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ABSTRACT 

This report describes the design of a mechanical driver for use 

in the testing of vehicles on a rolling road dynomometer by the 

Energy Research Institute (ERi) at the University of Cape Town. 

Many vehicle tests involve using driving cycles which tend to be 

long and repetitive. Consequently, the driver finds it boring 

and difficult to repeat a specific dr1ving pattern within the 

required tolerance. One solution to this is the use of a 

mechanical driver, where the vehicle being tested is "driven" 

mechanically and controlled by a computer. The main objective 

of this project was to design a system that would return 

accurate and repeatable results when testing vehicles for fuel 

consumption, emissions, speeds etc. 

Mechanical drivers have been used by many European car companies 

for exhaust emission control tests where vehicles have to 

undergo a fixed driving pattern to satisfy regulations. 

Volkswagen of West Germany and Ford Motor Company of America 

have published papers on systems which they have built for 

various development programmes. The Volkswagen driver was 

designed for use in vehicles with an automatic transmission and 

was installed in the place of the front passenger's seat. The. 

Ford driver on the other hand could "drive" the vehicle as well 

as shHt the transmission if the vehicle was equipped with a 

standard transmission. Other companies such as Carl Schenck, a 

West German company and Britain's Motor Industry Research 

Association have designed and built mechanical drivers. These 

are sold to motor manufacturers on a customer-contract basis. 

(11) 

This report cri the des1gn of a mechanical driver for use 
in the ing of vehicles on a roll; road dynomometer by the 

Energy Research Institute ( I) at the University of Cape Town. 

Many vehicle ts involve usi drivi cycles which tend to be 

long and repetitive. Consequently, the driver finds it boring 
and dHf1cult to repeat a Hic driving pattern within the 
required tolerance. One solution to this 1s the use of a 

mechanica 1 driver. where the vehicle i ng tested is "driven" 
mechanically and controll by a computer. The main objective 
of this project was to ign a system that would return 
accurate and repeatable results when testing vehicles for fuel 

consumption. emissions, s 

Mechanical drivers have been used by many European car companies 

for exhaust emission control tests where vehicles have to 

undergo a fhed driving pattern isfy regulations. 

Volkswagen of west rmany and Ford Motor Company. of America 
have published pa rs on systems which they have built for 
various development programmes. The Yolk driver was 
designed for use 1n vehicles with an automatic transmission and 
was installed 1n the place of the front passenger's seat. The. 
Ford driver on the other hand could "drive" the vehicle as well 
as shift the transmission H t vehicle was equipped wi a 
standard transmission. Other companies such as rl hend, a 
west German company and Britain's Motor Industry Research 
Associ ion have igned and bunt mec ical drivers. 
are sold to motor manufacturers on a customer-contract basis. 
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An initial mechanical driver was designed based on the equipment 

and supplies available to the ERI. This was done to keep costs 

as low as possible. A prototype was built according to this 

initial design and was tested on simple driving cycles which 

exposed some problems. Some of these problems were solved by 

using alternative components or equipment. These alternative 

solutions were then specified for the final design solution. 

Some problems however, could only be solved using expensive 

equipment. This equipment was specified for the final solution 

although it was not used in the prototype. In addition, an 

alternate solution is specified which can be used if the user is 

not 11mited by a strict budget. It should be borne in mind 

throughout the report that the author restricted himself where 

possible to equipment that was available to him in the stores, 

thus keeping prices to a minimum. 

The mechanical driver consists of an hydraulic c1rcuit and is 

controlled by a BBC computer. The hydraul1c circuit serves two 

pistons which operate on the brake and accelerator pedals. 

During a test, the computer monitors the vehicle speed and 

compares it to the theoretical driving cycle speed. If they 

differ by more than the accuracy limits specify, the computer 

sends a signal to the hydraulic pistons to take corrective 

action by moving either the accelerator or brake pedal. The 

vehicle speed sampling rate can be varied by changing certain 

parameters in the computer program. At the end of the cycle, 

the computer gives an error analysis which supplies information 

such as maximum deviation from driving cycle and standard 

error. A frame which provides support and rigidity to the 

hydraulic pistons fits onto the driver's seat-rail. The rest of 

the equipment fits onto a portable trolley which can be 

positioned next to the vehicle during a test (because the 

vehicle is stationary on rollers) and stored easily when not in 

use. 

An initial mechanical driver was designed based on the equipment 

and supplies available to the [RI. This was done to keep costs 

as low as possible. A prototype was built according to this 

initial ign and was tested on simple driving cycles which 

exposed some problems. Some of these problems were solved by 

us i ng a 1 rnative components or equl pment. These a lternat ive 

solutions were then specified for the final desi solution. 

Some problems however, could only be solved using expensive 

equipment. This equipment was specified for final solution 

although it was u 1n the prototype. In addition. an 

alternate solution is specified which can be used if the user 15 

not limit by a stri budget. It should be borne in mind 

throughout the report that the author restricted himself where 

possible equipment that was available to him in the stores, 

thus keeping prices to a minimum. 

The mechanical driver consists of an hydraul1c circuit and is 

controll by a BBe computer. The hydraul1c circuit serves two 

pistons which operate on the brake and accelerator pedals. 

Our; a test, computer man; the vehicle speed and 

compares it to the theo ical driving cycle speed. If they 

dif by more than accuracy limits speci computer 

sends a signal to the hydraulic pistons corrective 

action by moving ther the accelerator or brake pedal. 

vehicle speed sampling rate can be varied by changing certain 

pa in the computer program. At the end of the cyc1 e. 

the computer gives an error analysis which supplies information 

such as maximum devi ion from driving cycle and ndard 

error. A frame which prov1 suppo and rigidity to the 

hydraulic pi stons fits onto the driver ISS ra i 1. The rest of 

the equipment fits onto a portable trolley which can be 

positioned next the vehicle during a te (because t 

vehicle is stationary on rollers) and 

use. 

red easily when not in 
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During the prototype tests the 11 driver 11 caused the veh1cle 1 s 

speed to 11 hunt 11 around the desired cycle speed. This was 

particularly apparent at points on the driving cycle where a 

sudden accelerat1on or deceleration was required and could not 

be anticipated by the computer. 

By changing the sampling rate and the accelerator movement per 

speed difference the 11 driver 11 was able to reduce, but not 

eliminate. the hunting to conduct a simple driving cycle. The 

accuracy was improved by changing the computer program to "look 

ahead" in the driving cycle in an attempt to anticipate sudden 

drastic accelerations or decelerations. An emergency stop 

button was also allocated to a key so that the "driver" can be 

disengaged at any stage. 

The report is concluded with a recommendation that a project be 

proposed where the mechanical driver is adapted to enable it to 

change gears when fitted to a vehicle with a manual transmission. 

(1v) 

Dud ng prototype tests "driver ll caused the vehlc le I s 

speed to "hunP around the des ired le speed. Thi s was 

particularly rent pOints on the driving cycle where a 

sudden acceleration or leratlon was requl and could not 

be anticipated by computer. 

By changing sampl ing rate and the accelerator movement per 

speed difference the "driver" was able to reduce. but not 

eliminate. the hunting to conduct a simple driving cycle. The 
accuracy was improved by changing the computer program to IIl ook 

ahead ll in driving le in an attempt antic; sudden 

dra ic accelerations or decelerations. An emergency stop 

button was also allocated to a key so that the river ll can 

disengaged any s 

The is concluded with a recommendation that a project be 

proposed where the mechanical driver lS adapted to enable it to 

change gears when fi to a 1cle with a manual transmission. 
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GLOSSARY 

- alternating current 

- the rotating part of a d.c. motor 

that produces torque 

- British Broadcasting Corporation 
- steel tubing used to transport 

hydraulic fluid 

- conductor used to conduct 

electricity to the armature of a 

d.c. motor 
- direct current 

- instrument to measure vehicle 

engine power 

- Economic Commission for Europe 

- Energy Research Institute 

- return signal used in the control 

of a process 

- the part of a d.c. motor that 
produces the electric field 

- the oscillation of a vehicle 
speed around a required speed 

- process operated by movement of 
a liquid e.g. oil 

- process operated by movement of 
compressed air 

- hydraulic pump with low 

volumetric losses 

- instrument used for measuring 

an adjusting position 

- revolutions per minute 

- Society of Automotive Engineers 
- instrument used to regulate 

the voltage of an alternating 
current 
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CHAPTER ONE 

INTRODUCTION 

The testing of road vehicles for fuel economy or exhaust 

emissions requires that they be operated under representative 

and accurately reproducible driving conditions. Driving 

patterns in a particular city or country are studied and a 

driving cycle sim1lar to F1gure l is produced which represents 

the driving style in that particular city or country. From 

Figure l it can be seen that a driving cycle is reproduced in 

the form of a graph with the vehicle speed plotted against time. 

A number of such representative driving cycles have been 

formulated for different countries. The one which has been 

selected by the South African Bureau of Standards for use in 

South Africa is the European Driving Cycle (l) (ECE or 

Economic Commission for Europe cycle) which sets down total 

distance travelled, acceleration rates, constant velocity 

periods, times of id11ng, etc. (reproduced and described in 

Appendix C) 

The testing of vehicles using driving cycles can be carried out 

over a level stretch of road. However problems such as varying 

traffic and weather conditions and difficulty in following 

verbal instructions required to adhere to the cycle make this 

method inaccurate and i neons i stent. In order to overcome these 

problems, rolling road dynamometers have been utilized to 

simulate the moving road with the vehicle remaining stationary 

on the rollers. In this way the vehicle can be worked on while 

it is in "motion". 

-1-

CHAPTER ONE 

INTRODUCTION 

The testing of road vehicles for fuel economy or exhaust 

emissions requires that they be operated under representative 

and accurately reproducible driving conditions. Driving 

patterns in a particular city or country are studied and a 

driving cycle similar to Figure 1 is produced which represents 

the driving style in that particular city or country. From 

Figure 1 it can be seen that a driving cycle is reproduced in 

the form of a graphw1th the vehicle speed plotted against time. 

A number of such representative driving cycles have been 

formulated for different countries. The one which has been 

selected by the South African Bureau of Standards for use in 

South Africa 1s the European Driving Cycle (1) (ECE or 

Economic Commission for Europe cycle) which sets down total 

distance travelled, acceleration rates. constant velocity 

periods, times of idl1ng, etc. (reproduced and described in 
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The testing of vehicles using driving cycles can be carried out 

over a level stretch of road. However problems such as varying 

traffic and weather conditions and difficulty in following 

verbal instructions required to adhere to the cycle make this 

method inaccurate and i ncons i stent. In order to overcome these 

problems, rolling road dynamometers have been utilized to 
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Typical driving cycle showing periods of 

acceleration, deceleration, idling, constant 

velocity etc. 

The Energy Research Institute ( ERI) at the University of Cape 

Town carries out many tests on a rolling 'road dynamometer. Its• 

design is such that it can be used for simulated journeys over 

any cycle or terrain since the effects of such parameters as 

inclines, wind speeds etc, can be programmed into a computer 

which controls the rolling road dynomometer. 

The system can be used for tests to determine: 

the effect of fuel blends and fuel additives on fuel 

economy and emissions; 

40 

10 

o 

a 

-2-
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Typical driving cycle showing periods of 

acceleration. deceleration, idling, constant 

velocity etc. 

Research Institute (ERI) the Univers ity of Cape 
Town carries out many sts on a rolling 'road dynamometer. Its' 

design is such that H can be used for slmula journeys over 

any cycle or terrain since the effects such parameters as 

incl1nes, wind speeds • can programmed into a computer 

which controls rolling road dynomometer. 

The system can be us for ts to determine: 

the ef t of 1 blends and fuel additives on fuel 
economy and emissions; 
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the effect of vehicle tuning on economy, emissions and 

performance; 

comparison of various lubricant and lubricant additives 

on economy; 

the effect of various driving cycles on economy and 

emiss1ons; and 

the effect of human drive error and drive styles on 

fuel economy. 

Many of these tests involve using driving cycles such as the ECE 
cycle. These driving cycles tend to be long and repetitive. 

Consequently, the driver finds it boring and difficult to repeat 

a specified driving pattern within the given tolerance which is 

required when testing vehicles on a comparative basis. Even at 

the highest concentration, the test driver cannot obtain 

comparable results in the long run. Physical stress is often 

the main reason for failures which affect the test result or 

make it unvalid. Especially in the case of endurance tests this 
can have far reaching consequences. 

Even if the test is carried out with the admissible tolerances, 
the different driving mode causes strongly deviating measuring 
results. In addition, an uneven accelerator application can 

cause measurable variations in exhaust gas and consumption 

values. 

One solution to this is the use of a mechanical driver, where 

the vehicle being tested is "driven" mechanically and controlled 

by a computer. The mechanical driver assumes the function of 

the test driver and provides measuring results which can be 

reproduced better and which have a maximum of measuring and 

control accuracy. 

the effect of vehlcle tuning on economy. 

performance; 

ssions and 

comparison of various lubricant and lubricant additives 

on economy; 

the effect of various driving 

emissions; and 

les on economy and 

the effect of human dr1ve error and drive styles on 

fuel economy_ 

Many e tests involve using driving cycles such as the 

1e. drivl les tend to long repetHive. 

Consequently. the driver finds it boring and difficult to 

a ified driving rn within the given tolerance which 1s 

required when testing vehicles on a comparative basis. Even 

the highest concentration, the test driver cannot obtain 

comparable results 1n the long run. Physical stress is often 

main reason ilures which af t test result or 

H unvalid. Es lally in the case of tes this 

can far reaching consequences. 

Even if the test is carried out with the admissible tolerances. 
the dHferent dr1vlng mode causes strongly deviating measuring 

results. In addition, an uneven accelerator appl1cation can 

cause measurable var1 10ns ln exhaust s and consumption 

values. 

One solution to this is the use of a mechanical driver. where 

the vehicle being tested is HdrivenH mechanically and controlled 

by a computer. The mechanical driver assumes the function of 

the t driver and provi measuring results which can 

better and which have a maximum of measuring and 

control accuracy. 
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At present the E.R.I. employs a technician to dr1ve the vehicle 

during tests. It has been found that due to the intense 

concentration required to get a vehicle to follow an ECE driving 

cycle, the maximum number of reasonably accurate cycles that can 

be driven in one day is approximately five. This figure can at 

least be doubled with the use of a mechanical driver. 

The object of this thesis was to design a mechanical driver 

capable of 11 driving 11 an automatic vehicle over various driving 

cycles. The driver was designed for use in automatic vehicles 

with the intention of adapting it for use in manual vehicles at 

a later stage. However time prevented the second phase from 

materialisfog and this is recommended H work in this field is 

to continue. 

In this report the author reviews previous work in this field 

and then defines the problem in detail mentioning the 

requirements, constraints and criteria of the design. This is 

followed by a description of the final design solution and a 

mention of all the other solutions that were considered. The 

author then discusses the design in detail giving advantages and 

disadvantages, assumptions, codes etc. The report is concluded 

with recommendations for further work in this field. A 

prototype mechanical driver that was built is described in an 

appendix. 

