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Abstract: Gear shift laws of a conventional automatic gear box for a personal car are determined by given 

criterions – minimum of the specific or road fuel consumption and minimum of the toxicity of gas emissions. The 

received law graphics are used in the model “Automotive Transmission Control” of the MATLAB-SIMULINK 

program product and a simulation in process of acceleration is made. 
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1. Introduction 

Main element of this work is the conventional automatic 

transmission, which currently has a wide application in car, and its 

control. Normally it consists of a two-phase hydrodynamic 

converter with lockup clutch and subsequent planetary gearbox. The 

advantages and disadvantages of this automatic transmission are 

known. A disadvantage compared to conventional manual 

transmissions is the higher fuel consumption, due to the additional 

hydraulic losses in the converter and in the automatic control. But 

automatic control is more advantageous in comparison with the 

subjective manual control not only in terms of minimizing fuel 

consumption, but also of minimizing the emissions of pollutants.[1] 

The aim of this work is to optimize the shift characteristics, in terms 

of the two criteria.  

 

1.1 Connected downstream planetary gear 

The most commonly applying in automotive automatic 

transmissions planet sets as basic mechanisms are 3 + 1 stage 

Simpson set and Ravigneaux set (Figure 1.1), which allow the 

switching on without power interruption. A further development of 

automatic transmissions for passenger cars represent the 4+1, 5+1, 

6+1 and even 7+1 stage planetary gearbox.[2] In this context, the 

number of planetary gear sets and the switching elements is 

growing up and the control is complicated, but also better 

conforming to the desired criteria. 

 

 

Figure 1.1. Simpson and Ravigneaux sets 

 

1.2 Control 

An important module of an automatic transmission is the 

control. It is responsible for the operation of the brakes and clutches 

in the transmission. There are in principle two variants of control: 

 hydraulic control; 

 electronic-hydraulic control. 

The input information to be processed at hydraulic control 

systems are converted by purely mechanical means in control oil 

pressures, which actuated the switching elements via hydrostatic 

servos and pressurized piston. 

This principle is illustrated in Figure 1.2 and Figure 1.3, where 

these control system works by two parameters - vehicle speed and 

throttle position (position of the rod of the fuel pump in diesel 

engines). 
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Figure 1.2. Principal illustration of the work a hydraulic control 

 
 

 

     
 

 

Figure 1.3. Centrifugal governor and position transmitter 
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The entire control algorithm is present implicitly in the 

construction (piston diameter, bias of spring, etc.) of the hydraulic 

control unit. The biggest disadvantage of the hydraulic transmission 

control is the rigid inflexible control algorithm which lies in its 

design. Another problem is the adaptation of the controller to a 

possible mechanical wear. The above-mentioned disadvantages of 

the hydraulic controls and the development of electronically 

controlled engines have led to development of electronic 

transmission controls. They offer the advantages of ease of 

adaptation to different engines or different operating conditions 

(adaptive switching programs). In general, the electronic 

transmission control system offers the advantage of processing all 

available information tends to control the switching operation 

involving the vehicle as an overall system. 
 

1.3  Shift characteristics 

 

 Figure 1.4. 

Qualitative 
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The switching points are dependent on the driving-speed in the 

first place and on the load state of the engine. The location and the 

shape of the shift characteristics depended case of modern control 

systems and from the evaluation of other parameters such as lateral 

and longitudinal acceleration or the rate of change of accelerator 

pedal position of each driving state. 
 

2. Determination of control law for an automatic transmission 

as regards minimizing fuel consumption 

2.1 Initial data 

For all the work the following mentioned data will be used for 

the example vehicle. 

  Vehicle data: Internal combustion engine: 
 

Mass mF, kg 1515 Type:   Otto-Motor 

Air resistance cW  0,32 Displacement, l 2,0 

Transverse surface A, m2 1,94 Nominal power, kW  111 / 5930 

Dyn.Radius rdyn, m   0,3 Max. Torque, Nm  179 / 4750 
 

It is considered a constant air density of 1.199 kg / m3. 

    This engine is characterized with the illustrated in Figure 2.1 

engine map, with the similar map for the exhaust emissions and the 

throttle map. Through subsequent analysis has collected the initial 

data.  

   Transmission data: 

    The example vehicle is equipped with a 4th speed automatic 

transmission and Trilok converter with lockup clutch: 

Translation of the final drive (excl. Gearbox), iE = 3,2; Gearbox 

ratios: i1=2,846; i2=1,581; i3=1.000; i4=0,685 

 
        Figure 2.1. Characteristics of a 2.0-liter gasoline engine. 

