figures, AM is the azimuth mount, PM is the
pitching mechanism, SW is the sector wheel, BF is the back frame, SL is the supporting legs and FS is the feed source). In order to manifest temperature distribution
characteristics as they change over time, the 90◦ pitch angle model was also exemplified at 6:00, 8:00, 16:00 and 18:00 time points, respectively, to show the relationship
between the temperature field and time (Fig. 15). The non-uniform solar temperature
field of the 110 m antenna structure had several notable characteristics, as discussed
below:
(1) Regardless of pitch angles, the Sun is below the horizon from 19:00 in the late
afternoon to 5:00 in the morning the next day, so the structure receives no direct
sunlight and the maximum temperature of any component is close to the atmospheric temperature. From 5:00 in the morning to 19:00 in the evening, each
component receives direct sunlight and has maximal temperature significantly
higher than the atmospheric temperature.
(2) After the Sun rises, the highest temperature of each component continually
increases throughout the day. The azimuth mount, back frame, secondary reflector, support legs, elevation mechanism and sector gear wheel reach their maximum temperatures at 16:00, 15:00, 15:00, 14:30, 17:00 and 17:30, respectively.
After that, the temperature begins to drop to the lowest value (very close to the
atmospheric temperature) once again until 5:00 in the morning the next day.

Figure 12. Structural temperature field distribution for pitch angle 90◦ at (a) maximum
temperature and (b) maximal temperature difference.
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Figure 13. Structural temperature field distribution for pitch angle 45◦ at (a) maximum
temperature and (b) maximal temperature difference.

(3) The temperature differences from the structure itself rapidly increase until
reaching maximum values at 9:30 in the morning. After that, the temperature differences fluctuate and then begin to decrease until 18:00 in the afternoon. Finally,
the differences are below 2◦ C at 20:00 in the evening due to the decline in direct
sunlight intensity.
(4) The temperature difference distribution of the azimuth mount deserves special
attention. From 9:30 to 14:30, it first decreases and then increases. In the 90◦ and
45◦ pitch angle models in particular, the temperature difference variation trend
forms a V-shaped curve. The minimal values of 0.63◦ C and 0.58◦ C appear twice
in the respective pitch angles at around 12:30. Interestingly, the 5◦ pitch angle
model shows no such variation trend; its minimal temperature difference appears
at about 9:00 and 14:30 at about 4.6◦ C.
5.2 Effects on surface precision
The main reflector is comprised of thin panels of aluminum alloy which are connected to the back frame with adjustable actuators. The surface of the main reflector
is designed in accordance with a normal paraboloid. Solar radiation creates nonuniform thermal deformation which destroys the geometry of the surface, affects the
surface precision, and aligns with the working configuration. It is thus is necessary to
analyse the influence of solar radiation on the surface precision under different working configurations to calculate the displacement from the original normal paraboloid
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Figure 14. Structural temperature field distribution for pitch angle 5◦ at (a) maximum
temperature and (b) maximal temperature difference.

at each point of the main reflector surface in order to provide systematic and comprehensive references for actuator adjustment. This analysis procedure is shown in
Fig. 16.
Again taking pitch angles of 5◦ , 45◦ and 90◦ as examples, assuming that the
ambient air temperature during the day varies with a sinusoidal wave (Fig. 3) and
assuming typical wind velocities of 1.5 m/s, 3 m/s and 4.5 m/s, the non-uniform solar
temperature field effect was analysed as discussed below. The maximal displacement
time-history and surface precision time-history under different wind velocities are
shown in Figures 17–19.
(1) Under the same wind velocity, the variation laws of the maximal displacement
time-history for different pitch angle models are similar. The time-history curve
begins to evidently increase from 5:00 until 18:00 and reaches its maximum
around 7–7.5 mm. After that, the curve starts to drop and the peak of the curve
nearly approaches zero at 0:00 the next day, where the structural temperature
was close to that of the ambient air. The value of the maximal displacement
time-history and the surface precision time-history dropped in different ranges
at higher wind velocity because the increase in wind velocity intensified the heat
convection and heat conduction, which decreased the temperature differences in
the inner structure and between the structure and the ambient air.
(2) Taking pitch angles of 45◦ and 90◦ , the surface precision time-history curve profile forms an inverted U shape. From 5:30 to 8:00 and 17:00 to 20:00, the curve
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Figure 15. Temperature field distribution of telescope structure at different times of the day:
(a) 6:00, (b) 8:00, (c) 16:00 and (d) 18:00.