-4-
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cycles. The driver was igned for use 1n automatic vehicles 

with the intention of adapting it for use in manual vehicles at 

a later s However time prevented the second phase from 

material1s1ng and this 1s recommended if in this field 1s 

to continue. 

In this report the author reviews previous work in this field 

and then ines the problem in 11 mentioning 

requirements. constraints and cri ria of the design. This 1s 

followed by a description of the final design solution and a 

mention of all the other solutions that were considered. The 

author then discusses the design in detail giving advantages and 

di sadvantages. assumptions. codes The is cone 1 uded 

with recommendations for fUrther work in is field. A 

prototype mechanical driver that was built is ribed 1n an 
append ix. 
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CHAPTER TWO 

LITERATURE SURVEY 

Mechanical drivers have been used by many European car companies 

for exhaust emission control tests where cars have to undergo a 

fixed driving pattern to satisfy regulations. The pattern is 

repeated many times as tuning adjustments are made to the engine. 

Volkswagen in West Germany bu1lt a mechanical driver for their 
motor vehicle exhaust emission programme in 1977. <2> This 

mechanical driver was designed for use in vehicles with an 

automatic transmission. It could be programmed to reproduce any 

driving cycle. The mechanised driver had a power supply which 

was independent of the vehicle's electrical system and was 

self-deactivating in situations where the actual speed differed 

from the theoretical speed by more than ! 15 km/h. 

The entire system was governed by a speed control unit, which 

was computer controlled with a punch tape storage facility. It 

compared the theoretical and actual speed values and generated a 

s i gna 1 to two servo motors which either moved the thrott 1 e or 

the brake pedal, keeping the vehicles' deviations from the 
prescribed speed pattern as low as possible. The control unit 

was adjusted by means of potentiometers so that the 

characteristic of the control unit could be varied according to 
the required speed deviation accuracy (difference between actual 

speed and theoretical speed). It could be set to keep speed 

. deviations within the narrow limits (! 0,5 km/h) which caused 

rapid jerky movements of the accelerator pedal. On the other 

hand it could be set for larger speed difference tolerances 

which resulted in a much smoother throttle motion. 
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Volkswagen found that any qulck movement of the throttle was 

undesirable because it produced unrealistic fuel consumption and 

emmission figures. Thus when vehicles were tested on a 

comparative basis, the speed control unit was adjusted so that 

the motion of the throttle was as smooth as possible. However. 

the speed deviation between theoretical and actual was high (as 

much as 10 km/h in some driving cycles). A frame was installed 

in the place of the front passenger's seat, on which the 

measuring equipment. the speed control unit and a punched-tape 

reader were mounted one on top of another. Arranging the frame 

in this way provided a quick and easy method of installing and 

removing the measuring and control equipment. 

Volkswagen concluded by saying that, for repetitive tests, the 

mechanised driver fully met the. decisive requirement for its' 

use in the standard vehicle i.e. the high reproducibility in 

following a given driving cycle. 

Ford Motor Company of America had an automatic drlver system 

designed by their Product Development Group <3>. The system 

"drove" the vehicle by applying the accelerator and brake pedals 

directly and, unlike the Volkswagen driver, also shifted the 

transmission if the vehicle was equipped with a standard 

transmission. It consisted of a electronic control console 

including a magnetic tape recorder. and a servo hydraulic 

mechanical console. The mechanical console, which consisted of 

high response hydraulic rams, was linked to fixtures in the· 

vehicle via flexible mechanical push-pull cables. These 

fixtures were attached to the accelerator, brake and clutch 

pedals as well as to the gearshift. The main advantage of this 

driver above all the other drivers mentioned here was that all 

the equipment was remote from the vehicle. This permitted the 

design of actuating fixtures which were compact, light weight 

and therefore easy to install and dismantle. 
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Test results indicated, based on several empir1cal parameters, 

that the system "drove" the veh1cle more repeatably then even 

the best human driver. 

Carl Schenck, a West German Company designed a mechanical driver 

for Austin Rover in Britain <4> It was portable and could be 

made to fit any veh1cle. The "driver" was programmed by a 

single manual setting-up procedure. For this purpose the 

individual setting values which were different for each type of 

vehicle, were input in the dialogue mode via a keyboard. The 

speeds were selected manually and the gearshift positions (for a 

maximum of 9 speeds) were preset and stored automatically. The 

points of clutch engagement for the preset gearchanges were 

executed automatically during the cycle. All positions 

determined in this way were recorded and stored by the 

microprocessor system. The brake, clutch, accelerator and 

gearchange mechanisms were operated servopneumatically. An 

advantage of using pneumatics was it's clean and non-toxic 

operation. However it tended to be spongy which is undesirable 

when accurate piston positioning is required. A remote-control 

unit permitted one-man operation from the vehicle when setting· 

up the "driver." The. "driver" conducted the ECE driving cycle 

within the ±. l km/h <5> speed tolerance band and the ±. 0,5 

second time tolerance band. 

Yet another mechanical driver was developed by Britain's 

independent Motor Industry Research Association ( 6) 

Available to auto manufacturers on a customer-contract basis, 

the electro-hydraulic rig had a box-like tubular frame that 

could be fitted in a car without the need to remove seats or 

make any modifications. Three hydraulic cylinders operated the 

clutch, brake and throttle pedals, while two more were paired to 

move the gear selector lever through any required gate for 

either manual or automatic transmissions. 
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The f he servo actuators moved between preset reference 

posit ions i nd1cated by displacement transducers. An advantage 

of using hydraulics was the fact that hydraul1c 011 is 

incompressible wh1ch provides a deflnite displacement without 

any sponginess. This is important when controlling pedal 

position. 

During manual shifts the throttle was positioned according to an 

engine-speed feedback signal, reverting to a roll-speed signal 

after clutch engagement. An advantage of this system is that 

shift force applied to the gear lever was limited to a 

preselected level, and in case of a baulked synchomesh the 

actuator would return to neutral and try again. This prevented 

damage being caused to the gearbox and time being wasted on 

baulked transmission. A dedicated microcomputer controlled the 

drive cycles. A user-friendly teaching program for the 

actuators required only the manual positioning of each vehicle 

control, and stored the position data in the computer by 

depressing one key. Accuracy figures were unavailable for this 

system. 
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CHAPTER THREE 

DEFINITION OF PROBLEM 

3.1 Problem Statement 

A design of a mechanical driver is required. 

3.2 Requirements 

3.2.l The system must be able to drive an automatic 

vehicle over the ECE driving cycle within the 

specified accuracy limits as detailed in 

Appendix C. 

3.2.2 

3.2.3 

The system must return repeatable results 

when testing vehicles for fuel consumpt1on, 

emissions, speeds etc. 

The system must be able to · fit on the 

driver's seat rails of any vehicle and remain 
rigid. 

3.3 Constraints 

3.3.l Where possible, components for the driver 

must be suitable for manufacture in the 

Mechanical Engineering Department's workshop. 

3.3.2 Standard equipment must be used where 

possible. 
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3.3.3 

3.3.4 

3.4 Cr:Her:1a 

3. 4. l 

3.4.2 

3.4.3 

3.4.4 
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The system must be des1gned for use 1n 

vehicles which are be1ng tested on the 

rolling road only. 

The system must have an emergency stop for 

cr1t1cal s1tuations. 

Product1on costs must be kept below R3 000. 

Controls and equipment must be easy for a 

sem1-skilled person to operate. 

The system must be easy for a semi-skilled 

person to install and dismantle. 

The system's control must be able to be 

varied so that dHferent driv1ng accuracies 

can be obtained. 

3.4 
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3.3.3 The must be designed for use 1n 

veh1cles wh'ch are be1ng tested on the 

ron 1 ng road only. 
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CrHe[]a 

3.4.1 Production costs must be kept low R3 000. 

3.4.2 

3.4.3 

3.4.4 

Controls equipment must be ea for a 

111 person to opera 

The sys must be easy for a seml-sk ill ed 

person to install and dismantle. 

's control le to The 
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dHferent driving accuracies 
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CHAPTER FOUR 

SOLUTION SPECIFICATION 

Hydraul1c Soleno1d Valves 

Bosch NG6 No 0 810 090 129 with subplate. 12V d.c. power 

supply. Sw1tch-on t1me 20-60 ms. Sw1tch-off t1me 10-60 ms. 
Max1mum operat1ng pressure 315 bar. Maximum flowrate 50 l/m1n. 

Mass 1.9 kg. 

Hydraulic pistons 

100 mm stroke. Two way action. Internal diameter 15 mm. 

External diameter 25 mm. Designed for manufacture in Mechanical 

Engineering Workshops. 

Electr1c Motor and Pump 

G.E.C. d.c. motor 118 h.p. Speed variable 0 - 900 rpm. Motor 
dr1ves V1king pos1t1ve d1splacement pump via a flexible 
coup11ng. Pump capable of del1ver1ng hydraul1c flu1d at 

67 cc/revolution at 20 bar at 900 rpm but operates at 

7 cc/revolut1on at 6 bar at 700 rpm. 

Hydraulic circuit 

Piping made of 10 mm diameter Bundy tube. Connectors, tees and 

unions - standard equ1pment, supplied by manufacturer. Safety 

pressure valve designed for manufacture 1n the Mechan1cal 

Engineering Workshops. Tank supplied by the ERI. 

\ 
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CHAPTER fOUR 

Bosch NG6 No 0 810 090 129 with subpl 12V d.c. power 

supply. Switch-on time 20-60 ms. Switch-off time 10-60 ms. 

Max1mum operat1ng 

s 1.9 kg. 

sure 315 bar. Maximum f1 owrate 50 l/m1 n. 

100 mm stroke. Two way action. Internal diameter 15 mm. 

External diameter 25 mm. 19ned for manu ture in Mechanical 

ng Workshops. 

G.E.C. d.c. motor 1/8 h.p. Speed variable 0 900 rpm. Motor 

drives Viking positive displacement pump via a flexible 

coupl1ng. Pump capable of del1ver1ng hydraul1c fluid at 

67 cc/revolution 20 r at 900 rpm but at 

7 ccl ution 6 r at 700 rpm. 

Piping made of 10 mm diameter Bundy tube. Connectors, tees and 

unions - standard equipment. supplied by manufacturer. Safety 

sure valve 1 for manufacture in the Mechan1cal 

ineerlng Workshops. supplied by I. 
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Computer 

B.B.C. microcomputer in conjunction with Acorn microcomputer. 

Already installed with rolling road dynamometer. 

Solenoid Switchgear 

Made up from standard electrical components which include 

transistors. diodes. resistors and capacitors. 

Power Sup.RlY. 

Solenoid switchgear can be powered from a seperate 12 V battery 

or from the vehicle's battery by plugging into the vehicle's 

cigarette lighter socket. Tests are conducted while the vehicle 

remains stationary on the rolling road dynomometer which is 

situated in a large laboratory. thus mains power is available. 

The d.c. motor ·is powered from the mains via a variac 

transformer which converts 220 V a.c. into a d.c. voltage that 

can be varied between 0 and approximately 200 V. 

Mechanical Driver frame 

Mild steel. Adjustable for different vehicles. Mounted on 

driver's seat rail. 

feedback 

Vehicle speed feedback to the computer is from a pick-up on the 
rollers and is built into the dynomometer. Pedal position 

feedback to the computer is by means of a circular potentiometer 

which is connected to the ram of the piston. The computer reads 

the position of the ram as a value between O and 1 ,8 and 

converts it to a value between 0 and 65536. 

2-
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&2.mRMter control 

A computer program controls the dr1ver by compar1ng the vehicle 
speed to the theoretical cycle speed and then sends a signal to 

the solenoid valves to either depress or release the accelerator 

or brake pedals to minimise the speed difference. An emergency 

stop button on the computer keyboard a 11 ows the operator to 

retract the cylinders at any time. 

Cost to construct prototype 

W1thout including labour and components that were available in 
the ERI stores, the prototype costs R2 700 to construct. 

3-

A computer program controls the driver by compari the icle 
speed to the theoretical cycle speed and then sends a signal 

solenoid valves to ei r d s or release the accelerator 

or brake pedals ml n1m1 se the speed d if An emergency 

stop button on computer keyboard allows the operator to 

the linders at any time. 

Without including 1 r and components that were available in 
the I stores, the prototype cos R2 700 to construct. 
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CHAPTER fIVE 

CONCEPT FORMATION 

In this chapter all the various solutions that were considered 

are descr1bed w1th the just1f1cat1on of the cho1ce of the final 

solut1on. 

5.1 Work1ng Med1um 

Three work1ng mediums were cons1dered; pneumat1c, 

hydraul1c and electrical 

5. 1 . 1 Pneumat1c - compressed air (pneumatics) can 

be used 1n a s1milar way as hydraulics. 

Similar valves and piping can be used with 

the hydraulic pump be1ng replaced by a 

compressor. A disadvantage of pneumatics is 

that it is compressible. This was 

undesirable since the position1ng of the 

piston was crucial and must not be 

susceptible to fluctuations in pedal or line 

pressure. Also, a 

was required as 

together with a 

relatively large container 

an air resevoir which, 

compressor, would make a 

portable device bulky. Advantages were that 

compressed air is clean and non-toxic and no 

return lines are necessary. It is easy to 

maintain and the c1rcuit components are 

cheaper than their hydraulic equivalent. 
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5. l. 3 
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Hydraul1c - hydraul1c 011 is used 1n many 

appl1cat1ons where p1ston movement 1s 

required. It can be used at high pressures 

and is 1ncompressible. Because of 1ts' many 

applicat1ons, ma1ntenance and spares are 

readily ava1lable. A disadvantage of 

hydraul1cs is that fluids are susceptible to 

leaks and some oils can be corrosive. 

Electr1cal - if stepping or servo motors are 

used to move the pedals then electricity in 

both a.c. and d.c. form can be used. 

Electric1ty is cheap but in most cases 1t is 

the price of the component 1t drives that 

offsets this option. 

Hydraulic oil was chosen as the working 

medium in this design. The main motivation 

for this was the incompressibity of the 

fluid. Because accuracy was one of the 

requirements of the mechanical driver, 1t 

would be undesirable for e1ther of the 

pedal's position to be varied once it had 

been moved to a specific position. 

5.2 Servo Mechanism 

., 

The servo mechanism is the component that both 

depresses and releases the brake and accelerator 

pedals. It must include some form of feedback so that 

the pedal position can be determined at any moment. 

5.1.2 

5.1 .3 
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I 

~ttVclp_l)eJJ.matic . .Qts~on the hydraul le 

and pneumatic piston is virtually the same 

except for the working fluid and is thus 

discussed under the same heading. A two-way 

acting plston would be requlred. These 

pistons were readily avallable 1n a variety 

of sizes and strokes w1th the pneumatic 

piston being slightly cheaper than the 

hydraulic piston. Pistons with low friction 

seals and spherical bearing male clev1s were 

ava1lable from a local hydraulics company. 