2.2 Determining the shift characteristics for the automatic 

transmission with and without a converter and with regard to 

minimization of the specific fuel consumption 

     This simplification (permanent lockup) is used later when com-

paring the behavior with and without torque converter and in deter-

mining the shift characteristics when torque converter is lockup. 

    From the initial data you get the torque and specific fuel 

consumption for each partial load characteristic (5%, 10%, 20%, ..., 

100%) in steps of 100 min-1. 

     The relationship between engine speed respectively turbine 

speed and vehicle speed for each gear is: 

Ex

dyn

ii

rmin]/1[n
30

6,3

]h/km[v




, (2.1) 

where ix is the gearbox ratio for the appropriate gear. With the help 

of 2.1 can be calculated the vehicle speed for a certain constant 

throttle position and in all four gearbox ratios. The specific fuel 

consumption by the engine map and the throttle map can be for any 

constant throttle position evaluated and given in a table. 

     In this manner you can represent the amendment of the specific 

fuel consumption graphically in all four gears, depending on the 

vehicle speed, where each image (for example, Figure 2.2 at 50%) 

is constructed at a certain constant throttle position. 
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Figure 2.2. Lines of the specific fuel consumption 

 

 

 

 The goal is a minimum of the specific fuel consumption. Following 

an analysis of this condition, for each displayed throttle position, 

you can build the table on the fig 2.3. and a graphic representation 

of the simplified switching law for the automatic transmission. In 

this case, the transmission is controlled only by two parameters - the 

vehicle speed and throttle position. The shift characteristics are 

formed only by the criterion minimum specific fuel consumption. 

 
 

 

    δ v1-2, v2-3, v3-4, 
   % km/h km/h km/h 

     5 20,0 35,0   54,0 
   10 24,0 41,0   60,5 
   20 38,0 66,5 102,5 
   30 39,5 67,0 103,0 
   40 39,5 67,0 103,0 
   50 39,5 67,0 103,0 
   60 39,5 67,0 103,0 
 100 39,5 67,0 103,0 

 

  

 

 

 

 
 

 

 

 

Figure 2.3. Switching characteristics without converter at be,min 



2.3 Determining the switching characteristics of the 

transmission in relation to minimize road consumption 

The specific fuel consumption characterizes the efficiency of 

the combustion engine. The road consumption in l / 100 km is a 

representative criterion for the consumption of the system 

combustion engine - vehicle. The relationship between the gear-

dependent road consumption and the specific fuel consumption is 

introduced by the equation 2.2 : 
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In studies by the criterion minimum of road consumption 

without converter were built some pictures (for example, Figure 

2.4). An upshift according to this criterion is favorable at minimally 

permissible gear-dependent vehicle speed for the next gear at all 

constant throttle positions. But at the same studies with converter 

were drawn following shift characteristics, which are compared 

with those, according to the criterion minimum specific fuel 

consumption. (Bild 2.5.) 
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Figure 2.4. Road consumption at throttle position 80% 
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Figure 2.5. Shift characteristics with converter 

 
 

2.4 Converter lock up 
 

In the following, it will be attempted so as to generate a map for 

controlling the lock-up clutch, in which one seeks minimum 

specific fuel consumption. By combining the images for specific 

fuel consumption plotted against vehicle speed - with converter and 

without converter (for example, Figure 2.2) can build bridging 

characteristics. The Table 2.1 shows from which driving speed the 

ride without converter is favorable with regard to fuel consumption 

for each gear at certain constant throttle positions. 

 

Table 2.1: Converter lock up 

Load Gear I Gear II Gear III Gear IV 

% v, km/h v, km/h v, km/h v, km/h 
5 14 25 41 59 

10 14 25 40 59 

20 26 47 75 110 

30 27 48 76 111 

50 28 48 76 111 

100 28 48 76 111 
 

     Comparing these data with the shift characteristics in 

permanently activated converter, you can easily see that a converter 

lock up only in IV gear is sensible. In the lower gears, the 

transmission shifts up before reaching the speed values, at where 

begins to act the converter lock up. If one consider converter 

lockup, you get the following shift characteristics (Figure 2.6) 
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Figure 2.6. Consumption-based switching characteristics regarding 

bridging of the converter. 
 

  When comparing the road consumption with and without converter 

at one and the same throttle position, resulting a few pictures (for 

example, Figure 2.4. It is easy to see that the road consumption 

without converter is always below from the road consumption with 

converter. Therefore is sensible a converter lock up in IV gear 

because the vehicle has to drive consumption-oriented over a wide 

speed range in gear IV. 
 

