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Summary. This study aimed at presenting the relation between 

Common Rail accumulator pressure and vehicle traction prop-

erties (acceleration capacity and ability to achieve maximum 

velocity be vehicle). Tests were performed using an engine test 

bench and a CR pressure testing kit. They were conducted in 

conformity with engine standards (i.e. the requirements being 

power to CR pressure characteristic curves.

each gearbox ratio) and vehicle velocity (in the last gear) and 

parameters was found.

Key words: Common Rail, vehicle traction properties, pressure 

in CR accumulator.

INTRODUCTION

The Common Rail is the fuel supply system most fre-

quently used in direct injection compression-ignition en-

gines in passenger cars at present. Its main advantages are 

the reduction of noise of working engine and amount of 

harmful substances emitted to the atmosphere as well as 

operate and environmentally friendly (less fuel consump-

tion) in comparison to conventional diesel power systems 

and power supply systems of TDI.

Its major advantage is the possibility to change and ad-

just injection pressure and injection time owing to separation 

of pressure-producing element (high pressure pump) from 

fuel-injecting elements (fuel injectors) by a container (Rail) 

is a dynamic value and, together with injection time and fuel 

temperature, affects the dose size and the whole characteris-

CR pressure and these parameters has been presented. 

rail

and engine effective power was found using graphs. The 

function of engine torque to Common Rail pressure was 

similar to that in case of engine rotational speed (curves 

had very similar courses).

working ability in time unit) are of importance for vehicle 

movement potential (accelerations and velocities, thus its 

-

Fig. 1. Division of vehicle traction properties (prepared by the 

authors)
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where :

FN – driving force [N],

m – gross vehicle mass [kg],

T
tqk

 – torque on driving wheels [Nm],

T
tq
 – engine torque [Nm],

UN

i
UN

 – power transmission system ratio,

r
k
 – wheel kinematic radius [m].

ng specified in them), creating the engine torque and 
engine effective power to CR pressure characteristic 

When making the final diagrams for vehicle 
acceleration (at each gearbox ratio) and vehicle 

sure, a 
significant effect of the latter on traction parameters 

: Common Rail, vehicle traction 

The Common Rail is the fuel supply system 
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where:

k – angular velocity of road wheels [rad/s],

kn – rotational speed of wheels [min-1],

n – engine rotational speed [min-1].

When changing the velocity units from m/s to km/h, the 

navigation using techniques designed to determine the charac-

teristics of an external spark-ignition engine is also based on the 

measurement of the opening of the injector and fuel rail pressure.

The authors of this paper decided to examine a relationship 

between Common Rail pressure and vehicle traction properties.

The objective of this research project was to determine 

a relation between Common Rail accumulator pressure and 

vehicle traction properties (acceleration capacity and abil-

ity to achieve maximum velocity). In the study, a torque to 

Common Rail pressure relationship for feeding a direct injec-

tion turbocharged compression-ignition engine designed for 

driving motor cars with a full dose of fuel. Research methods 

were conducted in conformity with the Polish standard PN-

TEST BED

The test bed consisted of the following components:

diesel oil, made of plastic;

4-stroke turbocharged compression-ignition engine with 

Ta b l e  1 .  

unit value / description

Cylinder diameter [mm]

Piston travel [mm] 82

Compression ratio - 18.1

Number of cylinders - 4

- in-line

Injection sequence -

[cm3] 1248

75/51

Rotational speed at maxi-
mum power

[min-1]

[Nm] 145

Rotational speed at maxi-
mum torque

[min-1]

Fig. 2. 

-

ktromex (Poland) – a device for power take off and 

measurement in combustion engines being placed on 

test beds;

Fig. 3. 

d) Common Rail high pressure measurement kit which con-

sisted of: a manometer, a T-connection with nozzles, vent 

and stopper, a measuring hose, fuel tubbing, a reduction

and a venting hose.

Fig. 4. HP-made Common Rail high pressure measurement kit



Results of the measurements being performed are pre-

sented in Fig. 5. The engine was fed with a full dose of ON 

parameters during the test were as follows:

– ambient temperature T
a

– ambient pressure p
a

The engine torque and its effective power being measured 

were corrected according to the relations comprised in the 

high pressure measurement kit allowed creating an engine 

torque and engine effective power to Common Rail pressure 

relationship. It is presented below in Fig. 5. The characteristic 

curves were determined based on measuring points due to 

very narrow ranges of measurement uncertainties (see section 

5). In order to illustrate the relation between CR accumulator 

pressure and vehicle traction properties, the variables such 

-

Ta b l e  2 .  

variable value unit where:

m [kg] gross vehicle mass

UN -

rk [m] wheel kinematic radius

ibI -

ibII 2.158 - second gear ratio

ibIII - third gear ratio

ibIV - fourth gear ratio

ibV -

ipg -

The ranges of measurement uncertainties were deter-

mined for engine rotational speed, torque and effective pow-

er and Common Rail pressure of the engine torque-speed 

(external) characteristics.