These pistons have very little friction and 

hysteresis which improve accuracy and reduce 

hunting. These pistons however, are very 

expensive. Feedback to the computer on the 

position of the piston ram could be supplied 

by a potentiometer. 

Stepping motor a stepping motor is 

essentially a d.c. motor in which the output 

shaft can be made to move in a series of 

discrete angular steps. A spec1al electronic 

drive circuit is ·required to apply the 

current pulses to a series of windings in a 

rotating sequence. A worm gear would be 

necessary to translate the shaft's circular 

motion into a linear motion to depress the 

pedals. The main disadvantage of stepping 

motors was that both the motor and the drive 

was very expensive. Maintenance is 

specialised and thus also costly. 

Some advantages of stepping motors are that 

they have no commutator, brushes or slip 

rings - reliability is therefore very high. 

5.2.1 
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pedals. The main disadvantage of stepping 

motors was that both the motor and the drive 

was very expensive. Maintenance 1s 

specialised and thus also costly. 

Some advantages of stepping motors are that 

they have no commutator, brushes or slip 

rings - rel1abil ity 15 therefore very high. 
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Precise speed control is possible to a high 

accuracy with no long term error. Accuracy 

and repeatability is extremely high. 

Feedback could be supp11ed by a bu1lt-1n 

potent1ometer. 

It was decided to use "workshop manufactured" 

hydraulic p1stons because stepp1ng motors and 

low friction pistons, although accurate, are 

very expensive. The pistons would be cheap 

and easy to ma1ntain. 

5.3 Solenoid Valves 

Soleno1d valves are hydraul1c valves that can be opened 

and closed electrically by means of solenoids. Many 

makes of solenoid valves were available on the market 

and the author dee ided on Bosch va 1 ves because these 

could be readily suppl1ed and serv1ced by a local 

supplier. One solenoid was required for opening and 

one for closing the valve. The opening and closing of 

the valve can be performed in milliseconds. 

On visit1ng a local hydraulic company(7} it was 

established that there are various solutions to a 

closed-loop system which is required here. The system 

is said to be closed because feedback is used and 

compared to the desired reference value (setpoint). 

The error signal resulting from this setpoint/feedback 

comparison is processed into a correcting variable in 

the contro 11 er and is sent to the actuator so that 

errors are continuously corrected (figure 2). The 

method of feedback can be internal or external and this 

gave rise to two possible solutions. 

5.3 
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Error signal Correcting variable 

Set point Actuator Load 

Set oint si nal 

EL power HY power !. '!., ..... ! Measuring device 

Feedback signal 

Figure 2 The closed loop system 

Figure 3 shows a closed loop proportional valve wh1ch 

uses internal feedback. The setpo1nt/feedback signal 

comparison is performed in the electronic closed-loop 

amplifier. An error signal 1s amplif1ed, provided with 

a given trans fer response ( P, I, D - response) and 1 s 

fed to the closed-loop proportional valve as a 

correcting variable. 

off-the-shelf valves 

proportional control 

These ·valves are standard 

and must be purchased with a 

amplifier (which is separate). 

Although these valves are ideal for the design in terms 

of accuracy and response, the major di sad vantage is 

it's exorbitant price. The servo valves alone are in 

the order of R3 000 each whereas all the electrics 

which include PID controller, linear transdurer 

(feedback), relay cards, power supply, comparitor card 

etc cost up to three times that of the valve. 
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Load Feedback signal x 

Correcting variable y Setpoint signal w 

Closed-loop ....-+-·=~·1 r·-· 1·-·1 r·-·1 
proportional valve . j ,. I ,. ,. 1· 

(actuator) ··~~~-+-<~-+-G/1--o--+..+-t. cp\ .H. EE§ . 

figure 3 

. . I L. _ _J L. __ _j 

Valve Closed-loop Machine control Setpoint 
amplifier amplifier system processing 

HY-power supply 

Closed loop proportional valve using 

internal feedback 

External feedback, on the other hand, uses a 

potentiometer (or similar measuring device) to send a 

signal to an external component (e.g. computer) which 
compares the setpoint and feedback signals. The 

computer then sends a signal directly to a soleniod 

valve to take correctiv~ action. Although conventional 

solenoid valves are not ideally suited to on-off 

switching applications, they are nevertheless a 

fraction of the price of the closed loop proportonal 

valves (+- R600 each) 

Cylinder 
(Drivel 

Closed-loop 
proportional valve 
(actuator) 

9-

Feedback signal x 

Closed 1 proportional valve us1 

internal feedback 

Selpoint 
processing 

External feedback. on the other hand. uses a 
potentiometer (or similar measuring device) to send a 
s1 1 to an external component (e.g. computer) which 
compares the setpolnt and feedback signals. The 
computer then sends a signal directly to a soleniod 
valve to take co iva action. Although conventional 
solenoid valves are not ideally suited to on-off 
switchi applications. they are nevertheless a 
fraction of price of the closed loop proportonal 
valves (+- R600 each) 
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Since the production cost of the driver is an important 

criteria it was decided to specify the cheaper solenoid 

· valve for the design. 

The solenoid switchgear c1rcuH is a common c1rcuH 

used 1n many swHch1ng appl1cat1ons thus no alternate 

circuit was considered and standard electr1cal 

components were spec1f1ed. 

5.4 Motor and Pump set 

Once hydraulics was chosen as the working flu1d a 

suitable motor and pump set had to be selected to 

supply the solenoid valves wHh hydraulic 011 at a 

suitable 11ne pressure and flow rate. 

5. 4. 1 Mo..tru:. - a ch o 1c e o f an a . c . or a d . c . mot o r 

was available. A d.c. motor has the 

advantage that Hs 1 speed can be var1ed as 

the voltage applied to its' f1eld and 

armature 1s var1ed. By us1ng a d.c. voltage 

the motor speed could be set at the speed at 

which the optimum piston response was 

ach1eved. The a .c. motor on the other hand 

runs at a set speed, typ1cally 960 or 1400 

rpm. One d 1 sadvantage of a d. c. motor 1 s 

that it ts much more expens 1 ve than an a. c. 

motor. If the d. c. motor 1 s to run off the 

ma1ns, a variable transformer is required to 

convert the ma1ns a.c. voltage into a 

variable d.c. voltage. In fact, two var1ac 

transformers are required, one for the 

armature voltage and one for the f1eld 

voltage. Both a.c. and d.c. motors were 

ava1lable 1n the ERI store. 

5.4 
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the voltage appl1ed to its I field and 

armature is varied. By using a d.c. voltage 
the motor speed could set at the speed 
which the optimum piston response was 
ach1eved. The a.c. motor on other hand 
runs a set speed, typically 960 or 1400 
rpm. One disadvantage of a d.c. motor 1s 
that it much more lYe than an a.c. 
motor. If the d.c. motor 15 to run f the 
mains. a variable transformer 15 required to 
convert mains a.c. vol into a 
variable d.c. voltage. In fact, two variac 
transformers are required, one for the 
armature vol and one for the fi d 
voltage. Both a.c. and d.c. motors were 
available 1n the I store. 
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~ - many types of hydraulic pumps were 

available from suppliers of hydraulic 

equipment. and it was a matter of choosing a 

suitable pump. The ERI on the other hand had 

a number of Viking positive displacement 

pumps which had been in use 1n a number of 

previous applications. 

Thus an advantage of using Viking pumps would 

be that no new capital outlay would be 

necessary and because the ERI staff are 

familiar with these pumps. maintenance costs 

would be low. 

Var1able flow is normally achieved with a 

variable displacement pump and a fixed-speed 

a.c. motor because d.c. motors are much more 

expensive. However. it was decided to use a 

d.c. motor to drive a Viking pump via a 

flexible coupling. In the initial design 

solution. an a.c. motor was specified and 

used on the prototype. This proved 

unsatisfactory because the motor only ran at 

its' rated speed of 1440 rpm and did not 

al low for any speed variation to experiment 
with the response rate of the pistons and 

thus accuracy of the driver. Later a d. c. 

motor was f1tted which could be run at 

various speeds. Opt1mum accuracy could be 

achieved after experimenting at different 
speeds. It was for this reason and the fact 

that a d.c. motor was available 1n the store 

that a d.c. motor was specified for the final 
design. 

5.4.2 
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The V1k1ng pump was chosen for the same 

reason and to keep costs low and keep 

components standard. The requ1rements of 7 

cc/revolut1on at 6 bar and 700 rom can be 

suppl1ed by the V1k1ng pump. A flex1ble 

coup11ng was spec1f1ed so that any 

m1sal1gnment of the motor and pump shafts 

could be compensated for. 

It should be noted here that a 2,2 kw a.c. 

motor together wHh a type s. s lze G gear 
pump would cost 1n the order of R500 each. 

Th1s h1gh cost 1s the ma1n reason why "own 

equ1pment" wh1ch was 11 free 11 was spec1f1ed by 

the author. 

Two forms of feedback were requ1red; veh1cle speed 

feedback and pedal pos1t1on feedback. 

5.5.l ~eb1cle SQeed feedback when the 

dynomometer was constructed a speed sensor 
was bu1 lt 1nto the rollers wh1ch could be fed 
1nto the computer. Th1s method of speed 

feedback has always been used by the ERI. 

thus no alternate method was cons1dered. 

5.5 feedback 
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The Viking pump was chosen for the same 
reason and to keep costs low and keep 
components standard. The requlrements of 7 

cc/revolution at 6 bar and 700 rom can be 
suppl1ed by the Viking pump. A flexible 
coup 11 ng was specified so that any 

misalignment of the motor and pump shafts 
could be compensated for. 

It should be noted here that a 2.2 kw a.c. 

motor together with a type S, size G gear 
pump would cost in the order of R500 each. 

This high cost is the main reason why II own 

equipment" which was "free n was specifled by 

the author. 

Two forms of feedback were required; vehicle speed 

feedback and pedal position feedback. 

5.5.1 yebjc]e sQeed feedback when the 

dynomometer was constructed a speed sensor 
was bullt into the rollers which could be fed 
into the computer. This method of speed 

feedback has always been used by the ERI. 
thus no alternate method was considered. 
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eedal QOSH1on feedback - information on the 

position of the accelerator pedal was an 

essential part of the control system as 

mentioned in 5.3. This information could be 

supplied cheaply and reliably by means of a 

potentiometer. Different types of 

potentiometers were available. The motion of 

the pedal can be considered to be linear 

(moves in a straight line) thus a linear 

rather than a logarithmic potentiometer was 

required. 

Two types of potentiometers were considered 

- one that measured in a circular motion and 

one that measured in a linear motion. The 

circular potentiometer would have to be 

attached to a pulley so that the linear 

motion of the piston ram could be converted 

into a circular motion. The linear operating 

potentiometer on the other hand could be 

attached to the piston ram as is and measure 

piston movement directly. When these two 

options were investigated it was found that 

the maximum stroke available on a linearly 

operating potentiometer was only 80 mm. The 

stroke available on a circular potentiometer 

was limitless since the stroke depended on 

the size of the pulley. Also, a circular 

potentiometer was very cheap when compared to 

the price of a linear potentiometer. 

5.5.2 
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Because the operating stroke of the hydraulic 

ram was 100 mm and because of the vast 

dHference in costs, H was log1cal to opt 
for a circular potentiometer rather than a 

11near potentiometer for the pedal posHion 

feedback. 

5.6 Power supply 

The solenoids on the hydraulic valves were activated by 
12 V d.c. This voltage could be supplied in one of two 

ways. Firstly, a portable 12 V battery could be used, 

although a disadvantage of this would be that it would 

have to be recharged regularly. Secondly, the 12 volts 

could be supplied from the test vehicle's battery. 

This could be done very easily by connecting the 

solenoid terminals into a cigarette lighter adapter and 

plugging this into the socket inside the vehicle. 

Advantages of this would be the ease of installation 

and the fact that the battery need not be charged. 

The motor driving the hydraulic pump was a d.c. motor. 
It required two d.c. voltage sources - a constant 100 V 

d.c. source for the field and a variable d.c. source 

for the armature. A variable d.c. voltage source was 

not available in the testing laboratory but portable 

variable transformers, capable of converting a.c. mains 

into a variable d.c. voltage were available in the 

instrument store. Because of their suitability and 
availability, no alternate choices were considered. 

Two variable transformers were specHied in the final 

design, one each for the field and armature. 

5.6 
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5.7 Mechan1cal Or1ver frame 

Two d1 fferent types of frames were cons 1dered; one 

that f Hted across both the front seats and one that 
f1tted 1n the place of the dr1ver's seat. 

5.7.l frame across both the front seats - th1s 

frame was made of 25 X 25 mm square ml ld 

steel tub1ng. As seen 1n f1gure 4 the 

rectangular frame was supported at both ends 

w1th adjustable bars extend1ng to the roof of 
the veh1cle to g1ve r1g1d1ty to the frame. 

Front 
seat Adjustable bars 

to roof of car 

f1gure 4 Side view of frame across both the 

front seats 
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5.7 Mechanical Driyer frame 

Two different types of frames were considered; one 

that fitted across both the front seats and one that 
fitted in the place of the driver's seat. 

5.7.1 frame across both the front seats - this 

frame was made of 25 X 25 mm square m1ld 

steel tub1ng. As seen 1n figure 4 the 

rectangular frame was supported at both ends 

with adjustable bars extending to the roof of 

the vehicle to give rigidity to the frame. 

Front 
seat Ad~i us tab 1 e ba rs 

to roof of car 

figure 4 Side view of frame across both the 

front seats 
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An advantage of this frame was that neither 

of the front seats needed to be removed, but 

on the other hand, 1t was large and bulky 

which made H d Hf kult to i nsta 11. A 1 so, 

because of the long distance between the 

frame and the pedals, pistons with a long 

stroke were required to move the pedals. 

frame 1 n place of the drjyer' s seat - th1 s 

frame was also constructed of mild steel. It 

was designed to fit on the rail of the 
dr1vers seat. Th1s prov1ded r1g1d1ty and 1t 

could be adjusted backwards or forwards in 
the same way as the seat 1 s adjusted. It 

could also be adjusted width-w1se so that 1t 

could be 1nstalled 1nto dHferent vehicles. 

A d1sadvantage of th1s frame was that the 

driver's seat had to be removed for 1t to be 

1nstalled. However, 1t was far less bulky 

than the frame across the seats wh1ch made it 

eas1er to set up. Also, shorter pistons 

could be used because the frame could be 

adjusted so that the p1stons would be close 

to the pedals. figure 5 shows a sketch of 
the frame from the top v1ew. 

It was dec1ded to use the frame that fitted 

on the seat ra11 because 1t was less bulky, 

cheaper to construct and easier to install. 