changes dramatically because the solar zenith angle βs too changes dramatically;
some components are shaded from the sunlight while others receive direct sunlight, so some components have temperature lower than that of the ambient air
and others have temperature higher than that of the ambient air.
(3) For the 5◦ pitch angle model, the peak values of the surface precision timehistory were entirely different. The first peak value was only 72% that of the
second peak value and appeared nearly an hour later than that of the other two
models. The cause of this phenomenon is that the central axis of the 5◦ model
is nearly horizontal, so as the Sun rises, the incoming light is nearly parallel to
the central axis. The surface of the main reflector is almost completely illuminated and there is little shading at this point, so early in the morning, the surface
precision shows no peak value due to uniform thermal deformation.
5.3 Solar cooker effect on the secondary reflector
5.3.1 Emergence of effect and calculation methodology. The 110-m structure is a
Cassegrain antenna system. The surface geometry of the main reflector is a rotary
parabola and the surface geometry of the secondary reflector is a rotary hyperboloid.
The focus points of the two curve surfaces coincide in the spatial coordinate system, so the main reflector reflects parallel incoming light to the focus point in such a
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Determine the antenna structure gesture

Establish the parameterized FEM
for thermal analysis
Calculate the non-uniform temperature field
of the antenna structure at different time
Calculate the thermal deformation of the
reflector in the non-uniform temperature field
Calculate the surface precision of
the main reflector
Figure 16. Computational flow chart for reflector surface precision under solar radiation.
0.6

8

6

Wind speed 1.5m/s
Wind speed 3.0m/s
Wind speed 4.5m/s

0.5
0.4

5

RMS (mm)

Displacement (mm)

7

4
3

0.3
0.2

2

0
04:00

(a)

Wind speed 1.5m/s
Wind speed 3.0m/s
Wind speed 4.5m/s

0.1

1
08:00

12:00

Time (h)

16:00

20:00

00:00

0.0
04:00

(b)

08:00

12:00

16:00

20:00

00:00

Time (h)

Figure 17. Comparison of maximal nodal displacement and reflector precision under different wind velocities for 5◦ pitch angle. Comparison of (a) maximal nodal displacement and
(b) reflector precision.

configuration. The convergent ray causes the temperature of the secondary reflector to be remarkably higher than that of other components in the structure. This
phenomenon forms the so-called solar cooker, as shown in Figures 20–21.
This paper proposes an innovative method for calculating the solar cooker effect
and the time at which it appears. The stepwise procedure of the method is as
follows:
(1) Decompose the incoming light into N beams, where larger N value indicates
finer accuracy.
(2) Determine the incidence point and calculate the incidence vector and reflection
vector.
(3) Determine and match each beam of the reflected light from the main panel with
the corresponding incoming panel of the secondary reflector.
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(4) Calculate the heat flux from the solar radiation received by each panel of the
secondary reflector.
A map of the proposed algorithm is shown in Fig. 22.
5.3.2 Solar cooker effect results. Based on the parameters and working conditions
described above, the corresponding FEM was used to systematically analyse the
solar cooker effect in the time-history range during rotation operation.
(1) Effect in time-history range. At different times during the day, sunlight enters
the main reflector at different zenith and azimuth angles. As solar cooker effect
is generated, the sunlight reflected by the main reflector enters the secondary
reflector only at certain time points and the phenomenon of focused light forms;
in other words, the solar cooker effect only exists at certain points in the timehistory.
Figure 23(a) shows the maximum temperature and the minimum temperature of the secondary reflector for the 110-m antenna structure by taking a pitch
angle of 90◦ and azimuth angle of 0◦ . The temperature of the secondary reflector
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Figure 20. Sunlight focus effect.

Figure 21. Solar cooker effect.
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Figure 22. Proposed ray tracing algorithm.
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spikes at 11:00 in the morning and reaches its peak value, 101.3◦ C, by noon.
After that, the temperature drops dramatically and returns to its normal state at
13:30. The duration of the whole course of the solar cooker effect is two and a
half hours. Figure 24 shows the temperature field distribution on the secondary
reflector during the duration of solar cooker effect, and Fig. 23 gives the maximal temperature in the time-history of the secondary reflector for models with
different configurations.
(2) Effect in the rotation operation range. When the antenna rotates through various angles during operation, the geometrical relationship between the incoming
sunlight and the main reflector also varies. These variations cause different areas
of the secondary reflector to experience solar cooker effect to varying extent. At
certain times for certain configurations, there are no panels which reflect received
sunlight to any panel of the secondary reflector, and thus no solar cooker effect
whatsoever. As discussed below, the temperature field distribution on the secondary reflector for several models with different configurations was analysed to
determine the solar cooker effects by model.
Table 3 shows the solar cooker effect distribution in the time-history range for different models with different configurations. Table 4 shows the solar cooker effect
distribution in the rotation operation range and the corresponding maximum temperatures. Of the 84 models analysed, 30 models exhibited solar cooker effect.
The appearance time of the effect varied considerably between 5:00 and 18:30; the
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Figure 23. Extreme temperature changes with time at different telescope model postures. (a)
Azimuth angle 0◦ with pitch angle 90◦ ; (b) azimuth angle 90◦ with pitch angle 5◦ ; and (c)
azimuth angle 300◦ with pitch angle 45◦ .
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(a)

(b)

(c)

Figure 24. Temperature distribution of secondary reflector at different time points for solar
cooker effect. (a) 11:00, (b) 11:30 and (c) 12:00.

