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Abstract— This paper presents a simple gravity evaluation 
model for large reflector antennas and the experimental example 
for a case study of one uplink array of 4x35-m antennas at X and 
Ka band. This model can be used to evaluate the gain reduction 
as a function of the maximum gravity distortion, and also to 
specify this at system designer level. The case study consists of 
one array of 35-m antennas for deep space missions. Main issues 
due to the gravity effect have been explored with Monte Carlo 
based simulation analysis. 
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I. INTRODUCTION 

REGARDING the increasing number of satellite and 
constelations launches, the improvement of the data 

download capacity is required. As well as in Earth orbits, the 
number of satellites has been increased in Deep Space 
Mission, where the Deep Space Network (DSN) from the Jet 
Propulsion Laboratory of the National Aeronautics and Space 
Administration (JPL-NASA) and Deep Space Antennas 
(DSA) from European Space Tracking (ESTRACK) network 
will be saturated. Thus, new space communication 
technologies such as Ground Station Systems have been under 
development during the last decade. 

This case study has been defined in line with the project in 
[1] where the feasibility of new uplink arrays has been 
analyzed and, calibration challenges covered. Furthermore, the 
analysis has been done to one uplink array of 4x35-m antennas 
at X and Ka band. System requirements were based on 
previous work by NASA for the Deep Space Network Array 
[2]. 

The propagation of 35-m antennas errors over the gain of 
the antenna array in uplink has been studied. The evaluation of 
losses of the array gain response based on Monte Carlo 
simulation [3,4] with information from works presented in 
[5,6,7] is presented. This paper is focused on the model for 
antenna efficiency reduction as a function of the gravity effect. 
The gravity model is based on the expansion of the model 
presented in [11] and [12] for a first mode distortion of the 
antennas surface to obtain the antenna efficiency reduction. In 
addition to the evaluation of a 35-m antenna array, this model 
has been contrasted with the gravity distortion model proposed 
byJPL[8,9]. 

Results of the errors analysis are useful for system designers 
to evaluate the performance of the antenna array, give 

information about the required system, and specify antenna 
array components or sub-systems tolerances presented in an 
error budget. The error analysis starts with the antenna gain 
model represented with the Ishikawa diagram in Fig. 1. 
Tolerances of the system can be better defined by analyzing 
the impact of each antenna errors on the gain loss of the 
antenna array. 

Fig. 1. Ishikawa diagram to express the relationship between error sources 
and antenna array 

The error analysis can be divided in two parts. Part 1 about 
each antenna and, part 2 about the 4x35-m antenna array. 
There is a list of system parameters which have impact on the 
error budget such as the variable gain control performance, the 
antenna distortion due to the manufacturing random errors, the 
gravity effect, phase and gain errors of the system, the phase 
error of the arrayed signals, the phase error due to temperature 
variation, etc. Classifying surface errors fall into two main 
categories [10]: time-invariant panel mechanical 
manufacturing errors Qirms) and panel-setting errors at the 
rigging angle and time-varying errors induced by gravity, 
wind, and thermal effects. 

Regarding the antenna formulation and the goal of an error 
budget analysis, main errors and distortion sources are listed 
in Table I. Note that, one antenna element only includes the 
manufacturing random error contribution and the gravity 
distortion effect. 

TABLE I 
ERRORS AND DISTORTION SOURCES IN ANTENNA AND ANTENNA ARRAY 

One Antenna Element 

1. Manufacturing random errors 
AGiaih^)}. 

2. Gravity distortion effect. 

a. Phase center variation. 

i. Gain variation AG. 

ii. Phase variation AT/J. 

Array of 4x35m Antennas 

1. Manufacturing random errors AG{a(hrms)}. 

2. Gravity distortion effect. 

a. Phase center variation. 

i. Gain variation AG{a(g)}. 

ii. Phase variation Aip{a(g)}. 

b. Phase center error AipL{a(g)}. 

3. Arrayed signals. 

a. Arrayed element location error 
A M f f W } . 

b. System phase error AT/J{<T(/1)}. 



The gravity model has been fitted for larger antenna dishes 
of 35-m diameter with a third order polynomial regression also 
applied for 6 and 12 m diameter antennas. Furthermore, the 
results from the gravity distortion evaluation have been 
contrasted with the JPL model in [8,9] obtaining good results. 

This paper is organized as follows: Section II explains the 
model for evaluation of the gravity effect. Section III presents 
the results of the evaluation of the gravity effect on the case 
study. Finally, in section IV, conclusions of this work are 
listed. 

II. GAIN VARIATION MODEL FOR GRAVITY EFFECT 

The gravity model is based on the distortion model 
presented in [11,12] and presented in equation (1) for one 
antenna. 

A Z : w 3(Mgcp) (1) 

Where 8max is the peak error on the main reflector surface 
due to the gravity distortion. D is the diameter of the main 
reflector. Mg is the modal index related with the spatial 
variation of the distortion, p is the radial distance to the 
symmetry axis (z). Finally, cp is the angle between the vector 
of the radial distance and the X axis. 