5.1.2 

An 
of the 
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Car seat rail 

Piston 

Top v1ew of frame mounted on the 
dr1ver•s seat ra1l 

-21-

Car seat rail 

piston 

Seat adjustment 

Top view of frame mounted on the 
driver's seat rail 
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CHAPTER SIX 

DISCUSSION Of SOLUTION 

The follow1ng 1s a discussion of the f1nal design solut1on as 

seen by the author. It must be borne 1n mind that this was a 

low-budget design and that where poss1ble, equ1pment already 1n 

the ERi's possession was specH1ed. The design specified here 

1s thus not an opt1mum one but one that 1s funct1onal and 

inexpensive. 

A prototype mechan1cal driver was bu1lt to an initial design 

solut1on and some faults were discovered. Most of these faults 

were solved by us1ng alternate components or equ1pment. These 

solut1ons were then specified for the f1nal des1gn solution, 

which is d1scussed below. 

6.1 Hydraul 1c C1rcult 

figure 6 shows the hydraul1c circult layout. Standard 

10 mm d1ameter Bundy tube 1s used for the circuit 

tubing. A d.c. motor 1s coupled to a constant flow 

hydraul1c pump which pumps hydraulic fluid from a 

tank. When the solenoid valves are de-energised, Le. 

closed, the 011 flows from the pump, through the safety 

va 1 ve ( 1) and back to the tank. The safety va 1 ve 1 s 

preset at a set pressure. If the system pressure falls 

below this set pressure, e.g. a soleno1d valve opens, 

the safety valve will close and the oil will be 

directed up to the solenoid. valve through the filter 

( 2). Once the operation is complete and the solenoid 

valve closes, the system pressure is brought up to the 

safety valve preset pressure again. 
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At th ls point the safety valve opens and the 011 is 
redirected back to the tank once again. In this way, 
the safety valve maintains the system pressure and 

prevents the build-up of pressure during operation. 

The safety valve used on the prototype mechan1ca1 

driver was designed for construction in the Mechanical 

Engineering workshops. A detailed working drawing of 

the valve is shown in Appendix E. The preset pressure 

is adjusted by screwing the bolt in or out to increase 

or decrease the pressure respectively. 

(2) 

I) 

~ 

I I 
figure 6 Hydraulic circuit layout 
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At th1 s pol nt the safety va he opens and the oil 1 s 
red1rected back to the tank once aga1n. In thls way. 
the safety valve ma\nta1ns the system pressure and 

prevents the bu11d-up of pressure dur1ng operat1on. 

The safety valve used on the prototype mechanical 

dr1ver was deslgned for constructlon ln the Mechan1cal 

Engineerlng workshops. A deta\led working drawing of 

the valve 1s shown 1n Append1x E. The preset pressure 

is adjusted by screwing the bolt In or out to increase 

or decrease the pressure respectlvely. 

(2) 

1) 

~ 

I I 
Figure 6 Hydraulic circuit layout 



Univ
ers

ity
of 

Cap
e T

ow
n 

-30-

6.2 Plstons 

The p1stons are des1gned for constructlon 1n the 
Mechanlca l Engl neer1 ng workshops. The pl stons are made 

from 25 mm dlameter low carbon steel bar wlth a reamed 

15 mm 1nternal dlameter. The rear end of the plston ls 

closed off wlth a threaded cap whlch can be removed for 

ma 1 ntenance. The front end 1 s s 1m11ar except the cap 

has a 5 mm dlameter hole drllled through the centre to 

accommodate the plston ram. It also has a splgot so 

that the plston ram hole ls located centrally. Both 

ends are sealed with rubber gaskets. An 1nlet and an 

outlet port ls sllver soldered onto the plston and 

threaded so that the connectors from the hydraulic 

plpes can be attached. The ram ls a .stalnless steel 

rod 5 mm dlameter and 180 mm long with the p1ston on 

one end. The pl s ton has a rubber 011 seal fitted on 

the outslde wh1ch prevents any oll leaklng past lt 

whlle 1n operation Two c1rcl1ps are fltted 1nto the 

loner cyl1nder to set the extremet1es of the travel of 

the ram. In th1s des1gn the c1rcl1ps were set to g1ve 

a stroke of 100 mm. The p1stons, are shown 1n deta11 ln 

Append1x E. 

6.3 Soleno1d Valves and Sw1tchgear 

The two solenoid valves are Bosch NG6 d1rect1onal 

control valves. Each valve has a maxlmum operat1ng 

pressure of 315 bar and a maxlmum flowrate of 50 l/m1n 

whlch 1s well above deslgn operating conditlons. It 

was declded to use the NG6 valves above the smaller NG4 

valves because the latter valves are no longer standard 

and are not ava1lable as off-shelf stock. 

6.2 

6.3 
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The pistons are designed for construct1on 1n the 
Mechanical Eng1neerlng workshops. The pistons are made 
from 25 mm d1 low carbon 1 bar w1th a 

15 mm internal diameter. The rear end of the piston is 

closed cap whi can be removed 
maintenance. front end is simi r except the 

has a 5 mm di r hole drilled through the centre to 
accommodate the p15ton ram. It also has a spigot so 
that the piston ram hole 1s loca centrally. Both 
ends are sealed with rubber gaskets. An inlet and an 
outlet port is s11ver sol pi 
threaded so the connectors from the hydraulic 
pipes can The ram 15 a .stalnless s 1 
rod 5 mm d' and 180 mm long with the piston on 
one end. The piston has a rubber 011 seal fitted on 

the outside which prevents any 011 leaking past it 
while in ope ion Two circli are fitted into 
inner cylinder to the ext ies of the travel 

ram. In 15 the circli were set to give 

a stroke of 100 mm. The pistons l are shown 1n detail in 
Appendix E. 

The two solenoid valves are h NG6 directional 
control valves. h valve s a maximum operati 
pressure of 315 r and a maximum flowrate of 50 l/min 
which is well above design operati condHions. It 

was decided to use the NG6 valves above the smaller NG4 
valves because the latter valves are no longer standard 
and are not avail le as off-shelf s 
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Each valve has two solenoids which are activated by a 

12 V d.c voltage. When the one solenoid is activated 

the piston wi 11 extend and it wi 11 retract when the 

other solenoid is activated. If either solenoid is 

de-activated the valve will return to it's neutral 

position by means of a return spring. 

The 12 V d.c. used to activate the solenoids can be 

supplied by a seperate battery or can be supp11ed by 

the battery of the car being tested by connecting the 

solenoid switchgear ·terminals into the cigarette 

lighter socket. Figure 7 shows the circuit diagram of 

the switchgear. Terminal A is connected to the output 

port of the BBC computer wh\ch is either high ( 5V) or 

low (OV). If terminal A is high, then transistor BC109 

is switched on which 1n turn switches on transistor 

MJE3055. The 12 V rail has now been connected to 

ground so current wi 11 f 1 ow through the so 1 enoid. If 

terminal A goes low (OV), the BC 109 is switched off 

wh1ch sw1tches the MJE 3055 off. There 1s now an open 

circuit between the 12 V ra11 and ground so the 

solenoid is de-activated. 

The diode which is placed in parallel with the solenoid 

prevents any back surge of current through the solenoid 

when it is de-activated. The MJE 3055 is a heavy duty 

transistor for applications with h1gh currents. 

-31-

Each valve has two en01ds wh1 are hated by a 

12 V d.c voltage. When the one solenoid is acthated 

the pi ston will extend and H will ract when the 

other en01d 1s acthated. If eHher solenoid 1s 

lvated the valve will return to it's neutral 

lt10n by means of a return spring. 

The 12 V d.c. used to acthate the solenoids can be 

supplied by a seperate ttery or can be supplied by 

the battery of the car being tested by connecting 

solenoid swHchgear -terminals into the ci rette 

1 ighter socket. figure 1 shows the c1 rcuH di ram of 

the switchgear. Terminal A is connected to the output 

port of BBC wh1ch 15 either high (5V) or 

low (oV). If terminal A 1s high, then transistor 109 

is swHched on which 1n turn swl on transistor 

MJE3055. The 12 V rail has now been connected 

ground so current will flow through the solenoid. If 

rminal A goes low (OV). the BC 109 is swHched off 

which switches the MJE 3055 off. There 1s now an open 

circuit between the 12 V rail and ground so the 

solenold 1s t hated. 

The diode which is placed ln rallel with the solenoid 

prevents any back surge of current through the solenoid 

when 1t 1 s hated. The MJE is a heavy duty 

transistor for appll 10ns with high currents. 
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The BC 109 can only take a few m\l\amps, therefore this 
trans\stor \s used to sw\tch on the MJE 3055 wh\ch w111 

be able to take the current that flows through the 
solenoid. Th\s sw1tchgear c\rcu1t \s commonly used \n 
app11cat1ons where high current sw1tch1ng 1s required. 

---i..---12 v 

Diode Solenoid 

1 kJl 
BC 109 

MJE 3-055 

1 Mil 

F\gure 7 C1rcu1t d\agram of switchgear 
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The BC 109 can only take a few m\liamps. therefore this 
transis r is to swi h on the 3055 which will 

be able take the current that flows through the 

solenoid. This sw1 r circuit is commonly used in 
applications high current sw1 h1ng 1s ired. 

----..-- 12 V 

Diode Solenoid 

O,lr 

Circuit diagram of switchgear 
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6.4 Pump and Motor set 

The motor is a GEC d.c. motor with a 110 h.p rating. 
Because it is a d.c. motor, it is possible to run it at 

any speed between O - 900 rpm. The armature and field 

can be excited by seperate variable currents. The 

power is drawn from the mains and passed through a 

variable transformer and enters the motor as a direct 

current which can be varied between 0 and approximately 

200 volts. The field voltage must remain at a fixed 

100 volts and the armature voltage can be varied 

according to whatever speed is requlred. It should be 

noted here that a d.c. motor would not have been 

specified for the design had it not been made available 
by the University. If building this design from 

scratch it would be far cheaper to use an a .c. motor 

coupled to a variable pump. O.C. motors are in the 

order of five times the price of a.c. motors and are 

only used in special applications.· 

The motor drives a positive displacement Viking pump 

via a flexible coupling. The coupling allows for 

slight misalignments between the motor and the pump 

shafts and absorbs any shock loads. The Viking pump is 

capable of pumping hydraulic fluid at 67 cc/revolution 

at 20 bar at 900 rpm, but for the purpose of the 
design, a flowrate of 7 cc/revolution at 6 bar at 700 

rpm was set. The motor speed can be varied until these 

conditions are obtained. It was found that at high 

pressures and flowrates it was very dHficult to move 

the piston short distances. The pistons have a small 

diameter and a short stroke, thus only a small flow is 

required to move them. 

6.4 

motor is a GEC d.c. motor with a 1/8 h.p rating. 

Because it is a d.c. motor. it 1s possible to run 1t at 

any speed between a - 900 rpm. The armature and fl d 

can be excited by variable currents. The 

power is drawn from the ma 1 ns and pas sed through a 

variable transformer and the motor as a dl 

current wh1ch can varied between a and approximately 

200 volts. The field vol must remain a fixed 

100 vol and the armature voltage can be varied 

according to whatever speed 15 requ1 red. It should be 

noted here that a d.c. motor would not have 

speclfied for the design had it not been made available 

by the University. If building th1s design from 

scratch it would be r cheaper to use an a.c. motor 

coupled to a var1able pump. D.C. motors are in the 

order of five times the price of a.c. motors and are 

only used in s 1a1 applications .. 

The motor drives a positive d1sp1acement Viking pump 

via a flexible coupling. The coupling allows for 

slight misalignments between the motor and the pump 

shafts and absorbs any shock loads. The Viking pump 1s 

capable of pumping hydraulic fluid at 61 c(/revolution 

at bar at 900 rpm, but for the purpose of 

design, a flowrate of 7 cc/revolution at 6 bar at 700 

rpm was s The motor speed can be varied until these 

conditions are obtained. It was found that at high 

pressures and flowrates it was very difficult to move 

the phton short dis s. pistons have a small 

diameter and a short stroke, thus only a small flow is 

required to move them. 
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6.5 feedback 

As descr1bed 1n the prev1ous chapter, the veh1cle speed 

feedback was built into the dynomometer when 1t was 

constructed and is thus not a part of the design. The 

pedal position feedback on the other hand is a part of 

the mechanical driver des1gn. The feedback 1s supplied 

by a circular potentiometer wHh an angular range of 

210°. The potentiometer is attached to a pulley so 

that the linear motion of the pedal is converted into a 

c1rcular motion, wh1ch can then be measured by the 

potentiometer. The size of the pulley is calculated so 

that the l 00 mm pis ton stroke corresponds to the full 
210° angular range of the potent1ometer. Str1ng 1s 

wrapped around the pulley and attached to the p1ston 

ram so that as the ram extends, the pulley rotates thus 

chang1ng the resistance of the potentiometer. The 

pulley is spring-loaded so that the string is kept taut 

in all pedal pos1tions. 

6.6 Power Supply 

Power for the solenoid switchgear is supplied by the 

test veh1cle's battery. The swHchgear term1nals are 

connected to a cigarette lighter plug so that the power 
can be supp11ed d1rectly by 1nserting the plug 1nto the 

cigarette 11ght socket. This provides for a quick and 

easy 1nstallation. 

6.5 

6.6 

-34-

As described 1n the previous chapter. vehicle speed 
feedback was built into the dynamometer when it was 
constructed and is thus not a pa of the 19n. The 

1 position feedback on the other hand 1S a pa of 
the mechanical driver design. The feedback is supplied 

by a ci rcular potentl r with an angular range of 
2100

• The potentiometer is attached to a pulley so 

the linear motion of the pedal is converted into a 
circular motion, which can then be measured by the 
potentiometer. The size the pull 1s calcul so 
that the 100 mm pi s ton roke corresponds to the full 
2100 angular range of the potentiometer. String 15 
wrapped around the pulley and attached to the piston 
ram so that as the ram extends, the pulley thus 

chang; the resistance of the potentiometer. The 
pulley 1s spring-loaded so that string is kept t 
1n all pedal positions. 

Power for the solenoid switchgear is supplied by the 
test vehicle's ba The switchgear terminals are 
connected to a cigarette l1ghter pl so that power 
can suppli directly by inserting the plug into the 
cigarette light socket. Thls provides a quick and 
easy ins 11 ion. 
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-The d.c. motor driving the hydraulic pump is powered by 
two d.c. voltage sources which are supplied by 

converting the 230 V a.c. mains into d.c. by means of 
trans formers. The output of these transformers can be 

varied so that any d.c. voltage between 0 and 200 V can 

be supplied. The field is energised by a constant 100 

V d.c. while the armature is supplied a voltage 

according to the motor speed that is required. By 

varying the armature voltage, the motor speed can be 

varied between 0 and 900 r.p.m. 

6.7 Computer Control 

At present the ERI uses two computers in conjunction 

with the rolling road dynomometer. One is an Acorn 

computer which is used to control the dynomometer. 

Parameters, characteristic of the particular vehicle 

being tested, are entered into the computer before the 

test. ·This computer controls the resisting torque 

which simulates the vehicle's inertia when the vehicle 

is under acceleration and deceleration and also 

simulates the wind drag resistance on the vehicle. 

