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Abstract. Based on the shift actuator table of AT and the Principle of the hydraulic 

system ,it is easy to get the logical-shift formula with the help of the logical 

analysis,which could help to design AT hydraulic system .Besides,it conducts a 

feasibility analysis of their shift solenoid valve control state . 

Introduction 

There are three main design principles to restricate the direction of hydraulic oil in the 

design of hydraulic control system[1][3]. 

Principle 1: the designed hydraulic system was capable to complete the required 

basic shifting according to the actuator components table.  

Principle 2: Due to the characteristics of mechanical structures, we have to 

consider some requirements in the design of hydraulic system that some of actuator 

components must interlock to prevent the interference between some actuator 

components; Besides, we also have to prevent the interference between the gear, 

mainly to prevent the case of jumping gear that the shift gear should happen in the 

adjacent gear and should not occur between the interval gear. 

 Principle 3: When the shifting solenoid valve failed, the hydraulic system should 

be able to achieve some gear to ensure the car to run for some time which called 

fail-safe capability   

The relationship among the principles mentioned above was that the principle2 

was meaningful on the basis of the principle1; the principle3 was basic on the 

principle1 ， the principle2 could be considered the modifications, complement and 

complete of the hydraulic system. 

Design of the hydraulic shift system   

Shift-logic formula.Based on the analysis above ，we can get two sets of hydraulic 

logic diagram with using the logical analysis : 
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Note:   represents the control terminal of  ON.i solenoid valve i = 1 2 ... n,   means spring control terminal;   less than   that is  ;  

and   represent the main oil pressure;,  、 equal to locking oil,  、  represents inversion of locking oil ,   means that  may lead to  

or lead to oil spills, which is based on the action of implementation of component 

We put (1) (2) as a whole and call it a hydraulic logical design unit, in fact, 

through the analysis of the design of automatic transmission hydraulic system ,it is 

cleared that the design of the hydraulic system is the combination of several such 

hydraulic logical design unit, and specific combination is based on transmission 

machinery parts and actuator components table . 

Design of the hydraulic shift system .Based on the actuator table of AT(AMT , see 

Table 1 )[4], we can use the shift-logic formula mentioned above to design hydraulic 

shift system and get the situation of shift solenoid valve. 

Table 1 actuator table of AMT 

 C1 C2 C3 B1 B2 

2222  

B3 F1 F2 P 

P          

R 

 

1          

N          

 

 

D 

1          

2          

3          

4          

OD           
With using the shift-logic formula (1) (2) above, we can get the hydraulic shift 

system diagram met actuator table of AMT mentioned above: 
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Control strategy analysis[2] of solenoid valve .There will be some analysis of 

control state of the solenoid valve (in accordance with the actuator table of AMT 

mentioned above): 

P position: there are almost no oil flow in the hydraulic system under the parking 

gear. 

N position（s、p have oil）： 1Z  is powered on and s r ， ( 1 )s Z Z E  ，

( 1 )o Z Z t  ， 2Z is powered off and cZZb )2( ， 3Z  is powered on and 

( 3 )r Z Z i  ， 4Z  is powered on and oZZp )4(  , EZZa )4(  ，so it is clear 

that: ( 3 )s Z Z i  ， ( 4 )( 1 )p Z Z Z Z t   ； 

R position（s、p、B2 have oil）： 1Z  is powered on and s r ， ( 1 )s Z Z E  ，

( 1 )o Z Z t  ， 2Z  is powered off and cZZb )2( ， 3Z  is powered on and 

( 3 )r Z Z i  ， 4Z  is powered on and oZZp )4(   EZZa )4(  ，so it is clear 

that: ( 3 )s Z Z i  ， ( 4 )( 1 )p Z Z Z Z t   ，another oil goes through B2 directly； 

D position（s、p、b have oil）： 

1 shift： 1Z  is powered on and s r ， 2Z  is powered on and wZZb )2(  ， 3Z  

is powered off and ( 3)r ZZ f  so ( 3)s ZZ f ， 4Z  is powered off and 

EZZp )4( ， mZZa )4( ，because 1Z is powered on,so a has no oil  

2 shift： 1Z  is powered off and ( 1)s ZZ a ，s r ， ( 1)o ZZ t ， dZZc )1( ， 2Z  

is powered on and wZZb )2(  ， 3Z  is powered off and ( 3)r ZZ f ， 4Z  is 

powered off and mZZa )4( ， EZZp )4( ，so it is clear that： ( 4)( 1)s ZZ ZZ m ，
( 3)s r ZZ f   

3 shift： 1Z  is powered off and ( 1)s ZZ a ，s r ， ( 1)o ZZ t ， dZZc )1( ， 2Z  

is powered off and cZZb )2( ， 3Z is powered off and ( 3)r ZZ f ， 4Z is powered 

off and EZZp )4( ， mZZa )4( ， so it is clear that： ( 4)( 1)s ZZ ZZ m ，

dZZZZb )1)(2(  

4 shift： 1Z is powered off and ( 1)s ZZ a ，s r ， ( 1)o ZZ t ， dZZc )1( ， 2Z is 

powered off and cZZb )2( ， 3Z is powered on and ( 3 )r Z Z i  ， 4Z is powered off 

and EZZp )4( ， mZZa )4( ， so it is clear that ： ( 4)( 1)s ZZ ZZ m ，
dZZZZb )1)(2( ， ( 3 )s r Z Z i     
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OD shift： 1Z is powered off and dZZc )1( ，s r ， ( 1)o ZZ t ， 2Z is powered off 

and cZZb )2( ， 3Z is powered on and ( 3 )r Z Z i  ， 4Z is powered on 

and oZZp )4(  ， EZZa )4(  ， so it is clear that： dZZZZb )1)(2( ，
( 1)( 3 )s ZZ Z Z i  ， ( 1)( 4 )p ZZ Z Z t   

Note: correspond to shift solenoid control of A, B, C, D and  = = = =1 when solenoid powered outage,  = = = =0 when solenoid 

powered on, Z represents spring control terminal ,Z=0 when solenoid powered outage valve and Z = 1 when solenoid powered on, so  

during solenoid powered outage and  when solenoid powered on 

Through the analysis above , the control state of solenoid valve can be showed in 

Table 2: 

Table 2 control state table of solenoid valve 

 position Z1 Z2 Z3 Z4 components 

R 

R 

off Off on off C3 B1 B2 

N on Off on on C3 B1 

 

D 

1 on On off off B3 

2 off On off off C1 B3 

3 off Off off off C1 C2 B3 

4 off Off on off C1 C2 C3 

OD off Off on on C2 C3 B1 

The control state of the solenoid valve had been designed by the use of logical 

analysis, where the basic state of the solenoid valve are normally open. 

Summary 

It can be seen from the analysis above that the use of logical analysis to design and 

analysis of the hydraulic shift system has a good effect, the shift-logic formula 

mentioned in the text has some universal in the design of shift system.  
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