The gravity model with the first mode (Mg = 1) of 
distortion [13] has been fitted for larger antenna dishes of 35-
m diameter with a third order polynomial equation. The 
equation (1) was solved for 6 and 12 meters antennas and 
GRASP (TICRA) simulations have been performed to obtain 
the efficiency reduction model then fitted for 35-m antennas. 

The maximum gravity error emax for simulations in this 
work is 1.1 mm. Thus, the gravity distortion model for DSA 
35-m antennas can be expressed in terms of the reduction of 
the antenna efficiency as presented in equations (2) and (3) for 
Ka and X band, respectively. 

ATiaKa(smax) =-0.12578-s 

0.08969 s 
max 

2 + 
max ' 

0.006455 -s„ 

A r l a X ( S m a x ) = 5.027 x 10~4 • 

0.00103 -s 2 

(2) 

(3) 

- 0.000711 s„ -1 

Following, equation (4) from [8] is used to generate gain 
versus elevation curves. The gain values are referenced to the 
feed horn aperture so different configurations will have the 
same gain values. 

G(9) = G 0 - G 1 ( e - Y ) 2 A. 
s in (9 ) 

[dBi] (4) 

Where y is the angle at which the antenna has been 
previously compensated for gravity distortion (y = 45 in this 
case study). For validation of the gravity model, G1 in 
equation (4) can be estimated as the ratio between the 
undistorted and the distorted antenna gain at Gant(90°) as 
follows 

G i 
G 0 - G m t ( 9 0 ° ) 

(90 - y ) 2 
(5) 

Gant(90°) in term of the antenna efficiency reduction at 
e can be expressed as follows 

G a n t ( 9 0 ° ) = 1 0 - l o g l 0 Tla -ATla(Smax)l «T 
A. i 

(6) 

G0 is the antenna peak gain calculated using the Ruze 
formula from [14]. 

G 0 = 1 0 . 1 o g l 0 K | ^ - 4 . 3 4 3 - p ^ (7) 

III. RESULTS OF THE GRAVITY EFFECT EVALUATION 

A. Validation of the proposed model for gravity effect 

Results from the gravity distortion model have been 
contrasted with the model proposed by JPL [8,9] in Fig. 3. 
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Fig. 3. Gl versus antenna diameter (smax = 1.1 mm) 



Fig. 3 shows the validation of the third order equations 
proposed to estimate the reduction of the antenna efficiency 
contrasting Gl values of 34 and 70 m antennas of Madrid, 
Goldstone, and Camberra, to those Gl values of the analyzed 
antennas of 6, 12 [3], and the 35-m antennas of this case study. 

The Gl value estimated for the 35-m antenna fulfills the 
expected Gl value of the proposed model by JPL as depicted 
in Fig. 3. Data for the 70 m diameter antenna has been found 
only for X band, while the 34-m diameter antenna has 
available data for X/Ka bands operating mode. Furthermore, 
results depicted in Fig. 3 shows good results also for the 
estimated Gl values of 6 and 12 meters antennas. 

The gain G0 values of the undistorted 35-m antenna with 
hrms = 0 mm are 68.66 dBi (rja= 67.2%) and 79.83 dBi (rja= 
61%) for X and Ka band, respectively. 

B. Gain variation 

Before arraying, Fig. 4 shows results for both mean values 
of maximum gravity error and its standard deviation related to 
the gain loss of one large reflector antenna using equations (2), 
(3), and (4). 
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Fig. 4. Gain loss due to gravity effect as a function oi£max and <7 

For Monte Carlo simulation, the gain loss due to gravity 

effect is estimated using one random vector with Gaussian 
distribution, standard deviation, and the mean value relative to 
the gravity error at the maximum gain loss (equation 6). 

Fig. 4.b shows results for Ka band. In this case, the model 
of equation (3) has an undesirable behavioral farther than an 
standard deviations equal to 0.4 mm (a > 0.4 mm) and a 
maximum gravity distortion of 1.3 mm (emax > 1.3 mm) due 
to the third order of the fitted model. Thus, the range of 
standard deviation and maximum gravity distortion error is 
reasonable to be equal lower than 0.4 and 1.3 mm, 
respectively. 

Fig. 5 shows the estimated mean value of the gain loss of 
the antenna array for X and Ka band simulations as a function 
of the maximum gravity error and hrms = 0.34 mm. 
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Fig. 5. Gain variation due to gravity effect as a function of £max and <7 

The study of the errors propagation is an important task of 



the analysis with the antenna array model Y (see Fig. 1). In 
many cases, Y is not measured but an estimation of the 
measurand or output quantity y can be estimated for design 
purposes. This estimation can be done from L other quantities 
x±, x2, x3,..., xL with a given relation y = f(x±, x2, x3,..., xL) 
[15]. 

CONCLUSION 

Extensive Monte Carlo simulations have been done to 
analyze the propagation of the gravity effect in the 35-m 
Antenna Array. The model for evaluation of the antenna 
efficiency reduction due to gravity effect on 34-m antennas 
proposed has been contrasted with the gravity distortion model 
proposed by the Jet Propulsion Laboratory (JPL). 

Results of errors analysis simulations are useful for system 
designers to evaluate the performance of the antenna array, 
and gives information about the required system tolerances 
and specification of the antenna array components or sub­
systems. 
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