The other computer is a BBC computer coupled to a disc 
I 

drive. A BBC computer is used here because it has been 
in use with the rolling road since the rolling road was 

built. It has a built-in analogue-to-digital converter 

which can read inputs at a rate of 20 msec (i.e. 50 

readings per second). This computer is connected to 
two visual display units - one in the control room with 

the computer and one next to the car being tested. 

Vehicle speed feedback from the rollers is fed into the 

computer which is used to indicate the vehicle's speed 

and position on the driving cycle and is displayed on 
the screens. 
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~he d.c. motor dr1v1ng the hydrau11c pump 1s powered by 
two d.c. voltage sources wh1ch are suppl1ed by 

convertlng the 230 V a.c. mains into d.c. by means of 
trans formers. The output of these trans formers can be 

varied so that any d.c. voltage between 0 and 200 V can 

be suppl1ed. The f1eld is energised by a constant 100 

V d.c. wh1le the armature 1s supp'1ed a voltage 

accord1ng to the motor speed that 1s required. By 

vary1ng the armature voltage. the motor speed can be 

var1ed between 0 and 900 r.p.m. 

6.7 Computer Control 

At present the ERI uses two computers in conj unct i on 

wi th the ro 111 ng road dynomometer. One 1s an Acorn 

computer which is used to· control the dynomometer. 

Parameters. character1stic of the part1cular vehicle 

be1ng tested, are entered into the computer before the 
test. . Th1s computer controls the res1sting torque 

which s1mulates the vehicle's inert1a when the vehicle 

is under accelerat10n and decelerat10n and also 

simulates the w1nd drag resistance on the vehicle. 

The other computer is a SSC computer coupled to a disc 
I 

dr1ve. A BBC computer 1s used here because 1t has been 

in use with the rolling road since the rolling road was 
bu11t. It has a built-in analogue-to-digital converter 

wh1ch can read 1nputs at a rate of 20 msec (1.e. 50 

read1ngs per second). This computer 15 connected to 
two visual display units - one 1n the control room with 

the computer and one next to the car being tested. 

Vehicle speed feedback from the rollers 1s fed into the 

computer wh1ch 1s used to indicate the vehicle's speed 

and posHion on the driving cycle and is displayed on 
the screens. 
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At present the dr1ver of the veh1cle uses th1s v1sual 

d1splay to ant1c1pate the dr1v1ng cycle 1n advance. 

Once the mechan1cal dr1ver 1s 1n operat1on 1t will 

serve as an indicat1on to the operator as to how 

accurately the dr1v1ng cycle is be1ng followed. 

f1gure 8 is the process control diagram wh1ch 

1ncorporates two feedback loops. The one 1s the 

veh1cle speed feedback from the roll1ng road (f) and 

the other is from the p1ston pos1t1on (e). 

Starting at the left hand side of the diagram - the set 

speed ( Ysp) (from the ECE cycle) 1 s compared w1th the 

actual speed (Ya) wh1ch 1s fed back from the roll1ng 

road. This is read by the computer (a) wh1ch sends out 

a dev1ation s1gnal (~ 1 ) to move the piston. 

Th1s signal is compared to the present piston position 

(Yp) and the computer determines the new position. 

This results in the signal (t;
2

) being sent to the 

solenoid valve (b) with the new piston pos1tion. All 

the above takes place in the computer wh1ch is the 

controller of the process. The process is described 

below. 

The solenoid valve receives the signal and moves the 

piston (c) accord1ngly. This results in a vehicle 

speed increase or decrease (accord1ng to the speed 

error) since the piston acts on the accelerator pedal 

(d). The new p1ston pos1t1on (e) and veh1cle speed (f) 

is fed back to the computer to close the loop. 

The above system is called a double feedback loop 
system(B). 

-3&-

At present 
display to 

driver of the vehicle uses this visual 
lci the driv1ng le 1n advance. 

Once the mechanical driver 1s 1n operation it will 
serve as an indication to the operator as to how 
Bccurately the driving cycle is ing llowed. 

f1gure 8 1s process di ram which 

incorporates two feedback loops. one is the 

vehicle speed from the rolling road (f) and 

the other is from the piston position (e). 

starting at the 1 hand side of the di ram - the set 
speed (Ysp) (from the EeE cyc le) is compared wHh the 

1 speed ( ) whi 1s fed from the rolling 

road. This is by the computer (a) which sends out 

a deviation s1 ~) to move the pi 

This signal is red to the pres piston posHion 

( Yp) and the computer determines the new posHion. 

This results in signal ) be1 sent to the 

solenoid valve (b) with the new pi ston Hion. All 

above takes place in the computer which is the 

controller of the ss. The process is cribed 

below. 

so lenoid va he receives the s 19na 1 and moves the 
piston (c) accordingly. This resul in a vehicle 

increase or rease 
error) slnce the pl acts 
(d). The new piston posHion 

is fed back to the computer to 

The above system is call 
system(8) . 

(according speed 
on the accel r pedal 
(e) and vehicle speed (f) 

close the loop. 

a double k loop 
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f 

Figure 8 Process control diagram 

6.8 Computer Program Flow Diagram 

The flow 

Figure 9 

Appendix B. 

diagram of the computer program 1 s shown in 

and the program itself is reproduced in 

The following 1s a descript1on of the flow 

diagram. 

To start w1th, all the in1tial parameters are set. 

This includes setting the input and output ports to 

receive. and relay information respectively. If a 

driving cycle different to the one last run (and thus 

still on disc) is to be used, then this new cycle is 

entered in intervals of one second and stored on disc. 

If the cycle to be driven is the same as the one used 

previously, it is called up from disc and stored in the 

computer memory. The cycle to be used is now stored in 

memory and ready to run. When the operator is ready, 

he presses the spacebar key which sets the timer and 

starts the cycle. The computer reads the actual speed 

from the dynometer, compares 1t w1th the theoretical 

cycle speed and computes the error. This error is 

stored in a memory and used at a later stage to 

determine the cycle analysis (standard error and 

maximum error). 

6.8 

y 
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-- ., r--- ____ ..P.!.<2F~s.§ ________ _ 

II I, 
II b 
II L ____________ - _______ _ 

Y(p) 

Process control dlagram 

flow d1 

figure 9 and 

Appendlx B. 

diagram. 

computer p 

program ltself 1s 

llowlng is a descrl 

1 s shown 1n 

reproduced 1n 

10n of the flow 

To start with, an the initial parameters are set. 

Th1s 1nc1 sett1 the input and output ports to 

receive. and rel tion respectively. If a 

driving cycle dHfe to the one last run (and thus 

st111 on disc) is to be used, then this new cycle is 

entered in intervals of one second and stored on disc. 

If the cycle to be driven 1s the same as one used 

lously, it is call up from disc and in the 

computer memory. cycle to be used 1s now 1n 

memory and ready to run. When the operator 1s ready. 

presses the r key whlch sets timer and 

starts the cyc 1 e. The computer reads the actua 1 speed 

from the dynometer. compares it with the theoretical 

cycle speed and computes the error. This error 1s 

stored 1n a memory used at a 1 to 

rmlne the le analysis ( error and 

maximum error). 
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If the error 1s larger than the error calculated on the 

prev1ous loop (1.e. the veh1cle 1s dev1ating further 

from the cycle), the procedure for mov1ng the 
accelerator pedal 1s executed. If the error 1s smaller 

than the previous error (1.e. the veh1cle is be1ng 

dr1ven closer to the cycle), the program is paused for 

approx1mately half a second (to allow for a change in 

actual speed i.e. vehicle inertia) and a new loop 1s 

started if the driving cycle has not been completed. 

If at any stage the cycle speed is zero i.e. the 

vehicle is 1dl1ng, the procedure to press the brake 

pedal 1s executed. This 1s essential because all 

vehicles using this mechanical driver will have an 

automatic transmission (see Requirements 3.2.1) and 

automatic vehicles tend to crawl forward on idle. 

In the accelerator pedal procedure, the pedal is 

depressed or released an amount proportional to the 

difference between the theoretical and actual speeds 

e.g. if the pedal is at position 20 (0 being the 

released position and 100 being the floored position) 

and the actual speed is 5 km/h below the theoretical 

speed,- the accelerator will be pressed to position 25. 

After a pause the speeds are compared again and the 

necessary adjustments made. It is possible to change 
the amount by wh 1 ch the accelerator peda 1 is moved for 

each km/h the speeds are out, thereby varying the 

accuracy of the driver. 

When the cycle has been completed the computer gives an 

error analysis which is an indication to the operator 

as to how accurate the cycle was executed. A standard 

error and a maximum error is given. 

-38-

If the error 1s larger than the error calculated on the 

previous loop (i.e. the vehicle is deviating further 

from the cycle). the procedure for moving the 

accelerator pedal is executed. If the error is smaller 

than the previous error (i.e. the vehicle is being 

driven closer to the cycle), the program is paused for 

approximately half a second (to allow for a change in 

actual speed i.e. vehicle inertia) and a new loop is 

started if the driving cycle has not been completed. 

If at any stage the cycle speed is zero i.e. the 

vehicle is idling, the procedure to press the brake 

pedal is executed. This is essential because all 

vehicles using this mechanical driver will have an 

automatic transmission (see Requirements 3.2.1) and 

automatic vehicles tend to crawl forward on idle. 

In the accelerator pedal procedure. the pedal is 

depressed or released an amount proportional to the 

difference between the theoretica 1 and actual speeds 

e.g. if the pedal is at position 20 (0 being the 

released position and 100 being the floored position) 

and the actual speed is 5 km/h below the theoretical 

speed,' the accelerator will be pressed to position 25. 

After a pause the speeds are compared again and the 

necessary adjustments made. It is possible to change 

the amount by which the accelerator pedal is moved for 

each km/h the speeds are out, thereby varying the 

accuracy of the driver. 

When the cycle has been completed the computer gives an 

error analysis which is an indication to the operator 

as to how accurate the cycle was executed. A standard 

error and a maximum error is given. 
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Enter new cycle and store 
on d1sc 

Start dr1v1ng cycle and 
set the t1mer 

Set 1n1t1al cond1t1ons 

Has the elapsed 
i-------t durat1on of 

the 

and theoret1cal 
store d1fference 

ls d1fference larger than prev1ously 
calculated d1fference? 

1---.----t Is the theoret1ca 1 s eed zero? 

Go to procedure for 
mov1ng accelerator 
pedal to new pos1t1on 
accord1ng to 
d1fference 

End Procedure 

Pr1nt 

ENO 

Go to procedure for 
mov1ng brake pedal to 
prevent veh1cle from 
mov1n for.1ard 

End Procedure 

F1gure 9 BBC Computer program flowchart 

PAUSE 
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Set 1n1 tta 1 

NO Do ou want to 

Enter 

Call up dr1v1ng cycle from d1sc 
~--------~and store 1n com uter memor 

Has the elapsed 
Ir---__ --~ durat10n of 

and theoretical 
store difference 

Is difference larger than previously 
calculated d1fference? 

Is the 

60 to procedure for 
moving accelerator 
pedal to new posit1on 
according to 
dHference 

Print 

eed zero? 

60 to procedure for 
moving brake pedal to 
prevent vehicle from 
mov1n forward 

BBC Computer program flowchart 

PAUSE 
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6.9 Mechanical Driver frame 

The frame is constructed from mild steel. · It is 

designed to fit on the ra11 of the drivers seat. It 

can be adjusted width-wise so that it can be installed 

into vehicles with different seat rail widths. The 

frame can be moved backwards and forwards in the same 

way as the front seats of the car are adjusted. 

The two hydraulic cylinders are secured onto plates 

which can rotate so that the cyl iders can act on the 

pedals at various angles. The plates rotate on a 

horizontal bar which is supported by the frame (see the 

main drawings in Appendix E). The frame should take 

approximately ten minutes to set up. 

6.10 Operating the Mechanical Driver 

The prototype driver was tested over several simple 

driving cycles Initially the mechanical driver caused 

the vehicle's speed to 11 hunt 11 excessively around the 

desired cycle speed. This was caused by the continual 

rapid depressing and releasing of the accelerator pedal 
which is considered undesireable< 2>. The computer 
program was continually varied by changing the sampling 

rate and the distance of accelerator movement per km/h 
difference to improve on the driver accuracy. Time did 
not allow the prototype to be used on the full ECE 

cycle as the author was not satisfied with accuracy 
obtained on partial ECE cycle tests. The prototype was 

particularly inacurate at points on the driving cycle 

where a sudden acceleration or deceleration was 
required. (See figure 11). 

6.9 

-40-

The frame 1s constructed from m11d steel. It is 
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can be adjus wldth-wise so that it can be installed 
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frame can moved backwards and forwards in the same 

way as the front s of the car are adjusted. 

The two hydraulic cylinders are secured onto pl 
which can so that the cyl iders can act on the 
pedals at various angles. The pl rotate on a 
horizontal r which is supported by the frame (see the 
main drawl 1n Appendix E). frame should 
approximately ten minutes to up. 

6.10 Operating tbe Mecbanica1 Driver 

The prototype driver was tested over several simple 
driving cycles itially the mechanical driver 
the vehicle I s to "hunt" excess hely around 

desired cycle speed. This was by the contlnual 
rapid depressing and releasing of accelerator 1 
wh1ch 1s cons1dered undesireable(2). The computer 
program was inually varied by c ng1ng the sampling 
rate and the distance of accelerator movement per km/h 
difference to improve on the driver accuracy. Time did 
not allow prototype to be on the full 
cycle as the author was not hfied wHh accuracy 
obtained on ial EeE cycle The prototype was 
partlcularly inacurate at points on the driving cycle 
where a sudden acceleration or deceleration was 
required. ( figure 11). 
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The computer could not ant1c1pate a sudden change 1n 

speed and thus overshot and took t 1me to re-correct 

istelf. The program was changed to read the cycle 

speed one second ahead of real time~ This improved the 

accuracy at these points but still could not keep the 

driver within the allowed envelope. 

An emergency stop button was also allocated to a 

computer key. Should the operator wish to term1 nate 

the test or should a· dangerous situation develop for 

any reason, this emergency stop button. can be pushed 

and both the hydraulic pistons would retract thus 

deactivating the driver. 

6.11 Procedure for setting up the Mechanical Driver 

Before any vehicle can be tested, the dynomometer 

intertia weights have to be selected according to the 

mass of the vehicle being tested. These inertia 

weights are attached to the shafts of the rollers and 

simulate the mass of the vehicle when it is under 

acceleration and deceleration. Also, because the 

vehicle remains stationary during tests, a cooling fan 

has to be placed in front of the vehicle to blow cool 

a1r through the radiator. 
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An extraction fan 1s also required to be placed over 
the exhaust pipe to prevent the exhaust fumes from 

polluting the laboratory. The following procedure 
should be followed when setting the mechanical drher 

up for a vehicle test. 