duration of the effect also differed considerably among different models from half
an hour up to four hours. The maximum temperature of the secondary reflector also
differed from model to model: the lowest maximum temperature was 65.4◦ C and the
highest was 135◦ C.
The solar cooker effect distribution in the time-history and rotation operation
ranges represents a valuable reference for the design of the secondary reflector.
In order to avoid loss of effectiveness or burn-out at extremely high temperatures
and to ensure optimal structure performance, it is necessary to adopt materials that
effectively withstand high temperatures and/or to install thermorytic devices in the
reflector.
Taking the models of pitch angles 5◦ and 90◦ as examples, the distribution mechanism of solar cooker effect showed a few notable characteristics. For the 5◦ model,
the effect occurred at 5:30 and 6:30 where the sunrise provided incoming light
nearly vertical to the surface of the reflector – the solar radiation received by the
main reflector was the highest at that point. For the same model, the effect occurred
again at 17:30 and 18:30 as the Sun set and the antenna structure rotated more than
180◦ (from 90◦ to 270◦ ) compared to the morning time in the azimuth direction. At
that point, the incoming light was vertical to the surface of the reflector and again
the maximum possible solar radiation was received. For the 90◦ model, the effect
occurred at 11:30 and 12:30 where the reflector faced upward while the Sun was
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Table 3. Temporal domain for solar cooker effect under different telescope postures.
5◦

15◦

30◦

Pitch angle
45◦

0◦

–

–

–

–

30◦

–

–

–

60◦

–

–

90◦
120◦

17:30
18:30
–

17:30
18:30
–

15:30
17:00
–

14:30
15:00
15:00
16:00
–

–

150◦

–

–

180◦

–

210◦

60◦

75◦

90◦

10:00
14:00
13:00
15:00
–

10:30
13:30
11:00
14:00
–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

240◦

–

–

–

–

–

–

270◦

05:30
06:30
–

–

–

–

–

300◦

05:30
06:30
–

–

–

–

08:00
09:00
09:00
09:30

–

330◦

07:00
08:30
–

09:00
11:00

10:00
13:00

11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30
11:30
12:30

60◦

75◦

90◦

67◦ C
99.5◦ C
–
–
–
–
–
–
–
–
–
108.6◦ C

104◦ C
95◦ C
–
–
–
–
–
–
–
–
–
89.5◦ C

101◦ C
104.2◦ C
102.6◦ C
100.2◦ C
101.9◦ C
104.8◦ C
102.3◦ C
106.3◦ C
108.8◦ C
99.5◦ C
102.6◦ C
106.7◦ C

Azimuth angle

Table 4. Spatial domain for solar cooker effect at different times of the day.
Azimuth angle
0◦
30◦
60◦
90◦
120◦
150◦
180◦
210◦
240◦
270◦
300◦
330◦

5◦

15◦

30◦

–
–
–
78.8◦ C
–
–
–
–
–
65.4◦ C
–
–

–
–
–
107.5◦ C
–
–
–
–
–
87.4◦ C
–
–

–
–
135◦ C
–
–
–
–
–
–
–
112◦ C
–

Pitch angle
45◦
–
90.2◦ C
124.3◦ C
–
–
–
–
–
114.4◦ C
89.3◦ C

directly above; at that time, the incoming light was also vertical to the surface of the
reflector.
The same mechanism described above applies to other models with other configurations. In effect, the distribution characteristics of the solar cooker effect are
dependent on the geometrical relationship between the incoming light and the surface of the reflector. That is to say, as the Sun rises, sets or is directly above the
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structure, and depending on the pitch angle, any incoming light vertical to the
reflector creates a solar cooker effect.
6. Conclusions
• The FEM of the fully steerable telescope for structural temperature field analysis was established including solar radiation, shadows in the surrounding
environment, periodic air temperature and other factors. Solar radiation, sky
diffuse solar radiation, and heat convection with flowing air are the key factors influencing the non-uniform temperature field of the structure. A simplified
method for calculating the effect of each factor on the structure was proposed
and demonstrated.
• Worst-case weather conditions were selected to conduct parametric finite element analysis for the temperature field of the 110-m antenna structure. The
temperature field distribution in time-history and rotation operation stages under
different wind velocities was analysed. The results showed that direct solar
radiation is the major factor influencing the temperature distribution, though
higher wind velocity brings the reflector temperature much closer to the ambient
air temperature; smaller temperature gradient creates a more uniform temperature distribution. The main reflector surface RMS over the one-day observation
period was also acquired during pitch and azimuth angle changes under different wind velocities. These results may represent a real-time, detailed reference
for actuator adjustment in the future.
• The formation mechanism of the solar cooker effect existing in the Cassegrain
antenna system was explained and an innovative method of calculating it, i.e.
the ray tracing algorithm, was proposed. Using 84 antenna structure models,
the solar cooker effect (combined with time and spatial distributions in the
secondary reflector) was presented. The results showed that the distribution
characteristics of the solar cooker effect are dependent on the geometrical relationship between the incoming light and the reflector surface; solar cooker
effect occurs whenever incoming light is vertical to the reflector during rotation
operation.
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