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Abstract--- Automated Manual Transmission as the name 

suggests is a manual transmission with clutch and gear 

actuation done with help of actuators, either 

electromechanical or hydraulic. The whole AMT system has 

a control strategy to decide the actuation of actuators. 

Actuators are the only parts which are responsible to carry 

out required actuation physically as per command from 

control strategy. Therefore proper selection of actuator 

based on cost, control and service life are important. The 

objective of this paper is to finalize the required 

specifications and selection of suitable type of actuators. 

The selected actuators will be used to develop a low cost 

AMT system and which forms the main aim of the project 

work.    

Keywords:-AMT, Automated Manual Transmission, 

Transmission, actuators. 

I. INTRODUCTION 

AMT is a clutch-less (without clutch pedal) manual 

transmission system which uses electronic sensors, 

processors and actuators (hydraulic or electro mechanical) to 

do clutch actuation and gear shifts as per command of the 

driver. Fig. 1 shows that AMT system uses a conventional 

manual transmission, actuators and control unit to automate 

the whole process. Fig. 2 shows a control architecture 

system of AMT. The system consists of three sections of 

sensors, processors and actuators. The processor, TCU 

(Transmission Control Unit) gets the input signals from 

various sensors like Gear position sensor , Clutch position 

sensor , brake position sensor , transmission output speed 

and also vehicle related signals like torque requirement , 

engine speed and throttle position from ECU ( Engine 

control unit). The TCU has a control strategy which on 

receiving the input signals, generates the output signals to 

clutch actuator and gear shifting actuator. [1] 

 Various research work have been done of  type of 

actuators used which includes electromechanical  to 

hydraulic  actuators. The later being the most used in 

automotive industry [2][3][4]. There are three actuators in 

our system. Two actuators are required for gear shift and 

select actuation whereas single actuator is required for 

clutch actuation. All these three actuators together complete 

the selection of gear as per command from TCU. 

 
Fig. 1: AMT System 

 
Fig. 2: Control architecture of AMT 

II. CLUTCH ACTUATOR SPECIFICATION 

Vehicle considered in this project is a small car which uses 

single plate clutch and 4 speed manual transmission. Fig. 3 

below shows the single plate clutch system. 

 
Fig. 3: Clutch System 

The flywheel is a simple disc with a thick rim 

having a flat face, into which is screwed six studs A. These 

studs carry a thick plate B, which is thus fixed to the 

Flywheel as regards rotation; it is, however, free to slide 

axially along the studs. In between the plate B and the 

flywheel is situated the driven plate F; this is riveted to the 

flange of a hub G, which is connected with the clutch shaft 

C by spline E. When the parts are disposed as shown there is 

no tendency for the flywheel to turn the plate F, but if the 

plate B is moved along the studs so as to squeeze the plate F 

between itself and the flywheel the frictional forces set up 

between the surfaces in contact will prevent slip between 

them. The necessary axial force is applied to the plate B by a 

number of springs which are usually arranged to surround 

the studs A.  
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Fig. 4: Working of Clutch  

The spring pressure clamps the pressure plate onto the 

driven plate and the flywheel with the assembly, like this the 

drive is passed from the engine to transmission. When the 

driver depresses the clutch pedal the movement is passed to 

the release bearing by cable attached to clutch lever and the 

release bearing then pushes the diaphragm spring as shown 

in Fig. 4. The outer part of the release bearing is held (by the 

release lever) so it does not rotate, and the inner race of the 

bearing rotates with the diaphragm spring and clutch cover. 

The force applied and travel of the bearing is determined by 

the lever ratio built into the clutch pedal and release lever. 

The simplified clutch system can be seen in Fig 5.  

 
Fig. 5: Simplified Clutch system  

Input parameters for clutch are taken as follows: 

 Length of Clutch lever = 137mm = 0.137 m 

 Length of Clutch Fork= 50mm = 0.05 m 

 Load to disengage Clutch plate= 981 N 

 Total clutch travel= 6:5mm = 0.0065 m 

 Total clutch lever travel = 25 mm 

 Time for disengagement = 0.1 sec 

 Force required at clutch pedal = 100 N 

 Length of Clutch pedal= 271mm = 0:271 m 

 Length of Clutch pedal link= 62mm = 0.062 m 

A. Calculations From Clutch Plate Side: 

 Torque on clutch release shaft for disengagement 

= Load to disengage clutch plate x Length of Clutch Fork 

= 981 * 0.05 = 49.05 Nm 

 

 Force required at Clutch release lever end 

= Torque on clutch release shaft for disengagement / 

     Length of clutch release lever         

= 49.05 / 0.137 = 358 N 

 Angle turned by clutch release shaft during 

disengagement 

= Total clutch travel / Fork length                  

 = 6.5 / 50 = 0.13 radian 

 Angular speed of clutch release lever 

= Angle turned by clutch release lever / time  

= 0.13 / 0.4 = 0.325 radian/sec 

 Linear velocity of clutch release lever: 

 = Clutch lever length x Angular speed of clutch release   

    lever 

 =137 * 0.325 = 44.5 mm/sec 

B. Calculations From Clutch Pedal Side:                                                                     

 Torque at clutch pedal hinge 

=Force required at clutch pedal x Length of Clutch 

pedal 

= 100 * 0.271 = 27.1 Nm 

 Force at cable end 

= Torque at clutch pedal hinge / Length of Clutch pedal 

link 

= 27.1 / 0.062 = 437 N 

The calculation for clutch from clutch plate and 

clutch pedal side is to take average of force required for 

clutch actuation. Therefore the specification based on 

calculation for clutch actuator considering factor of safety 

are as follows: 

 Force required for actuation = 500 N  

 Linear speed required =  60 mm/ sec 

III. GEAR ACTUATOR SPECIFICATION 

Fig. 5 shows the gear shift and select mechanism on 

transmission. The gear shift and gear select cables are 

attached to the respective selector levers. The gear shift 

cable pulls or pushes the lever in Y direction for selecting 

odd or even gear thereby providing rotary action about Z 

direction. The gear select cable is also pushes or pulls the 

bell crank lever in Y direction to give linear motion in Z 

direction. The force required for gear shift and select action 

will determine the specification for respective actuators. 