1. Remove drivers' seat so that the rails are exposed. 

2. Attach frame onto rail so that it can slide freely. 

3. Position the frame so that the rams of the hydraulic 

pistons are firmly against the brake and accelerator 

pedals. 

4. Lock the frame in position. 

5. Connect ribbon cable into the computers' user port 

including wires to the switchgear and feedback from 

potentiometer. 

6. Connect variable transformers to mains. 

7. Connect switchgear to l 2V source (either seperate car 

battery or directly into cigarette lighter socket). 

8. Enter the driving cycle into the BBC computer. 

9. Once the computer is ready to run, energise the 

variable transformers and run the motor up to desired 

speed. 

10. Switch on cooling and extraction fans. 

11. Start the driving cycle from the computer. Note: 
Operator must remain at the computer so that he can 

push the emergency stop button H a critical situation 

develops. 
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12. Once the cycle 1s complete, note cycle error analys1s. 

13. Repeat steps 10 and 11 1f cycle 1s to be re-run. 

14. Once all tests have been completed, d1smantle the 

equ1pment in reverse sequence as above. 

6.12 T1me Analysis 

In this section, an analys1s of all the t1me 1ncrements 
1nvolved in the control process 1s made 1n an attempt 

to determine whether the dr1ver is capable of "driv1ng" 

the veh1cle w1th1n the tolerance of the ECE cycle. 

At the sharpest change 1n the dr1v1ng cycle, correct1ve 

action can only be delayed by 0,5 seconds< 5>. The 

t1me taken in the mechanical control i.e. from the 

voltage first appearing on the valve solenoid unt11 the 

vehicle has reached the desired speed can be split up 

as follows: 

Switching time on solenoid = 0,05 seconds 

Piston movement to new position = 0,25 seconds 

Assume vehicle inertia delay = 1,0 seconds 

Thus it takes 1,30 seconds for the vehicle to reach the 

new speed. 

Software delay can be presented as follows: 

Computer reading of two speeds = 0,05 seconds 

Computing and logging of error= 0,10 seconds 
Sending of signal to solenoid = 0,05 seconds 

--
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Therefore a total of at least 1,50 seconds is required 

from the time the computer reads the speeds unti 1 the 

vehicle achieves it's new speed. 

In an attempt to overcome this sluggish control 
behaviour, the computer program was made to "look 

ahead" by one second. This, in theory gave a de 1 ay 

time of 0,5 seconds which is within the ECE cycle 

accuracy envelope. In practice, however, delay time 
exceeded one second on some parts of the eye 1 e (see 
F1gure 11). The prototype mechanical driver was not 

tested with the "look ahead" algorithm of greater than 
one second. 

A faster, more modern computer (e.g. IBM-compatible) 

would most certainly cut down on the BBC's software 

delay. In addition, closed loop proportion valves 

would reduce the control loop logic delay 

signHicantly. These systems, however, are expensive 

and the author did not have the funds available to 

purchase them to verify the above statement. 

6.13 Alternative "No Cost Limit" Solution 

Throughout the previous discussion, mention has been 
made of equipment that had been made available to the 

author by the University. This was done to keep costs 

as low as possible. However, should the accuracy of 
the driver be of a higher priority than the total cost, 

a different solution can be presented. 
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In 5.3 mention was made of closed loop proportional 

valves. These valves have the1r own feedback system 

(f1gure 3) whkh is fed directly into the closed loop 

amplifier. This amplifier measures the error from the 

reference value of the desired vehicle speed. This 

error is then sent directly to the valve controller 

card which causes whatever pedal movement 1s necessary 

to reduce the error. Associated with these valves is a 

lot of 11 high-tech 11 electronics whkh come in the form 

of cards. These cards (relay card, amplifying cards, 

comparitor card etc) can be mounted together in a rack 

for ease of operation and neatness. 

Apart from the valve and electronics, other hydraul1c 

equipment could be used to make the driver more 

eff1cient. (See figure 10). These include an a.c. 

motor coupled to a gear pump, an accumulator charging 

valve (1), accumulator (2), pressure gauge (3), needle 

valve (bleed off valve) (4) as well as temperature< 5> 

and volume (6) switches, a level indicator (7) and 

filler/breather (8) on the tank. In addition, the 

servo-piston may be floating (with no seals) in order 

to minimise the friction and hysteresis which 

inevitably produce hunting. 

The accumulator charging valve ensures a set pressure 

in the circuit and the accumulator prevents the valves 

from being starved of hydraulic oil in the event of a 

surge. The temperature and volume switches as we 11 as 

the level indicator are safety features which prevent 

oil overheating and oil drainage. 

An IBM-compatible computer together with an analogue to 

digital converter would process the data at a much 

quicker rate than a BBC computer can. 
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The above system would cost 1n the order of R28 100 
(see Appendix O) and the c1rcu1t diagram 1s g1ven below. 

(3) 
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F1gure 10 Hydraul1c c1rcu1t of alternate "no cost 

limlt" solut1on 
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CHAPTER SEVEN 

RESULTS 

Figure 11 shows the driving profile achieved by the prototype on 
the ECE cycle. It shows how the "driver" is particularly 
inaccurate at points' where sudden acceleration or deceleration 
is required. It also shows how the "driver" hunts as it 
attempts to follow the cycle. These results were achieved with 
a one second "look ahead" algorithm. 

It can be seen that the "driver" does not drive the vehicle 
w1thin the ECE accuracy limits. These limits are particularly 
tight to achieve even with a human driver. 
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CHAPTER EIGHT 

CONCLUSIONS 

In the previous chapters it has been described how the final 
design solution was developed. Due to the limit on the 

available finance and the 1 imHation on the use of equipment 
that was available to the ERi, this design is by no means 
optimal. Hunting for example, is inevitable with an on-off 
valve and the hysteresis of a normal piston seal has to be 
accepted without the use of expensive floating servo-pistons 

(with no seals). Also, with the use of more expensive closed 
loop proportional valves and its associated electrics, together 
with an IBM-compatible computer, a far greater degree of 

accuracy could have been achieved. 

However, the prototype mechan1cal driver proved that with the 

11mited equipment available, it was functional although H was 

unable to achieve the accuracy as specified in the ECE cycle. 
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. CHAPTER NINE 

RECOMMENDATIONS 

The follow1ng are some problems encountered w1th the prototype 

mechan1cal dr1ver and the des1gn 1n general w1th recommendat1ons 

the author wishes to make to anyone wanting to continue the 

project. 

l. It was found that some alternate components had to be 

spec1f1ed merely to keep costs low. The driver is to 

be built in the Mechanical Engineering workshops, thus 

~my component that was read1ly available in the store 

and could perform a similar function to the required 

component was specified so that capital costs were kept 

as low as possible. 

and out of date. 

Many of these components were old 

It is recommended therefore, that 

where possible, the more expensive equipment mentioned 

as alternatives be used. 

2. It is recommended that a project be proposed where the 

mechanical dr1ver is adapted to enable 1t to change 

gears when f1tted to a veh1cle wHh a manual 

transmission. 
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CHAPTER ELEVEN 

APPENDIXES 

APPENDIX A - DESCRIPTION OE THE PROTOTYPE MECHANICAL DRIVER 

The prototype mechanical driver was the same as the final design 

solution as described in previous chapters except that the frame 

was constructed differently. The frame was constructed in the 

Mechanical Engineering workshops and consisted of a mild steel 

plate bent to fit over the driver's seat. As in the final 

design -solution, rails which were adjustable in reach supported 

a horizontal bar. This bar had two adjustable plates on which 

the two hydraulic cylinders were secured. The plates could 

rotate on the horizontal bar thus allowing the cylinders to act 

on the pedals at various angles. for rigidity of the structure 

a heavy object (in this case a car battery) was placed on top of 

the plate over the seat. This was not part of the design but 

proved successful. The frame was changed for the final design 

because the one used for the prototype was crude and not 

aesthetically pleasing. 

As shown in the photograph overleaf, the hydraulic circuit and 

the variable transformers were situated on a mobile trolley for 

ease of transportation and storage. The photograph shows the 

prototype mechanical driver in position. Although it is 

unclear, the pistons are on the brake and accelerator pedals. 
I 

. ; 

Note one of the two computer screens in front of the 

windscreen. The cycle being driven is indicated on this screen 

with a marker showing the vehicle's speed and posit ion on the 

cycle. 
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Figure 12 

A- 2 

Photograph showing the prototype mechanical 
driver in postion 

When the vehicle is being driven by a human driver, he uses this 

screen to anticipate the driving pattern to be driven. The 

other computer screen is situated in the computer room in the 

bac kground. This screen shows the same information as the other 

screen and is used by the computer progranmer. Note a 1 so the 

cooling fan duct in front of the vehicle which directs cool ai r 

t hrough the vehicle's radiator. The exhaust extraction duct is 
also visible next to the vehicle's rear wheel. 

f1gure I I 

,-, 

Photograph showIng the prototype mechan1cal 

dr,ver 1n post10n 

When the vehIcle Is beIng drIven by a h~n drIver, he uses thls 

screen to antlctpate thl drivIng pattern to be drIven. The 
otll4r (<*puter screen Is sHuated 1n the c~lIter roOll 1n the 

bactground . TII'Is screen shOlltS the sa_ lnfonaaUon u the otlltr 

scrten and H USM by the cOQf)uter pTo-gralllll!r. Noh aho the 

coolln9 hn duct 1n front of the vehIcle whIch dIrects cool .'r 

tllrou9h the v.httle's r.dhtor. The uh.,ut utrutlon duct 1s 

also vIsible next to the vehIcle's rear wheel. 
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i SECTION A-A 

15. BEARINGS -
14 BEARING RACE -
13 LOCATING SCREW . 8 WINGED HEAD 
12 PISTON HOLDER 2 
11 ADJUSTMENT HANDLE 1 
10 FRONT LOCATING FOOT 2 
9 REAR LOCATING FOOT 2 
8 BOTTOM RAIL 2 ALREADY IN CAR 
7 TOP RAIL 

.. 
2 

6 SPRING · 2 
5 TIGHTENING SCREW 2 WINGED HEAD 
4 CONNECTING TUBE 1 024 x 200 mm 
3 CONNECTING TUBE 1 02~ x 200 mm 
2 LOCATING TUBE 1 028 x 28 mm 
1 CONNECTING WIRE 1 ADJUSTABLE LENGl 

PAllT DESCRIPTION ... 
REMARKS ... "" 

UNIVERSITY OF CAPE TOWN 
DEPARTMENT OF MECHANICAL ENGINEERING 

MECHANICAL DRIVER 
SCAL£: 1:2. SHEET 1 OF 2 
DA TE: 6/11187 

MASTERS PROJECT DRAWN BY: P.J. PRYOR 

· . 

i 

AU dim'fllions in .. 

-----II MASTERS 
.' 

---~ -:ij-r-- -;: ----.- " 
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As with the final design, feedback on the position of the 

accelerator piston was g1ven by means of a potentiometer. The 

BBC computer ind1cated the pos1tion of the pedal on the screen 

as an integer between 0 and 100. The computer controlled the 

driver by means of the program described 1n Append1x B. The 

hydraulic circuit, motor, pump and solenoid valves were as 

specH1ed 1n the final design and will not be descr1bed here 

aga1n. 

A-3 

As wlth the f1nal des1gn. feedback on the pos1t10n of the 

accelerator p1ston was g1ven by means of a potent10meter. The 

BBe computer 1ndlcated the posltlon of the pedal on the screen 

as an 1nteger between 0 and 100. The computer controlled the 

dr1ver by means of the program descr1bed 1n Appendh B. The 

hydrau11c c1rcu1t. motor, pump and solen01d valves were as 

specHled 1n the final deslgn and wll1 not be descr1bed here 

aga1n. 
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APPENDIX B BBC COMPUTER PROGRAM CONTROLLING THE PROTOTYPE 
MECHANICAL DRIVER 

10 CLS 

20 CLOSE#O 

30 @%=&20209 
40 *FX16,2 

50 ?&FE62=&0F 

60 ?&FE60=4 

70 FOR I%=1 TO 2000:NEXT 
80 ?&FE60=0 

90 PRINTTAB(0,12)"0o you want to enter a new driving 
cycle? (YIN)" 

100 A$=INKEY$(10000) 

110 If A$= 1 Y1 THEN GOT0120 ELSE GOT0460 
120 CLS 

130 INPUTTAB(0,12) "What is the new driving cycle 
called" ,NAME$ 

140 CLS 

150 INPUTTAB(0,12) 11 If new dr1v1ng cycle is repetitive, 

give length of mini-cycle (in-seconds) and number of 
cycles", S,C 

160 X=OPENOUT "CYCLE" 

170 PRINT#X,NAME$ 

180 PRINT#X,S,C 

190 DIM SPEEO(S) 

200 SSPEE0=0:N%=0:SEC=0 

210 If SEC=S THEN GOT0350 
220 INPUT 11 ENTER OURATION 11 ,0UR 
230 SEC=SEC+OUR 
240 If SEC S GOT0410 

250 If OUR=999 GOT0950 

260 INPUT 11 ENTER SPEED AT ENO OF OURATION 11 ,ESPEEO 

B-1 

APPENDIX B BBC COMPUTER PROGRAM CONTROLLING THE PROTOTYPE 

MECHANICAL DRIVER 

10 ClS 

20 CLOSE#O 

30 @%=&20209 

40 *fX16.2 

50 ?&fE62=&OF 

60 ?&fE60=4 

70 fOR 1%=1 TO 2000:NEXT 
80 ?&fE60=0 

90 PRINTTAB(0.12)"Oo you want to enter a new driving 
cycle? (Y/N)" 

100 A$=INKEY$(lOOOO) 

110 If A$='Y' THEN GOT0120 ELSE GOT0460 
120 CLS 

130 INPUTTAB(0.12) "What 15 the new driving cycle 
ca 11 ed ". NAME$ 

140CLS 

150 INPUHAB(O,12) "If new driving cycle is repetitive, 

give length of min1-cycle (in-seconds) and number of 
cycles", S.C 

160 X=OPENOUT "CYCLE" 

170 PRINT#X.NAME$ 

180 PRINT#X.S,C 
190 DIM SPEED(S) 

200 SSPEEO=O:N%=O:SEC=O 

210 If SEC=S THEN GOT0350 

220 INPUT"ENTER DURATION".DUR 
230 SEC=SEC+DUR 

240 If SEC S GOT0410 
250 If DUR=999 GOT0950 

260 INPUT"ENTER SPEED AT END Of DURATION".ESPEED 
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270 FOR INC=l TO OUR 

280 SPEED=SSPEEO+(ESPEEO-SSPEEO)*INC/OUR 
290 PRINT SPEED 
300 N%=N%+1 

310 SPEEO(N%)=SPEEO 

320 NEXT 

330 SSPEED=ESPEEO 

340 GOT0210 

350 FOR N%=1 TO S 

360 PRINT#X,SPEEO(N%) 
370 NEXT 

380 CLOSE#X 

390 GOT0550 
400 

410 CLS 

420 PRINTTAB(0,12)"TOTAL DURATION EXCEEDS LENGTH OF CYCLE" 
430 SEC=SEC-OUR 

440 GOT0220 

450 

460 Y=OPENUP "CYCLE" 

470 INPUT#Y,NAME$ 

480 CLS 

490 PRINTTAB(0,12) 11 This driving cycle is called 11 ;NAME$; 11 If 

it is ok push space bar, if not push any key. 11 

500 B$=GET$ 

510 IF 8$= 11 11 THEN GOT0520 ELSE GOTOlO 
520 INPUT#Y,S,C 

530 DIM SPEEO(S) 

540 GOT0580 

550 Y=OPENUP "CYCLE" 
560 INPUT#Y,NAME$ 

570 INPUT#Y,S,C 

580 P= l 

590 REPEAT 

B-2 

210 FOR INC=l TO DUR 
280 SPEED=SSPEED+(ESPEED-SSPEED)*INC/DUR 

290 PRINT SPEED 

300 N%=N%+ 1 

310 SPEED(N%)=SPEED 

320 NEXT 
330 SSPEED=ESPEED 

340 GOT0210 

350 FOR N%=l TO S 

360 PRINT#X.SPEED(N%) 

310 NEXT 

380 CLOSE#X 

390 GOT0550 

400 

410 CLS 
420 PRINTTAB(0.12)"TOTAL DURATION EXCEEDS LENGTH OF CYCLE" 

430 SEC=SEC-DUR 

440 GOT0220 

450 
460 Y=OPENUP "CYCLE" 

410 INPUT#Y,NAME$ 

480 CLS 
490 PRINTTAB(0.12) 81 Th15 dr1v1ng cycle 15 called ";NAME$;"If 

1t 15 ok push space bar. 1f not push any key." 

