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Abstract. Most of radar apparatus equipped from the 1980s to the early part of this century were 
mainly manual and hydraulic leveling which were time-consuming and of low leveling precision. 
Thus, to avoid these problems, this paper attempts to design a leveling mechanism, which is driven 
by AC servo motor and supported by ball screw with high transmission efficiency and carrying 
capacity. Meanwhile, a new method of braking and self-locking composed of motor braking and 
single direction non-return bearing is introduced in the paper. This leveling mechanism with the 
characteristics of small volume, simple structure and high efficiency is of universality and 
portability. 

Introduction 
In recent years, local war under modern high-tech conditions has a growing demand to the radar 
mobility which is a reflection of the ability to rapidly conceal and relocate. Generally, the 
requirements of radar mobility include erect-fold and leveling time, the number of operating 
personnel and delivery unit, position adaptability etc.[1]. For this reason, the problem associated 
with radar leveling has been of interest to investigators for a long time, and increasing attention has 
been paid in recent years to the development of the reliable and automatic erect-fold and leveling 
radar apparatus, which is beneficial to the improvement of radar mobility. 
Currently, all the new radar apparatus have automatic erect-fold and leveling function, as well as 
high mobility. However, from the 1980s to the early part of this century, most of radar apparatus 
were mainly manual and hydraulic leveling. The manual leveling is the earliest way by which the 
operators adjust a screw again and again through observing the bulb of level. This method is time-
consuming and the leveling precision is not high. In recent years, the automatic leveling methods 
have been developed very quickly, including hydraulic leveling and mechatronic leveling system. 
The hydraulic leveling has many advantages compared with the manual leveling, which includes 
heavier load, higher precision and shorter time. However, there are many shortcomings for the 
hydraulic system, such as low sensitivity, long respond time, difficult maintaining, high cost and oil 
leaking [2]. Obviously, these methods cannot meet the current requirements for information under 
the condition of power-driven warfare, and severely reduce the radar battlefield survivability. There 
exist some prominent problems such as time-consuming, more operators and lower precision. 
In order to solve the problems described above, another automatic leveling method is discussed in 
this paper. The mechatronic leveling method has many advantages compared with other leveling 
methods. For example, the required time is very short, action is more sensitive, precision and 
reliability is higher, and maintenance is easier [3]. It is the particular intention of this paper to 
remark upon the design of erect-fold and leveling mechanism for the improvement of radar mobility. 

Structure design of leveling mechanism 
Leveling mechanism is an important part of leveling system. The radar vehicle and leveling 

system is shown in Fig.1, which is composed of leveling mechanism, tilt sensor, controller and 
motor driver. 
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1. operation control terminal, 2. support and leveling unit, 
3. motor driver and control unit, 4. tilt sensor 

 
Fig.1: The diagrammatic sketch of leveling system 

 
The working principle of automatic leveling system is shown in Fig.2. When the system is 

working, the communication port will transport vehicle angle signal which is detected by tilt sensor 
to controller. Then, the motor is driven by controller to control the lifting and drop of legs, and 
maintain the level of vehicle platform lastly. 
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Fig.2: The process of leveling 

 

1.1 Constitution and working principle of mechanism 

As Fig.3 shows, the leveling mechanism is composed of servo motor, reducer, reduction gear, ball 
screw, lock mechanism and other components. Firstly, the motor reduces rotate speed through 
reducer and gear, then drives ball screw to rotate, when screw rotates, the screw nut moves up and 
down at the same time, accomplishing the rise and fall of vehicle. 
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Fig.3: The constitution of leveling mechanism 

1.2 Design of main machinery component 

2.2.1 Design and select ball screw 
i) Select screw. 
According to the load and structure of vehicle, the maximum axial load of single leg is calculated. 

Then, the medium diameter of ball screw can be calculated according to axial strength as follows[4]. 
[ ]( )( ) 2/1

2 /8.0 pFd ψ≥                                  (1) 
Where d2 is the medium diameter of screw, F is the maximum axial load of single leg, ψ is the 

ratio of height and medium diameter of screw, and [p] is the allowable pressure of screw. 
Meantime, according to the condition of losing stabilization, the bottom diameter of screw can 

be calculated [5]. As follows, 
4 342

3 )/(1064 EfFKLd ky π−×≥                        (2) 
Where, d3 is the bottom diameter of screw, K is the stability safety factor of screw, fk is the 

support factor of screw, E is the elastic modulus of screw, and Ly is the length of screw, chosen by 
structure of screw. 