3. Determining of the control law for an automatic transmission 

terms of minimizing exhaust emissions. 
 

     The HC emissions are important for gasoline engines and for 

diesel engines, they play a less important role. Because the sample 

vehicle has a gasoline engine, it is considered hereinafter, the 

transmission control regarding minimization of HC emissions. 

 Figure 3.1. Initial data for HC emissions 



  In this case, represented the specific HC emissions in g / kWh or 

HC emissions per unit distance in g / 100km on the vehicle speed in 

various gears at constant throttle position (for example, Figure 3.2 

and Figure 3.3). 
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            Figure 3.2. Lines for the specific HC emissions. 

 
 

0 20 40 60 80 100 120 140 160 180 200
0

100

200

300

400

500

600

700

800

HC-Emissionen bei konstanter Drosselklappenstellung

Fahrzeuggeschwindigkeit, km/h

H
C

-E
m

is
s
io

n
e

n
, 

g
/1

0
0

k
m

I

II

III

IV

50 %

 Figure 3.3. Lines of HC emissions per unit distance. 

 
 

       As initial data to use a so-called clam diagram of the engine 

with respect to specific HC emissions (like the diagram of constant 

specific fuel consumption) with the lines of constant throttle 

position (Figure 3.1). It is assumed that the transmission is operated 

with permanently activated converter. These lines (for example, 

constant throttle position 30%) go through the best areas of the 

engine map regarding HC emissions. It should be emphasized that 

the lines actually go up, but the last recorded data from the engine 

map are, together with the converter parabolas at speed ratio 0.96. If 

you look at the engine map with lines of constant HC emissions, 

one can see the trend to increase the emissions at a larger ratio, or a 

higher rotational speed and therefore at a higher vehicle speed. Of 

the pictures shown above you can read the switching points at 

respective constant throttle position and build the shift 

characteristics. The shift characteristics as regards minimizing the 

HC emissions are compared with the same characteristics as regards 

minimizing fuel consumption. (Figure 4.1 and 4.2) 
 

4. Optimization of the shift characteristics in terms of 

minimizing the fuel consumption and HC emissions 
 

In this case, you perform an optimization by means of weighting 

factors. The searched value can be calculated as follows: 

 

21 *)1(* fff   , (4.1) 

                           Where is 10    

    The choice of α must be made to fit. It used the data of shift 

characteristics as regards minimizing the specific fuel consumption 

and shift characteristics as regards minimizing the specific HC 

emissions. In a first approximation, is set α = 0.5, that is, The two 

criteria are equally weighted and it is determined an average value. 

(Figure 4.1). In the same way are processed, the corresponding data 

for fuel consumption and HC emissions per unit of distance. (Figure 

4.2) 
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 Figure 4.1 Shift characteristics at minimizing the specific fuel 

consumption and specific HC emissions 
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Figure 4.2. Switching characteristics at minimizing road 

consumption and HC emissions per unit distance 

5. Simulative study with Simulink in Matlab 
 

5.1 Starting model and description of the new models 
 

  The starting model is considered a demonstration model of Matlab, 

namely Automotive Transmission Control. Man has studied the 

finished model exactly and recognizes its operation and logic. 

Based on this pattern was elaborated the following model (Figure 

5.1) In this model are adjusted all the parameters to the sample 

vehicle and there are synthesized also function blocks that are used 

to determine the fuel consumption. The block “input” is used to 

enter the time course of throttle position. This course is retained 

later in the simulation. 

   The heart of the engine block is the block “engine map”. This 

block are supplied to the throttle position and engine speed and is 

read from a table, the engine torque. The pump torque and the 

engine torque are compared and the difference is multiplied by the 

motor and pump inertia and the equivalent conversion constant 

(block “motor and pump inertia”). Then follows an integration for 

the engine speed. 
 



 
 

Figure 5.1 Model for controlling an automatic transmission 
 

    The block "automatic gearbox" consists of two blocks – “torque 

converter” and “planetary gear”. In the first block is first calculated 

the speed ratio (ratio of turbine and pump speed) "ν". With the 

calculated value read out the torque ratio μ(ν) and the pump torque 

factor k(ν). Then calculate the pump and turbine torque. In Block 

"Look-Up Table" are the gear-dependent gearbox ratios for four 

gears. These are at the point 2.1 Transmission data. Is displayed 

which gear is active and from the table are read out the gear ratios. 