500 B$=GET$ 
510 IF B$=" " THEN GOT0520 ELSE GOT010 

520 INPUl#Y.S.C 

530 DIM SPEED(S) 

540 GOl0580 

550 Y=OPENUP "CYCLE" 

560 INPUT#Y.NAME$ 

510 INPUl#Y.S.C 

580 P= 1 

590 REPEAT 
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600 INPUT#Y,A 

610 SPEED(P)=A 

620 P=P+l 

630 UNTIL EOf#Y 

640 CLS 

650 

660 PRINTTAB(0,12) "P1ston pos1t1on 1s 

at" ;ADVAL(2)*100/65536;" If thls ls ok press space bar 

to start cycle.":REPEAT UNTIL GET=32:CLS 

670 DIST1=0.00l:DIST2=0.00l:OIST3=0.00l:DIRN=O:TIME=O:Q=0: 

SIGMA%=0:RA%=0:SIGMA=0 
680 NUMB=S*C 

690 NUM=NUMB-1 

700 ?&FE60=0 

710 lf(TIME/100/S) C THEN GOT0910 

720 ASPEED=ADVAL(l)*l00/65536 

730 N%=TIME/100-S*((TIME/100) DIV S)+0.5 

740 TSPEED=SPEED(N%+1) 

750 Diff =(TSPEED-ASPEEO) 

760 DIST1=ABS(DlfF) 

770 OUT%=0IST1 

780 SIGMA%=SIGMA%+0UT%*0UT% 

785 SIGMA=SQR(SIGMA%/NUM) 

790 RA%=-RA%*(0UT% RA% OR OUT%=RA%)-OUT%*(0UT% RA%) 
800 PRINTTAB(0,12)"THEORETICAL ";TSPEED 

810 PRINTTAB(0,14)"ACTUAL ";ASPEED 

820 PRINTTAB(0,16)"POTENTIOMETER ";ADVAL(2)*100/65536 
830 If ABS(DIST1/DIST2) l THEN GOT0860 
840 IF TSPEED=O THEN GOT0980 

850 PROCmoveacc(Dlff) 

855 DIST3=DIST2 

860 DIST2=DIST1+0.001 

870 FOR WW%=1 TO lOOO:NEXT 
880 GOT0710 

B-3 

600 INPUT#Y.A 

610 SPEEO(P)=A 

620 P=P+l 

630 UNTIL EOf#Y 

640 ClS 

650 

660 PRINTTAB(0.12) "Piston pos1t1on 1s 

at" ;AOVAl(2)*100/65536;" If th1s 1s ok press space bar 

to start cycle.":REPEAT UNTIL GET=32:ClS 

670 OIST1=0.001 :OIST2=0.001:DIST3=0.001:DIRN=0:TIME=0:Q=0: 

SIGMA%=O:RA%=O:SIGMA=O 

680 NUMB=S*C 

690 NUM=NUMB-l 

700 ?&fE60=0 

710 If(TIME/100/S) C THEN GOT0910 

720 ASPEED:AOVAl(1)*100/65536 

730 N%=TIME/100-S*«TIME/100) OIV S)+0.5 

740 TSPEEO=SPEEO(N%+l) 

750 OIFF=(TSPEEO-ASPEEO) 

760 OIST1=ABS(OIff) 

770 OUT%=DISTl 

780 SIGMA%=SIGMA%+OUT%*OUT% 

785 SIGMA=SQR(SIGMA%/NUM) 

790 RA%=-RA%*(OUT% RA% OR OUT%=RA%)-DUT%*(OUT% RA%) 
800 PRINTTAB(0.12)"THEORETICAl ";TSPEED 

810 PRINTTAB(0.14)"ACTUAl ";ASPEEO 

820 PRINTTAB(0.16)"POTENTIOMETER ";AOVAl(2)*100/65536 

830 IF ABS(DISTl/DIST2) 1 THEN GOT08GO 
840 IF TSPEED=O THEN GOT098D 

850 PROCmoveacc(DIFf) 

855 DIST3=DIST2 
860 DIST2=DIST1+0.001 

870 fOR ~Io=l TO 1000:NEXT 
880 GOT0710 
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890 Procst11l(l, 1000) 

900 GOT0860 

910 CLOSE#Y 

930 PRINTTAB(0,20)"STANDARD ERROR= "; SIGMA" Km/h" 

940 PRINTTAB(0,22)"MAXIMUM ERROR= ";RA% 11 Km/h" 

950 END 

960 

970 

980 DEF PROCstill(X%,Y%) 

990 If Q l THEN GOT01040 

1000 ?&f E60=X% 

1010 FOR I%=1 TO Y%:NEXT 

1020 ?&fE60=0 

1030 Q=Q+l 

1040 ENDPROC 

1050 

1060 DEF PROCmoveacc(Diff) 

1070 Q=O 

l 075 ?&f E60=2 

1080 posn%=ADVAL(2) 

1090 newposn%=posn%+Diff*65536/100 

1100 REPEAT 

1110 X%=ADVAL(2) 

1120 d1rn%=SGN(newposn%-x%) 

1130 If d1rn%=0 THEN GOTOlllO 

1140 If d1rn% 0 THEN GOT01150 ELSE GOTOl 190 

1150 ?&fE60=6+2*d1rn% 

1160 FOR N%= l TO 220:NEXT 

1170 ?&f E60=0 

1180 GOT01230 

1190 ?&fE60=6+2*d1rn% 

1200 FOR N%= l TO 400+ABS(ADVAL(2)-newposn%)/100 

1210 NEXT 

1220 ?&H60=0 

B-4 

B90 Procst11l(1.1000) 

900 GOT0860 

910 CLOSE#V 
930 PRINTTAB(0.20)"STANDARD ERROR: "; SIGMA" Km/h" 

940 PRINTTAB(0.22) IB MAXIMUM ERROR= ";RA%" Km/h" 

950 END 

960 

970 
980 OEF PROCstl11(X%.V%) 

990 IF 0 1 THEN GOT01040 

1000 ?&FE60=X% 

1010 FOR 1%=1 TO V%:NEXT 

1020 ?&FE60=0 

1030 0=0+1 

1040 ENDPROC 

1050 
1060 OEF PROCmoveacc(DIFF) 

1070 0=0 
1075 ?&FE60=2 

1080 posn%=AOVAL(2) 

1090 newposn%=posn%+OIFF*65536/100 

1100 REPEAT 

1110 x%=ADVAL(2) 
1120 d1rn%=SGN(newposn%-x%) 

1130 IF dlrn%=O THEN GOT01110 

1140 IF d1rn% 0 THEN GOT01150 ELSE GOT01190 

1150 ?&FE60=6+2*dlrn% 

1160 FOR N%=l TO 220:NEXT 

1170 ?&FE60:0 

1180 GOT01230 
1190 ?&FE60:6+2*d1rn% 
1200 FOR N%=l TO 400+ABS(ADVAL(2)-newposn%)/100 

1210 NEXT 

1220 ?&FE60=O 
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1230 PRINTTAB(0,18)"AD(2)-nposn ";ABS(ADVAL(2)-newposn%) 

1240 UNTIL ABS(ADVAL(2)-newposn%) 1300 

1250 FOR N%=1 TO 170:NEXT 

1260 IF ABS(ADVAL(2)-newposn%) 3000 THEN GOTOlllO 
1270 ENDPROC 

The BBC computer program is briefly described here. 

10 - 50 

60 - 80 

90 - 450 

460 - 650 

660 - 700 

700 - 900 

910 - 950 

980 - 1050 

Setting initial conditions 

Withdrawing accelerator piston to zero position 

Entering new driving cycle onto disc at one second 

intervals. This section can be by-passed if 

current cycle on computer disc is required to be 

run again 

Transferring either new cycle or current cycle 

from disc into an array in computer memory 

If the operator is satisfied with the piston 

positions, all initial variables are set and the 
cycle is started 

Computer reads theoret i ca 1 speed from eye 1 e and 

actua 1 speed from the dynomometer, computes the 

difference and sends a signal to either the 

accelerator or the brake solenoid valve. The 

speed error from each sample is summed in a memory 

At the end of a driving cycle, the cycle analysis 
is given showing maxiumum error and standard error 

Procedure to depress or release the brake pedal 

B-5 

1230 PRINTTAB(0.18)IIAO(2)-nposn ";ABS(AOVAl( -newposn%) 

1240 UNTIL ABS(AOYAl(2)-newposn%) 1300 

1 fOR N%=l TO 110:NEXT 
1 If ABS{AOYAl(2) n%) 3000 THEN GOTOlllO 

1210 ENOPROC 

The BBC computer program is ly descrl 

10 -

60 - 80 

90 450 

460 - 650 

660 - 100 

100 - 900 

910 9 

980 1050 

Setting initial conditions 

Withdrawing erator piston to zero position 

Entering new driving cycle onto disc one 

intervals. This section can be by-passed if 

current 

run again 

Trans rri 

1 e on computer d 1sc 1s reQui red to 

either new cycle or current cycle 

from disc into an array in memory 

If the is sat1sfl with the pi ston 

positions, all initial variables are set and the 
cycle is 

Computer theoretical from cyc 1 e and 

actua 1 from the f computes the 

difference and sends a si 1 to either 

accelerator or the brake enoid valve. 
speed error from each sample is summed in a memory 

At a driving cycle. the cycle analysis 
1s given showing maxiumum error standard error 

Procedure to depress or release the brake pedal 



Univ
ers

ity
of 

Cap
e T

ow
n 

B-6 

1060 - 1270 Procedure to depress or release the accelerator 

pedal to a value at wh1ch the speed error w111 be 

kept to a m1n1mum. 

The emergency stop button was allocated to key f9 by using th1s 

1nstruct1on. 

*KEY9?&FE60:10l IM 

On press1ng key f9, both p1stons retract thus releasing both the 

acclerator and brake pedals. 

8-6 

1060 - 1270 Procedure to depress or release the accelerator 

pedal to a value at wh1ch the speed error will be 

kept to a min\mum. 

The emergency stop button was allocated to key f9 by us1ng th1s 

instruction. 

*KEY9?&FE60=1°IIM 

On pressing key f9. both pistons retract thus releasing both the 

acclerator and brake pedals. 
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APPENDIX C - DESCRIPTION Of THE ECE DRIVING CYCLE 

The following is a description of the ECE urban driving cycle as 
used by the SABS with reference to figure 13. 

a stationary idle for 11 seconds in neutral 

b accelerate from O to 15 km/h in 4 seconds in first gear 

c remain at 15 km/h in first gear for 8 seconds 

d deccelerate from 15 km/h to approximately 8 km/h in 2 

seconds in first gear 

e declutch and decelerate to standstill in 3 seconds 

f stationary idle for 21 seconds in neutral 

g accelerate from 0 to 15 km/h in 5 seconds in first gear 

h change from first to second gear in 2 seconds at 15 km/h 

i accelerate from 15 to 32 km/h in 5 seconds in second 
gear 

j remain at 32 km/h in second gear for 24 seconds 

k decelerate from 32 km/h to approximately 8 km/h in 8 
seconds in second gear 

1 declutch and decelerate to standstill in 3 seconds 

m stationary idle for 21 seconds in neutral 

n accelerate from 0 to 15 km/h in 5 seconds in first gear 

o change from first to second gear in 2 seconds at 15 km/h 

p accelerate from 15 to 35 km/h in 9 seconds in second 
gear 

q change from second to third gear in 2 seconds at 35 km/h 

r accelerate from 35 to 50 km/h in 8 seconds in third gear 
s remain at 50 km/h for 12 seconds in third gear 

t decelerate from 50 to 35 seconds in 8 seconds in third 
gear 

u remain at 35 km/h for 13 seconds in third gear 

v change from third to second gear in 2 seconds - speed 
decreases to approximately 32 km/h 

C-1 

APPENDIX C DESCRIPTION Of THE ECE DRIVING CYCLE 

The following is a description of the EeE urban driving cycle as 
used by the SABS with reference to figure 13. 

a stationary idle for 11 seconds in neutral 

b accelerate from 0 to 15 km/h in 4 seconds in first gear 

c remain at 15 km/h in first gear for 8 seconds 

d deccelerate from 15 km/h to approximately 8 km/h in 2 

seconds in first gear 

e declutch and decelerate to standstill in 3 seconds 

f stationary idle for 21 seconds in neutral 

g accelerate from 0 to 15 km/h in 5 seconds in first gear 

h change from first to second gear in 2 seconds at 15 km/h 

i accelerate from 15 to 32 km/h in 5 seconds in second 
gear 

j remain at 32 km/h in second gear for 24 seconds 

k decelerate from 32 km/h to approximately 8 km/h in 8 
seconds in second gear 

1 declutch and decelerate to standstill in 3 seconds 

m stationary idle for 21 seconds in neutral 

n accelerate from 0 to 15 km/h in 5 seconds in first gear 

o change from first to second gear in 2 seconds at 15 km/h 

p accelerate from 15 to 35 km/h in 9 seconds in second 
gear 

q change from second to third gear in 2 seconds at 35 km/h 

r accelerate from 35 to 50 km/h in 8 seconds 1n third gear 
s remain at 50 km/h for 12 seconds in third gear 

t decelerate from 50 to 35 seconds 1n 8 seconds in third 
gear 

u remain at 35 km/h for 13 seconds in third gear 

v change from third to second gear 1n 2 seconds - speed 
decreases to approximately 32 km/h 
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w decelerate from 32 to approxlmately 8 km/h ln 7 seconds 

ln second gear 

x declutch and decelerate to standstlll ln 3 seconds 
y statlonary ldle for 7 seconds ln neutral 

The complete urban cycle comprlses of two of the above operating 
sequences (operated consecutively). 

