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Abstract: The airports construction level is improved and the construction scale is constantly expanded with the rapid 

development of society, economy and science and technology, which brings a good development prospect for aircraft towing 

tractors. On the basis of summarizing the current research and application of aircraft towing tractors, the traction characteristics 

of towbar and towbarless aircraft tractors were analyzed, and the mechanical, electric, hydrodynamic and hydraulic transmission 

automatic control system were compared. The composition, working principle and application of hydraulic steering control 

system, hydraulic braking control system, hydraulic clamping and lifting mechanism and hydraulic hybrid power system of 

aircraft towing tractors were emphatically discussed. The results show that the configuration of towbarless traction is flexible and 

the traction capability is strong. Hydraulically controlled aircraft towing tractor has good traction, braking and control 

characteristics. Electronic hydraulic braking system is precisely controllable, and the hydraulic hybrid technology is beneficial to 

reduce the energy consumption of aircraft towing tractors. The demand for aircraft towing tractors is increasing with the 

expansion of the airport distribution and construction, on the basis of constantly improving the existing aircraft towing tractor 

and according to the needs of airport operation, it is necessary to adopt innovative technology to develop energy-saving, 

environment-friendly and intelligent aircraft towing tractors, so as to adapt the development needs of aviation industry. 
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1. Introduction 

Aircraft towing tractor is a kind of special airfield ground 

vehicle used for pulling or pushing aircrafts. Its transmission 

control system includes mechanical, electric, hydrodynamic 

and hydraulic transmission. The mechanical transmission 

was used in early aircraft towing tractors, but it has been 

rarely used because of its poor flexibility and other 

shortcomings. Electric power transmission is mainly used in 

small and medium-sized aircraft towing tractors due to the 

influence of transmission power and the battery life. 

Hydraulic transmission is main used in the aircraft towing 

tractors [1-3], it is connected by flexible pipe, it has flexible 

structure and a wider range of stepless speed regulation, 

better dynamic braking characteristics, superior to the ability 

of overload protection and a continuous transformation 

output [4-5]. 

Lufthansa and Krauss Maffei manufactured the world's 

first towbarless aircraft tractor in the early 1980s. So far, the 

more famous are Douglas company in UK, GHH company in 

Germany, TLD company in France, FMC company in the 

United States, IAI company in Israel and so on. Some 

manufacturers in China have begun to produce aircraft 

tractors since 1990s. At present, some Chinese enterprises in 

Beijing, Qingdao, shenzhen, shenyang, weihai and other 

places can produce small and medium-sized aircraft towing 

tractors. 

According to the application of aircraft towing tractor, the 

characteristics of towbar and towbarless aircraft tractor were 

discussed. The main transmission modes of aircraft towing 

tractor were compared and analyzed, and on this basis, 

hydraulic steering control system, hydraulic braking control 

system, hydraulic clamping lifting mechanism and hydraulic 

hybrid power control system of aircraft towing tractor were 

discussed in detail. 
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2. Traction and Transmission Control 

Modes of Aircraft Towing Tractor 

2.1. Traction Modes 

According to the connection between aircraft and aircraft 

towing tractor, the traction mode of aircraft towing tractor 

can be divided into towbar and towbarless traction. Towbar 

traction has been applied in civil aviation airports for a long 

time. The aircraft and the tractor are connected by the 

traction bar to control the movement of the aircraft under the 

push or pull action of the traction bar. The traction bar has 

torsion shear and buffer device, which can transfer traction 

force and reduce the impact between the tractor and the 

aircraft. The towbarless tractor cancels the traction rod and 

uses its clamping lifting device to directly connect with the 

landing gear of the aircraft. At present, it has developed 

rapidly and has become the main traction of the aircraft 

towing tractor [6-8]. The relationship between the aircraft 

towing tractor and the aircraft is shown in figure 1. 

 
Figure 1. Relationship between aircraft towing tractor and aircraft. 

By comparing the interaction between the aircraft towing 

tractor and the aircraft, the characteristics of towbar and 

towbarless traction are shown in table 1. 

Table 1. Characteristics of towbar and towbarless traction. 

Type of traction Advantage Disadvantage 

Towbar 

(1) Structure, control and drive are simple and flexible, low 

production cost. (2) The tractor is not directly contacted with the 

aircraft, so it is not necessary to consider the adaptability of the 

connection device. The aircraft can be pulled as long as there is a 

corresponding traction bar and appropriate traction force. (3) It 

can be used to pull aircrafts and also be used to carry other 

equipments through the connection of the traction bar. 