After multiplying the turbine torque with the corresponding gear 

ratio is obtained, the output torque from the gearbox. 

   On the entrance of block "vehicle" is supplied the output torque 

from the gearbox. It is multiplied by the final drive ratio and is 

compared with the torque demand. The difference of the two 

moments is multiplied by vehicle inertia and is integrated. After 

appropriate conversion you get the vehicle speed. For the simulation 

it is assumed that the travel distance is horizontal.  

    In basically the block "fuel consumption" lies the block 

"Consumption Map". In principle, everything is exactly as the block 

"engine map". From block consumption map read out the 

corresponding values for the specific fuel consumption. After 

multiplication with the engine power, a conversion of the specific 

fuel consumption in l/s and by determining the distance traveled 

gives the road fuel consumption.                                                                                                                                                              

    The switching logic is determined by the blocks "shift logic" and 

"threshold calculation". This will not be changed. There are only 

implemented the shift characteristics as regards minimization of 

road consumption. It is considered an acceleration process with a 

period of 100 s. 
 

5.2 Extension of the simulation model 

    The simulation model is extended by considering the influence of 

the converter in determining the rotary mass factor λx. The 

following additional sample data are used: 
 

JR = 3,2 kg.m2 Sum of the wheels moments of inertia 

JT = 0,058 kg.m2 Inertia of the turbine wheel 

JP = 0,078 kg.m2 Inertia of the impeller 

JS = 1,000 kg.m2 Inertia of the flywheel 

 

 
Figure 5.2. Torque converter with blocks for determining the rotary 

mass surcharge factor 
 

The rotary mass surcharge factor is determined the following way: 
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where: iX is the gearbox ratio in gear X, ηM – mechanical efficiency 

and ω1 - the angular velocity of the impeller and ω2 - the angular 

velocity of the turbine. The values are used in 5.1 and results in 

gear-dependent rotary mass surcharge factor: 
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Figure 5.3. Vehicle with additional blocks for determining the gear-

dependent rotary mass surcharge factor 
 



The gear-dependent rotary mass surcharge factor is determined in 

block "torque converter" (Figure 5.2). This factor is an output result 

and it is supplied to the block "vehicle" (Figure 5.3). 
 

6. Experimental investigation of a conventional automatic 

transmission for passenger cars with front-wheel drive 
 

      It was investigated the efficiency of the individual gears of an 

automatic transmission for passenger cars. The test results are used 

in determining the road consumption. The efficiency values were 

determined at different transmitted torques and speeds and were 

used in the simulation model. According to the test procedures are 

distributed the determination of the efficiency of the planetary 

member and the axle drive and can be evaluated in individually. An 

image pickup of the test bench can be seen in Figure 6.1. 
 

 
 

Figure 6.1. Test bench for investigation of an automatic 

transmission for passenger cars. 
 

7. Summary 
 

   The problem with the selection of criteria for the determination of 

the shift characteristic curves for the control of the automatic 

transmission is very complex. In this work is carried out an 

investigation only on the criteria minimizing fuel consumption and 

only one component of the exhaust emissions. In reality, the shift 

characteristics determined by the interplay of several criteria. 
 

  The determined shift characteristics must be regarded as averages. 

The switching characteristics for upshift must be shifted parallel in 

the direction of higher speed in order to achieve a necessary 

hysteresis. A displacement of the shift characteristic curves for 

upshift at 10% higher speeds for the same throttle valve position is 

assessed as suitable. Similarly, the shift characteristics for 

downshifting must be shifted parallel in the direction low speed. 

Again, it is assumed a displacement of shift characteristics for 

switching back to 10% left as a suitable. 
 

    The determined switching characteristics while minimizing the 

specific characteristics (be and HC) differ significantly. You must 

switch gears at higher speeds, taking into account the minimization 

of specific HC emissions. (Figure 4.1). The switching 

characteristics while minimizing both parameters per unit distance 

are approximately the same. (Figure 4.2) 
 

   A logical development of the viewing of other criteria in the 

optimization of the controller (Further components of the exhaust 

emissions, dynamic behavior of the vehicle and so on). 
 

    The simulation model can be further developed and made more 

precise (for example more precise input of the engine and 

consumption characteristics map and others), which are on this 

basis possible many simulation studies. 
 

    As a further development must be determined, the switching 

characteristics of a sporty driving. Thus determined several shift 

maps (for example, consumption-oriented, neutral and Power-

oriented) and are implemented in a modern electronic control. 
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