Note that thls is the standard cycle as lt appears for a vehlcle 

with a manual transmlsslon. When testing vehicles wlth an 

automatlc transmlsslon, the "drlve" posltlon should be used 
throughout the test and the gear changes must be as close as 

possible to the cycles• gear changes. Oeclutching is impossible 

with automatic vehicles so the vehicle must be decelerated 
normally where declutching occurs on the cycle. 

A speed tolerance of l km/h above or below the theoretical speed 

is allowed except during phase changes where a larger tolerance 

is permissible. .At these points the duration of the excursion 

must not exceed 0,5 seconds on any single occaslon. A time 

tolerance of ~ 0,5 seconds is allowed. 

Source: ECE method of measuring the fuel consumption of motor 

vehicles, Document TRANS/SCI/WP29/R.204 Annex 9, Table 
4. 

C-2 

w decelerate from 32 to approx1mately B km/h 1n 7 seconds 

1n second gear 

x declutch and decelerate to standst1l1 1n 3 seconds 
y stat10nary ldle for 7 seconds 1n neutral 

The complete urban cycle compr1ses of two of the above operatlng 

sequences (operated consecut1vely). 

Note that thls 1s the standard cycle as 1t appears for a veh1cle 

w1th a manual transmission. When testlng vehlcles wlth an 

automatic transm1ss10n. the "dr1ve" pos1tlon should be used 
throughout the test and the gear changes must be as close as 

poss1ble to the cycles' gear changes. Declutch1ng 1s lmposslble 

with automat1c vehlcles so the vehicle must be decelerated 

normally where declutch1ng occurs on the cycle. 

A speed tolerance of 1 km/h above or below the theoret1cal speed 

1s allowed except dur1ng phase changes where a larger tolerance 

1s permissible. ,At these p01nts the duration of the excurs10n 

must not exceed 0,5 seconds on any s1ngle occas10n. A t1me 

tolerance of ~ 0,5 seconds is allowed. 

Source: ECE method of measuring the fuel consumpt1on of motor 

vehicles, Document TRANS/SCIIWP29/R.204 Annex 9, Table 

4. 
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APPENDIX D - COST ANALYSES 

l. Cost Analys1s of the Solut1on Adooted (January 1987) 

1.1. Hydraulic circuit 

Tank 

l F1 Jter 

4 m Bundy tube @ R6,23/m 

8 m Rubber hose @ Rl2,50/m 

3 11tres Hydraul1c 011 @ R7,50/11tre 
16 Connectors @ R3,89 each 

l Tee connector@ Rll,44 each 

Sub total 

1.2. Hydraulic solenoid valves 

2 Bosch NG6 No 0 810 090 129 
directional control valves @ R533,00 each 

2 Subplates@ Rlll,40 each 

Sub total 

1.3. Electr1cal components 

4 MJE 3055 transistors @ Rl0,56 each 

4 BC 109 transistors@ R0,78 each 

4 0,1 F capac1tors@ R0,70 each 

1 Potentiometer@ Rl,31 each 

500 x 100 mm Veroboard 

5 m Computer ribbon cable @ R4,80/m 

l Edge connector @ R2,50 each 

1 Cigarette lighter socket @ R3,29 

Resistors and diodes - neglegible 

Sub total 

R 90,00 

R 310,00 

R 24,92 

R 100,00 

R 22,50 

R 62,24 

R 11 • 44 

R 621.10 

Rl 066,00 

R 222,80 

Rl 288,80 

R 42,24 

R 3, 12 

R 2,80 

R 1 , 31 

R 48,50 

R 24,00 

R 2,50 

R 3,29 

R 127.76 
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APPENDIX 0 - COST ANALYSES 

1. Cost Analys1s of the Solution Adopted (January ]981) 

1. 1. ~ydrau]jc t:i rcuit 

Tank 

1 F1lter 

4 m Bundy tube @ R6.23/m 

8 m Rubber hose @ R12.50/m 

3 litres Hydraulic oil @ R7,50/litre 

16 Connectors @ R3.89 each 

1 Tee connector @ R11,44 each 

Sub total 

1.2. Hydraulic solenoid valves 

2 Bosch NG6 No 0 810 090 129 

directional control valves @ R533,OO each 

2 Subplates @ R111.40 each 

Sub total 

1.3. Electrjcal component~ 

4 MJE 3055 transistors @ Rl0.56 each 

4 BC 109 transistors @ RO,78 each 

4 0,1 r capacitors @ RO.70 each 
1 Potentiometer @ R1,31 each 

500 x 100 mm Veroboard 

5 m Computer ribbon cable @ R4.80/m 

1 Edge connector @ R2,50 each 

1 Cigarette lighter socket @ R3,29 

Resistors and diodes - neglegible 

Sub total 

R 90,00 

R 310,00 

R 24.92 

R 100.00 

R 22,50 
R 62,24 

R 11 .44 
R 621 a 1 0 

Rl 066.00 

R 222,80 

Rl 288,80 

R 42,24 

R 3. 12 
R 2,80 

R 1 ,31 

R 48.50 
R 24.00 
R 2,50 

R 3,29 

R 121 2 76 
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l • 4 . Er.a.me. 

Labour 3 hours @ R40/hour 

4 m 25x25 mm mild steel tubing@ R2,75/m 

0,5 mm 016 mild steel bar@ Rl,52/m 

Sub total 

1.5. Pistons 

Labour 2 hours @ R40/hour 

Steel stock - neglegible 

1.6. A.C. Motor and Pump 

2,2 kw a.c. motor 

Pressure and flow compensation hydraulic 
pump 

Sub Total 

1.7. Computer 

IBM-compatible personal computer with 
printer 

1.8. General 

Nuts, bolts, plates, tools, spares, 
installation and test1ng plus unaccounted 
costs (+- 30% total costs) 

R 120,00 

R 11'00 
R 01 16 
R , 131. 76 

R 80,00 

R 400,00 

Rl 200 1 00 

Rl 600 1 00 

R3 500,00 

R2 200,00 
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1 • 4 . Er.am.e. 

labour 3 hours @ R40/hour 

4 m 25x25 mm m1ld steel tub1ng @ R2.75/m 

0,5 mm 016 m11d steel bar @ Rl,52/m 

Sub total 

1.5. P1stons 

labour 2 hours @ R40/hour 

Steel stock - negleg1ble 

1.6. ArC. Motor and Pump 

2,2 kw a.c. motor 

Pressure and flow compensat10n hydraulic 
pump 

Sub Total 

1.7. Computer 

IBM-compatible personal computer with 

pr1nter 

1.8. General 

Nuts, bolts, plates, tools. spares, 

1nstallat10n and test1ng plus unaccounted 
costs (+- 30% total costs) 

R 120,00 

R 11 .00 

R 0.76 

R / 131.16 

R 80,00 

R 400,00 

R1 200,00 

Rl 600,00 

R3 500,00 

R2 200.00 
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Total Cost of System 

1. Hydraulic circuit R 621,00 

2. Hydraulic solenoid valves Rl 289,00 

3. Electrical components R 128,00 

4. frame R 132,00 

5. Pistons R 80,00 

6. A.C. motor and pump Rl 600,00 

7. Computer and printer R3 500,00 

8. General R2·200.oo 

Total excluding tax R9 550.00 

Not all the above equipment was purchased for the prototype. 

Some equipment was available to the author, e.g. d.c. motor and 
pump, BBC computer, power pack, labour, etc. 

Thus by using substHute parts and "free" workshop labour from 
UCT, the author actually "saved" R6 850,00. 

Le. in January 1987, the prototype cost R2 700,00 to bu1ld 

which is within the budget set by the student in the criteria. 

0-3 

Iotal Cost of System 

1. Hydrau11c c 1 rcuH R 621,00 

2. Hydraul1 c solen01d valves R1 289,00 

3. Electrical components R 128,00 

4. frame R 132,00 

5. Pistons R 80,00 

6. A.C. motor and pump R1 600.00 

1. Computer and printer R3 500,00 

8. General R2·200.00 

Total excluding tax R9 550.00 

Not a 11 the above equ1 pment was purchased for the prototype. 

Some equ1pment was available to the author, e.g. d.c. motor and 

pump. BBC computer, power pack, labour, etc. 

Thus by using substHute parts and "freel! workshop labour from 

UCT. the author actually "saved" R6 850,00. 

1.e. in January 1981. the prototype cost R2 100,00 to bulld 

which is within the budget set by the stUdent in the cr1teria. 
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2. Cost Analys1s of the "No Cost L1m1t" Solut1on 

2.1. 2 Bosch NG6 No. 0811404029 closed loop 

proportional valves @ R2 900,00 each 

2.2. All electronics assoc1ated w1th the above 

valves including; PIO controller, linear 

transducer, power supply, relay cards, 

amplifying card for the linear 

transducer, comparitor card and card 

holders 

2.3. 

2.4. 

2.5. 

2.6. 

2. 7. 

2.8. 

2.9. 

2. 10. 

2,2 kw a.c. motor 

Type S, size G gear pump no. 0510725013 

2 cylinders - bore 40mm, rod 20mm, 

stroke lOOmm, w1th low fr1ct1on seals and 

spherical bearing male clevis @ R375 each 

Accumulator charg1ng valve 
\ 

2 filters @ R450,00 each 

Tank 

Accumulator 

Safety relief valve 

2.11. IBM-compatible computer with analogue 

to digital converter 

R 5 800,00 

Rl3 000,00 

R 500,00 

R 500,00 

R 750,00 

R 800,00 

R 900,00 

R 220,00 

R 490,00 

R 140 ,00 

R 3 500,00 
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2. cost Analysis of the "No Cost Limit" Solutlon 

2.1. 2 Bosch NG6 No. OBl1404029 closed loop 

proportional valves @ R2 900,00 each 

2.2. All electronics associated with the above 

valves including; PID controller. linear 

transducer, power supply. relay cards, 
amplifying card for the linear 

transducer, comparitor card and card 

holders 

2.3. 

2.4. 

2.5. 

2.6. 

2.7. 

2.8. 

2.9. 

2.10. 

2.11. 

2,2 kw a.c. motor 

Type S, slze G gear pump no. 0510725013 

2 cylinders - bore 40mm, rod 20mm. 

stroke 100mm, with low friction seals and 

spherical bearing male clevis @ R375 each 

Accumulator charging valve 
\ 

2 filters @ R450,OO each 

Tank 

Accumulator 

Safety relief valve 

IBM-compatible computer with analogue 
to digital converter 

R 5 800,00 

R13 000,00 

R 500,00 

R 500,00 

R 750,00 

R 800,00 

R 900,00 

R 220.00 

R 490,00 

R 140,00 

R 3 500,00 
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2.12. General - 1ncluding connectors, tub1ng, 

fittings, temperature and volume 
switches, level indicator, pressure 
gauge, needle valve, software for the 

computer 

Total cost of system excluding GST 

Source: Hyflo Transvaal (Pty) Ltd 

R l 500,00 

R28 100,00 

2. 12 . 

0-5 

General - lncludlng connectors, tublng. 

f1ttlngs. temperature and volume 

swltches. level lndlcator, pressure 
gauge, needle valve, software for the 

computer 

Total cost of system excluding GST 

Source: Hyflo Transvaal (Pty) ltd 

R 1 500,00 

R2B 100.00 
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drill and tap 114" BSP 

thread length = 15mm \ I --..--------'----~------
~ 9 SPRING 

ji-=-e~V~A~LV~E~P~IS=T=ON~----+-'1-+-'S=IL~V=ER~S~T=EE=L--il 
1 ~7~. ~V~A=LV~E=-----~--+-'-1--+-"B~RA~S=S~~--t 
j 6 M12 BOLT 1 ADJUST ABLE 
~4----------+--+-------1 

5 PISTON RAM 2 SIL VER STEEL 

4 BOSS 

3 CAP WITH LOCATION SPIGOT 

2 PISTON 

1 CIRCLIP 
.,. DESCRIPTION 

4 THREADED 

4 REMOVABLE 

2 L.C. STEEL 

4 
II' 
f1ff REMARKS 

UNIVERSITY· OF CAPE TOWN 
DEPARTMENT OF MECHANICAL ENGINEERING 

MECHANICAL DRIVER 
SCALE : 1 1 SHEET 2 OF 2 

i 

"--

I 
I 

drill and tap 114" I 
thread length = 15mm \; r--r-------'----.,-.,-------tI 

\! SPRING 

lr8~V~A=lV~E~P~tS~T=ON------~ 
i VALVE 

l 

I 

H12 BOll· 
5 PISTON RAM 
4 BOSS 
3 CAP WITH lOCA liON SPIGOT 
2 PISTON _____ -t 

DESCRIPTION REMARKS 

UNIVERSITY OF CAPE TOWN 
OEPARTMENT OF MECHANICAL ENGINEERING 

MECHANICAL DRIVER 
SCALE: 1 1 SHEET 2 Of 2 
OAT:6 81 

t--=OR=A ..... W:..:::N """'BLU;y:...lti:.P.:..-.J.-P-R-yO-R----t< MAS TERS PROJECT 
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APPENDIX E - MAIN DRAWINGS 

E-1 

APPENDIX [ - MAIN DRAWINGS 
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~ drill and tap 1/4" BSP ~ 
thread length = 16111111 

~:mz~i ·I 

-:r=o _ - I 
__LH } --

drill and tap 114" BSP 
thread length = 1Smm 

~ 3=WI 
-~ 

2 
180 

-----.,:;LC-~ 

drill and ream 88 

drill and tap 114" BSP 
thread length = 1Smm All dimensions in mm 

I 9 SPRING 

8 VAL VE PISTON 1 SIL VER STEEL 
7 VALVE 1 BRASS 
6 H12 BOLT 1 ADJUSTABLE 

I 5 PISTON RAM 2 SIL VER STEEL 
4 BOSS 4 THREADED 
3 CAP WITH LOCATION SPIGOT 4 REMOVABLE 
2 PISTON 2 L.C. STEEL 
1 CIRCLIP 4 

I !if' DESCRIPTION ;;, I REMARKS 

UNIVERSITY OF CAPE TOWN 
DEPARTMENT OF MECHANICAL ENGINEERING 

MECHANICAL DRIVER 
SCALE : 1 1 I SHEET 2 OF 2 

I DATE: 6/11/87 I 
DRAWN BY: P.J. PRYOR MASTERS PROJECT 
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180 
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:: 15mm 
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2 

dime.nsions in m .. I ... 01 Ia·..., II,." PROJECT 