(1) In the traction process, the turning radius is large and the 

traction speed is low. The installation and disassembly of the 

traction towbar need a specially-assigned person, the operation 

is complex and the working efficiency is low. (2) Different 

types of aircraft should generally be equipped with different 

traction towbars. The application scope is limited. (3) The 

tractor is heavy and the energy consumption is high. 

Towbarless 

(1) The overall length of the unit is shortened, the traction turning 

radius is small, and the traction speed is fast. (2) The tractor is 

light, energy consumption is lower. (3) The traction process can be 

completed by the driver of the tractor, the operation is easy. 

(1) The structure is complex, special transmission and control 

components are required, the cost is high. (2) Only specified 

aircrafts can be towed, the range of use is limited. (3) The 

towbarless tractor shall be equipped with a set of traction 

limiter to prevent the aircraft from being damaged due to 

excessive traction and braking force on the landing gear. 

 

From the development trend, towbarless traction will 

become the main form of aircraft towing tractor. The main 

characteristic of the towbarless aircraft tractor is that 

hydraulic drive is used and the main power source is the 

internal combustion engine, it can meet the needs of 

multi-type aircraft traction. In order to meet the 

comprehensive guarantee of various working conditions, 

aircraft tractor will develop towards the direction of high 

efficiency, energy saving, emission reduction and intelligence. 

In the future, aircraft tractor can be designed into highly 

integrated intelligent products such as machine, electricity, 

liquid and gas through intelligent vehicle technology [9]. In 

addition, the aircraft is automatically towed to the corridor 

bridge by an unmanned aircraft tractor after landing through 

unmanned driving technology [10], and it can be directly sent 

to the runway by an unmanned vehicle when the aircraft 

leaves the tarmac, which can save a lot of fuel, improve the 

utilization rate of the vehicle, and reduce energy consumption. 

With the continuous expansion of airport construction scale, 

it has a broad prospect to develop a new generation of 

aircraft tractor combined with the intelligent automobile and 

unmanned driving technology. 

2.2. Transmission Control System 

There are four main transmission control system for 

aircraft towing tractor, i.e. mechanical, electric, 

hydrodynamic and hydraulic. Mechanical transmission has 

been rarely used due to the impact of shifting, large parts, 

cumbersome and other reasons. Because some key parts of 

electric transmission have not reached the practical degree, it 

is mainly used in small tractors, and will be applied to 

medium tractors in the future. Hydraulic transmission is 

gradually becoming the mainstream transmission mode of the 

large and medium-sized aircraft towing tractors due to the 

wider infinitely variable speed range, better power braking 

characteristics, superior overload protection and the ability to 

continuously transform the output power [11-12]. The 

characteristics of the four transmission control systems are 

shown in table 2. 

Table 2. The characteristics of aircraft towing tractor transmission control system. 

Transmission control system Advantage Disadvantage 

Mechanical control system 
(1) Simple structure, mature technology, less 

precision parts, lower price. Maintenance and repair 

(1) Gear transmission has shifting impact, starting is not 

gentle, it is adverse to smooth traction. Shifting is 
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Transmission control system Advantage Disadvantage 

is easy. (2) High transmission efficiency, the change 

of output speed with the load is small. The failure rate 

is low, and the requirements for operation conditions 

are not strict. (3) The match with the engine is strict, 

and the engine can be used to brake in a certain speed 

range. 

accompanied by power interruption, so the efficiency is low 

for vehicles with frequent shifting. (2) A longer pull rod is 

usually used, overall layout is limited, and the scheduling is 

not flexible, operation is cumbersome. It is difficult to realize 

remote control and automatic control. (3) The load varies 

greatly, it is easy to cause a sudden change in engine speed. 

The engine is easy to stall when overload is running. 

Electric control system 

(1) The motor and generator are connected by flexible 

cable, which is more convenient than hydraulic pipe. 

The association degree with microelectronic 

technology is high, and it is easy to achieve automatic 

control and remote control. (2) Stable engine 

operation, low fuel consumption, small pollution and 

long life. (3) Easy to realize internal combustion 

engine and battery hybrid mode drive. 

(1) Power density is small, it is mainly used for small 

towbarless tractors. (2) The motor is large and heavy, the 

structure is very cumbersome and complicated. (3) Nonferrous 

metals and other special materials are consumed more than 

others, the price is higher. (4) It is difficult to solve the 

problems of anti-jamming and electromagnetic compatibility. 