Expanded measurement uncertainty for engine rotation-

al speed

accuracy of measuring device calibration; the experiment-

er’s uncertainty was omitted due to the result self-reading 

and self-recording measuring system).

following relationship [22]:

][min.
1

)( 1n
nuB ,

where:

n
1 [min-1].

[22]:

][min.)()( 1nunuB .. (4)

equation [22]:
)()( nuknU , (5)

where:

][min.1.2)( 1nU .

Thus, ultimately, the measurement uncertainty for the 

whole range of rotational speeds was equal to:

][min2)( 1nU . (7)

Expanded uncertainty for corrected engine torque meas-

urement

mean of torque was adopted as a measurement result [22]:

n

i

itqtq T
n

T
1

)(

1
,,  (8)

where:

tqT - – arithmetic mean of engine torque measurement [Nm],

)(itqT -– value of the i-th torque measurement [Nm],

n – number of measurement.

Fig. 5. 

where: T
tq
 – engine torque, Pd – engine effective power, p

rail
 – Common Rail accumulator pressure

p
rail

[MPa]
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was as follows:

Ta b l e  3 .  Calculation table for engine torque measurement

as a standard deviation [22]:
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following relationship [22]:
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where:

tq

(total) uncertainty amounted to [22]:
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equation [22]:

)()( tqtq TukTU , (12)

where:

][.1.2)( NmTU tq

Thus, ultimately, the result of engine torque measure-

ment together with measurement uncertainty was written 

in the following form:

])[.11.( NmTtq . (14)

In the table below, the values of engine torque togeth-

er with expanded measurement uncertainty are presented 

for particular rotational speeds. The torque values were 

calculated as mean values of 4 measurements. The value 

of coverage factor k was 2, whereas the uncertainty of 

measurement accuracy for engine brake amounted to 

Ta b l e  4 .  

n tqT )( tqA Tu )( tqB Tu )( tqTU )( tqtq TUT

[min-1] [Nm] [Nm] [Nm] [Nm] [Nm]

1 71.4

2 124.4

4

5

7

8

124.2

11 115.1

12

were determined in a similar manner.

Ta b l e  5 .  

n dP )( d

A Pu )( d

B Pu )( dPU )( dd PUP

[min-1] [kW] [kW] [kW] [kW] [kW]

1 7.5

2

4

5

7

8

11

12 44.7

standard uncertainty (depending on device calibration ac-

curacy).

following relationship [22]:

][.8)( bar
p

pu rail
railB ,,  (15)

where:

railp
-

standard uncertainty [22]:

][.8)()( barpupu railrailB

No. )(itqT
tqT (

)(itqT -
tqT )

2

)( )( tqitq TT

1

2

4 -1.8

2)( tqtqi TT 4.49

MPa

MPa
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)()( railrail pukpU ,  (17)

where:

][..82)( barpU rail .. (18)

Thus, ultimately, the measurement uncertainty for the 

whole range of pressures was equal to:

][)( barpU rail .

The acceleration values being obtained for each gear 

data from Table 2 and Relation (2), the values of vehicle 

Common Rail accumulator pressure and vehicle traction 

parameters (acceleration capacity and ability to achieve 

maximum velocity) are presented. The acceleration val-

ues in respective gears themselves depended mainly on the 

values of selectable ratios, whereas the character of curves 

showed the vehicle to speed up the best in each gear in the 

region of Common Rail accumulator pressure being equal 

of the maximum pressure.

The engine torque-speed to CR pressure characteristics 

pointed to a linear relationship of these parameters. The ve-

locity in the last gear increased together with the increasing 

value of pressure, which indicates to the fact that the vehicle 

can be able to achieve maximum velocity at higher values 

of Common Rail pressure.

The carried out study allowed drawing the following 

conclusions:

a) CR pressure affects the course of engine torque char-

acteristic curve and further, which is related to this, the 

F i g .  6 .  Relationship between vehicle acceleration and CR pressure:

a – vehicle acceleration, a1 a2 – vehicle acceleration in the second gear, a3 – vehicle accelera-

tion in the third gear, a4 – vehicle acceleration in the fourth gear, a5 p
rail

– CR accumulator 

pressure, R2

F i g .  7 .  

v – vehicle linear velocity (last gearbox ratio), p
rail

 – CR accumulator pressure

MPa

MPa

p
rail

[MPa]

p
rail

[MPa]



course of vehicle acceleration characteristic curve in 

respective ratios;

the ability of a vehicle to achieve maximum velocity (in 

the last gear);

c) increase in Common Rail pressure results in better trac-

tion parameters but also in higher fuel consumption;

d) it cannot be changed in any range due to durability of 

engine components (fuel supply system and piston-crank 

system).
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Streszczenie. -

-

ne przy wykorzystaniu hamowni silnikowej oraz zestawu do 

poprzez utworzenie charakterystyk momentu obrotowego i mocy

-