 
Fig. 5: Gear Shift and Select mechanism  

Input parameters for gear mechanism are taken as follows: 

 Total stroke required for single gear shift = 22 mm 

 Total stroke required for single gear select = 14 mm 

 Force required for gear shifting = 50 N (actually 

measured) 
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 Force required for rank selection = 50 N( actually 

measured) 

A. Calculations For Gear Shift And Select Linear Velocity: 

 Linear velocity for Gear Shifting  

= Stroke required/time 

= 22/0.45 = 49 mm/sec 

 Linear velocity for Rank Selection  

= Stroke required/time 

= 14/0.45 = 31 mm/sec 

The specifications for gear shift and select actuator 

based on calculations and actual measured data are as 

follows: 

 Force required for gear select actuation = 50 N  

 Force required for gear select actuation = 50 N 

 Linear velocity required for gear shift and select  

= 50 mm/sec 

IV. ACTUATOR SELECTION 

After finalizing the actuator specification, the next step is to 

select correct type of actuator suitable for our system. An 

actuator has many parameters depending on which actuators 

are selected to meet ones requirement.  

Some of the parameters required for the selection 

of an actuator are listed below.  

 Availability  

 Cost  

 Space required 

 Force required  

 Speed of actuators  

 Effectiveness  

 Life 

Basically actuators used for AMT system are either 

electromechanical or hydraulic actuators. When deciding 

whether to use hydraulic or electro-mechanical actuators in 

this application the sole deciding factor is, which best meets 

the technical and economic demands of the application. 

Although the cost of an individual hydraulic cylinder is less 

than that of an electric actuator, a hydraulic system can still 

be more expensive in total than its electro-mechanical 

equivalent. The costs for ancillary equipment will make a 

hydraulic system more expensive than an electric actuator. 

Ancillary equipment comprises an oil tank, a pump, possibly 

an accumulator, a filter system, and tubing or hoses for 

distributing the hydraulic fluid and returning it to the tank. 

Finally, the fluid itself must be taken into consideration, in 

certain cases additional costs are incurred if instead of 

conventional hydraulic oil, bio-degradable oil is used or 

because of increased environmental or fire protection 

requirements a water-based hydraulic fluid. As every fluid 

has to be checked regularly for its condition (type and 

quantity of the particles contained in the fluid, water content 

and lubrication properties) other costs will also arise. 

Moreover, for applications outdoors or in cold storage areas, 

a heating system will perhaps be necessary to improve the 

flow properties of the fluid. In contrast to this, electric linear 

actuators require only cables for power supply and for 

transmitting signals or connection to a field bus system. 

However, if many actuators are concentrated in a small 

space inside a machine or manufacturing/processing 

equipment, the ancillary equipment costs for hydraulics can 

be distributed over all the actuators. This means, that as long 

as the potential disadvantages of using oil are not significant 

(with respect to cleanliness in production and environmental 

or fire protection), a hydraulic system can be more suitable 

than the electro-mechanical alternative. Linear drives are 

often used as reversing drives and in many of these 

applications, oscillating movements occur at high frequency. 

With a hydraulic system this leads to stress on the seals and 

impairs the oil retention ability of the seal, which in turn can 

result in leakage of the hydraulic fluid. In the most favorable 

case this is unsightly, but in certain situations predominantly 

in clean processes it can lead to considerable production 

problems due to the oil having an adverse effect on the 

quality of the manufactured products. Problems of this 

nature do not arise with electro-mechanical systems. 

Without any emission occurring, acceleration factors of up 

to 10g can be achieved in the system, and the reversing 

motion does not lead to any problems. For hydraulic 

systems, the electronic control system must be specially 

designed for the particular requirements of fluid 

engineering, electric actuators can draw upon the complete 

range of electronic control systems available for electric 

drives. As a result of large production runs, the market range 

is wider and unit prices lower so that in most cases cost 

savings can be made. All in all it can be said that 

electromechanical is increasingly becoming an alternative 

system to hydraulics from both the technical and economic 

viewpoints. 

Table. 1: Comparison between actuators 

Parameters Electro-Mechanical Hydraulic 

Cost cheap costly 

Force medium high 

Installation easy hard 

Pump not required required 

Maintenance medium high 

Leak not applicable may leak 

Selection of actuators was done on study based on 

table 1. It is quite clear that in order to built low cost and 

reliable system we have to select electromechanical 

actuators for our system. 

V. CONCLUSION 

In this paper we have finalized the specifications and type of 

actuators to be used for AMT system. Based on actuators 

specifications shown in Table 2, the actuators are selected. 

The linear actuators selected will be 12 V DC motor based. 

For downsizing, weight and cost reduction DC motor based 

linear actuators are selected.  

 Table. 2: Specification of actuators 

Parameters 
Clutch 

actuator 

Shift 

actuator 

Select 

actuator 

Force 500 N 50 N 50 N 

Liner Speed 60 mm/ sec 50 mm/ sec 50 mm/ sec 

Stroke 

required 
25 mm 44 mm 28 mm 

Type 
electro 

mechanical 

electro 

mechanical 

electro 

mechanical 
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