Hydrodynamic control system 

(1) The output speed and torque can be maintained 

within a certain range. The output torque can be 

automatically increased when the load increases. (2) 

Automatic gearbox is equipped, operation conditions 

are significantly better than mechanical transmission. 

(3) The shifting number of times is obviously less 

than the mechanical transmission, and the invalid 

time of power interruption is shortened. (4) The 

torque converter can absorb the impact load, avoid 

the overload, and extend the working life of the 

engine. 

(1) The torque of hydraulic converter is small, and the sudden 

change of gearbox transmission ratio still exists. The matching 

between torque converter and engine are very demanding, the 

versatility is poor. The structure is more complicated than the 

mechanical transmission and the cost is higher. (2) The 

maximum output torque can only be obtained when the engine 

speed is the highest, but the efficiency is very low when the 

engine speed is low and the torque is high, which is not 

conducive to energy saving, emission and noise reduction. (3) 

The power braking ability is poor, the driving brake works 

frequently and wears quickly. (4) It is difficult to arrange the 

structure in the towbarless tractors with four-wheel drive. 

Hydraulic control system 

(1) The input and output components are connected 

by flexible pipes. Starting, speed regulation and 

reversing are soft and fast, the micro feature is 

excellent. (2) The traction force and the speed 

adjustment characteristics are good, the vehicle can 

produce high output torque in low speed. The engine 

can run in stable and efficient conditions, which is 

beneficial to energy saving, emission reduction and 

engine life extension. (3) Controllable braking can be 

achieved by power transmission from maximum 

speed to full rest. The braking torque is equivalent to 

the driving torque, which is less likely to cause wear 

of the components. 

(1) Precision components, high manufacturing technology, 

high cost. (2) Steady-state transmission efficiency is low, 

which is not suitable for long distance stable driving vehicles. 

(3) The maintenance is more complex, and the maintenance 

technical level is high. 

 

3. Hydraulic Transmission Control 

System of Aircraft Towing Tractor 

3.1. Hydraulic Steering Control System 

The steering control system of aircraft towing tractor 

includes front wheel steering, four-wheel centripetal steering 

and four-wheel crab steering. Steering system is mainly 

composed of steering pump, steering device, electromagnetic 

reversing valve, constant flow valve, hydraulic control 

one-way valve and steering cylinder. In order to keep the 

steering oil pipe is filled with oil, hydraulic control one-way 

valve is used to guarantee the synchronous movement of 

steering wheel. The front and rear wheels can be returned to 

the center position through the resetting device to ensure the 

correct driving direction of the vehicle [13]. 

According to the front and rear axle steering cylinder 

connection, hydraulic steering system can be divided into 

series and parallel. The series form mainly consists of 

hydraulic pump, steering device, front axle steering cylinder, 

rear axle control valve group and rear axle steering cylinder. 

The rear wheel steering responds faster because the oil in the 

front axle steering cylinder does not return to the hydraulic 

tank but directly reaches the rear axle steering cylinder. 

However, the series steering may have the problem of lag of 

the rear wheel steering due to the leakage of hydraulic 

components in different degrees. The parallel circuit is 

mainly composed of hydraulic pump, steering device, 

steering mode control valve group, two-way overload valve 

group, front axle steering cylinder and rear axle steering 

cylinder. When the steering control system works, the 

hydraulic oil flows through the steering mode control valve 

group, and then flows to the front axle steering oil cylinder 

and the rear axle steering oil cylinder independently through 

the shunt valve. The return oil circuit of the front axle 

steering oil cylinder is directly connected to the oil tank and 

relatively independent [14-15]. 

3.2. Hydraulic Brake Control System 

The hydraulic braking control system of aircraft towing 

tractor is mainly composed of hydraulic pump, one-way 
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valve, electromagnetic reversing valve, pressure switch, 

accumulator, manual pump, hand brake valve, foot brake 

valve, shuttle valve and relay valve. The brake safety can be 

guaranteed by double circuit brake valve. The two spool 

valves in the double circuit brake valve are mechanically 

connected and protected by two accumulators. When braking 

is completed, the oil returns to the tank through the brake and 

relay valve. If one of the braking circuits fails, the second can 

continue to operate to ensure braking safety. 