Considering both the two effects, to meet the actual needs of structure, the ball screw is chosen 
by Handbook of Mechanical Design. 

 
ii) Life checking of screw 
The life of screw can be calculated as follows [6]. 

)(10)/( 6 rFCL ah ×=                                 (3) 
Where Ca is the dynamic load rating of screw, Lh is the life of screw, and generally the 

allowable life of screw is assigned the value Lh=5×106. Therefore, it will be accepted as long as the 
Lh is less than the allowable life.  

 
iii) Stability checking of screw 
The ball screw will be compressed by axial force, so the deflection of screw can be calculated as 

follows [5]. 

ES

FP
L =∆                                                   (4) 

Where S is the minimum cross-sectional area of screw, and P is helical pitch of screw. It will be 
accepted as long as the deflection of screw is less than the allowable standard. 

2.2.2 Design of braking and self-locking device 

Radar vehicle should maintain a constant height and not be dropped after it rises to desired 
location, even if losing power. However, the ball screw has high transmission efficiency without 
self-locking function, so it need lock mechanism to prevent inverse driving with power interruption. 
This paper applies motor braking to function together with single direction non-return bearing 
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which cooperates with frictional damping device[7], as is shown in Fig.3. 
The brake has no effect when motor is working, but once the motor loses power, the brake 

immediately achieves mechanical brake, to prevent decline of vehicle. In the meantime, in order to 
play a dual role in ensuring the safety of radar at work, this paper adds single direction non-return 
bearing which only allows one-way rotating, reverse braking in the view of structure design. 

2.2.3 Design other part of device 

1) Choose servo motor 
Step1: According to design requirement, the axial movement speed of screw is known, so the 
rotation rate of screw can be calculated.  

n0=60V/S  (r/min)                                          (5) 
Step2: According to the axial load and movement speed of screw, the minimum output power of 
screw can be calculated.  

VNP 2min =                                              (6) 
Step3: The transmission efficiency of leveling mechanism is known as follows. 

η=η1η2η3                                                   (7) 

Where, η1 is the transmission efficiency of screw, η2 is the transmission efficiency of reducer 
system, η3  is the transmission efficiency of other part. 
Thus, the minimum working power of motor can be calculated. 

P0min=Pmin/η                                                 (8) 

Lastly, the motor can be chosen by n0 and P0min . 
2) Design of reducer system 
In order to meet the design requirements, it needs to add the reducer system between the motor and 
ball screw, the planetary gear reduction and cylindric spur gear are applied in this leveling 
mechanism. The rotation rate of motor and screw are defined as n1, n0, so transmission ratio can be 
calculated as follows. 

i= n1/n0                                                     (9) 
Thus, the reducer system can be designed by distributing the transmission ratio. 

The realization of erect-fold and leveling 
This mechanism has semi-automatic and automatic modes which are used for erect-fold and 
leveling, the main mode is automatic leveling. The work is carried out in three major sections, fig.4 
shows the flow chart of erect-fold and leveling. 

 
 

Fig. 4: The flow chart of erect-fold and leveling 
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Conclusions 
The design and application of external and independent automatic leveling mechanism can not only 
shorten the time of preparation and erect-fold for the early radar, but also improve the mobility of 
radar fundamentally. This article focuses on the structural analysis and design of erect-fold and 
leveling mechanism. The ball screw driven by servo motor has high transmission efficiency and 
bearing capacity, and the innovation lies in the combination of motor braking and single direction 
non-return bearing function to achieve braking and self-locking. Practices show that it has many 
advantages over common overrunning clutch, such as compact structure, high reliability and 
flexible mobility. However, due to paper length limited, the electric control of leveling device is not 
involved in this paper. Furthermore, the mechanical structure needs to be further optimized, so that 
it has a broader universality and portability in a variety of conditions. 
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