With the development of automobile intelligence, the 

traditional brake system can not meet the requirements of the 

vehicle control system. Line control technology has 

developed rapidly, such as automatic emergency braking 

system and advanced driving assistance system. Line control 

system can be divided into electromechanical braking system 

and electronic hydraulic braking system. Electronic hydraulic 

braking system is an important development direction of the 

automobile braking system, its main characteristic is to 

replace some mechanical parts in traditional braking system 

with electronic components. Electronic hydraulic braking 

system retains the original mature and reliable hydraulic parts, 

with the advantages of compact structure, rapid response, 

accurately controlled braking force, and it is easy to achieve 

a variety of active safety control functions. Many 

well-known vehicle and parts companies, such as German 

Bosch, Continental LSP, Daimler Chrysler, American TRW, 

Delphi, Japanese Hitachi, Honda, Toyota, Korean Mando, 

etc., have put forward the electronic hydraulic braking 

system scheme and its hydraulic pressure control method, 

and carried out simulation and experimental research [16]. 

Tsinghua university, Jilin university, Tongji university, 

Nanjing university of aeronautics and astronautics, Wuhan 

university of technology, Jiangsu university and others in 

China have carried out simulation or bench test research on 

the electronic hydraulic braking control system [17]. 

The main factors affecting the energy consumption 

characteristics of electronic hydraulic braking control system 

include braking intensity, the maximum and minimum 

working pressure, air pressure of accumulator, accumulator 

effective displacement and brake wheel cylinder piston 

diameter. The energy consumption of electronic hydraulic 

braking system is affected by the strength of braking and 

braking wheel cylinder piston diameter. Reducing the 

maximum working pressure of the system and the piston 

diameter of the braking wheel cylinder is beneficial to 

reducing the power consumption of the electronic hydraulic 

braking system. The change of the minimum working 

pressure of the system and the effective displacement of the 

accumulator has little influence on the energy consumption 

of the electronic hydraulic braking system. Increasing the 

charging pressure of the accumulator, reducing the effective 

displacement of the accumulator and reducing the piston 

diameter of the brake wheel cylinder are beneficial to 

reducing the volume of the accumulator. 

3.3. Hydraulic Clamping and Lifting Mechanism 

Clamping lifting mechanism can be divided into clamping 

mechanism and lifting mechanism. It is the part directly 

connected with the towbarless aircraft tractor, and it is also 

the key mechanism of the towbarless aircraft tractors. 

Clamping mechanism includes four forms, i.e. rotary 

clamping type, symmetric orbital type, asymmetric orbital 

type and orbital spring type. Symmetric orbital type and 

rotary clamping type are more commonly used [18]. German 

Goldhofer company produces special ground equipments for 

airports, its towbarless tractor mainly includes AST-1 and 

AST-3 series, AST-1 adopts symmetrical rotary clamping 

mechanism and AST-3 adopts symmetrical track clamping 

mechanism. 

The clamping lifting mechanism of towbarless aircraft 

tractor is mainly composed of clamping mechanism, bearing 

lifting platform, hinge head, hydraulic cylinder and other 

components. When the aircraft is docked with towbarless 

tractor, the aircraft landing gear enters the clamping lifting 

device of the tractor by the hydraulic cylinder lifting action. 

The front wheel of the aircraft is completely fixed with the 

lifting platform by the hydraulic clamping device, and is 

clamped and lifted to a certain height by the lifting device 

which is driven by the lift hydraulic cylinder. 

In order to adapt the using of A380, Douglas began to 

develop the TBL-600 aircraft towing tractor in 2005, its 

clamping mechanism adopts the single-side rotary clamping. 

The German SPACER series hydraulic system provides 

constant pressure support to the left and right wheels of the 

front landing gear, this configuration serves as a safety 

protection for the nose landing gear. With the improvement 

of the automation of the towbarless aircraft tractor, Schopf 

has developed a semi-automatic aircraft tractor, the driving 

clamping mechanism is adopted. During the process of 

clamping and traction, the aircraft wheel always keeps 

contact with the ground and rolls. Guangtai company has 

proposed a new type of towbarless tractor, which can restrain 

the front landing gear wheel at least three points at the same 

time when clamping the aircraft front landing gear, thus 

improving the safety of traction. 

3.4. Hydraulic Hybrid Control System 

Hybrid electric vehicles can recover energy and store it 

during braking, and the energy is released during starting and 

accelerating, thus achieve the purpose of energy recovery and 

reuse [19-20]. This is the energy saving mechanism of 

hydraulic hybrid system [21-22], when the tractor needs to 

brake or slow down, the secondary element (hydraulic 

pump/motor) works in the state of hydraulic pump, the 

braking energy of the tractor is stored in the hydraulic 

accumulator in the form of high pressure hydraulic oil by 

compressing the gas in the accumulator, the vehicle's kinetic 

energy is converted to the form of hydraulic energy stored in 

the accumulator. When the tractor starts up again and 

accelerates, the accumulator releases energy, and the 

hydraulic oil flow through the secondary components to drive 

the tractor, the energy is converted from the form of 

hydraulic energy to the kinetic energy, thus reducing the 

engine fuel consumption. 
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Compared with electric hybrid vehicles, hydraulic hybrid 

vehicles overcome the problems of low energy recovery and 

battery affected by temperature, it has the advantages of long 

life, high reliability, easy maintenance, simple structure, high 

power density, flexible layout and so on. More and more 

attention is being paid to hydraulic hybrid vehicles with the 

development of vehicles towards energy saving and emission 

reduction [23-25]. Fanwei [26] used dynamic programming 

algorithm to optimize the control of hydraulic hybrid vehicle, 

established the objective function of engine energy 

consumption, and obtained the optimal parameters of energy 

consumption of hydraulic hybrid engine by optimizing the 

objective function. Aishwarya [27] studied the minimum fuel 

consumption strategy of hydraulic hybrid power, and 

established the fuel consumption model of hydraulic hybrid 

power vehicles. Sebastien [28] studied the optimal fuel 

control strategy for hydraulic hybrid vehicles based on the 

optimal control theory, and improved fuel economy through 

simulation and analysis of the optimal control effect. 

Hydraulic hybrid power is a new type of power system 

based on secondary regulation hydrostatic transmission 

technology, the hydraulic hybrid power system can be 

divided into serial type and parallel type structures according 

to the connection between the main power source and the 

secondary components [29-30]. The comparison between the 

serial type and parallel type is shown in table 3. It can be 

seen that the overall performance of the serial type hydraulic 

hybrid power system is superior to the parallel type. By 

combining and changing the two basic structures of serial 

and parallel, the mixed structure and wheel side driven 

structure can be obtained [31-32]. 

Table 3. Comparison of parallel and serial hydraulic hybrid control system. 

Type Engine efficiency 
Kinetic energy 

recovery efficiency 
Energy conversion efficiency Control performance Weight 

Parallel 

The operation mode is almost 

the same as traditional vehicles, 

and the overall efficiency is 

limited. 

Parallel and serial are the 

same energy recovery 

system, the recycling 

efficiency is basically 

the same. 

Mechanical transmission is still 

needed, energy conversion 

efficiency is low. 

The engine system and the 

hydraulic system need to be 

controlled separately, which 

is more complicated. 

Heavy 

Serial 

The vehicle engine is only used 

as the power output to drive the 

hydraulic pump, which has 

higher efficiency. 

The hydraulic system 

provides power output 

for the vehicle, the 

power is high. 

The energy conversion is 

completed by hydraulic system, the 

conversion efficiency is high. 

The hydraulic system is 

connected with the vehicle 

engine, the control is 

relatively simple. 

Light 

 

4. Conclusions 

1) The towbarless traction can make the aircraft and the 

tractor become a whole one, which can avoid the 

damage of the traction bar to the aircraft when the 

tractor is turning, starting and accelerating. At the same 

time, a part of the weight of the aircraft can be used to 

increase the traction force of the tractor and improve the 

traction capacity. 

2) Hydraulic drive aircraft tractor has good traction, 

braking and control characteristics. It can easily adjust 

the relationship between traction force and vehicle 

speed. It can work for a long time under the condition 

of low speed and large traction force. The power 

transmission is soft, and the impact on the aircraft is 

small. 

3) Electronic hydraulic braking control system is the 

development trend of hydraulic braking system, it has 

the advantages of fast response, accurate and 

controllable braking. Hydraulic hybrid technology can 

realize the quick and effective recovery and release of 

braking energy in a short time. The application of 

hydraulic hybrid power technology in aircraft towing 

tractor can reduce the energy consumption of the 

tractor and realize the energy saving and emission 

reduction. 

4) Aircraft towing tractor will develop towards the 

direction of high efficiency, energy saving, emission 

reduction and intelligence to meet the needs of various 

airport conditions. With the expansion of airport 

construction scale, the demand for aircraft towing 

tractor will continue to increase. The development of 

aircraft towing tractor with high energy saving, low 

emission pollution and high intelligence is an important 

development direction in the future. 
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