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(57) Abstract: The present, invention relates to a method to control a fuel pump in a fuel system of a vehicle (100), wherein said
vehicle (100) comprises a combustion engine (101) and a fuel supply system (204) associated with said combustion engine (101),
wherein the vehicle (100) also comprises a first main tank. (215A) for drawing up fuel and a first fuel pump (212A; 210A) for use in
connection with transfer of fuel between said first main tank (215A) and said fuel supply system (204), A second fuel pump (212B;
210B) is arranged to operate in parallel with said first fuel pump (212A; 210A) in connection with transfer of fuel between said first
main tank (215A) and said fuel supply system (204), and the method comprises: - controlling the transfer of fuel with said first
(212A; 210A) and second ( 212B; 210B) fuel pump, at least partly based on a representation of a total efficiency for said, first
(212A; 210A) and second (212B; 210B) fuel pump, wherein said transfer of fuel also is controlled, based, on at least one parameter
relating to the life span of said fuel pumps.
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METHOD AND SYSTEM FOR FUEL PUMP REGUILATION
Field of the invention

Leal
4

rhe i

wention relates to a method for fuel pump control in a

fuel system according to the preamble of

claim 1. The invention
also relates Lo a system and

3 a hicle, asz well as a computer
program and a computer program product, which implement the
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ethod according to the invention.

=lates to fuel szsystems in vehicles, and

vy goeods vehilcles such as trucks, buses and

machines. These type
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ehicles are coften relatively heavy,

and also travel long distances. In summary, this entails a

reguirement that the vehicles be equipped with relatively large

fuel tanks. For example, such vehicles may ke equipped with a

fuel tank holding in the range of 500 - 1000

ilitres, where such
volume may also he divided over two fuel tanks arranged in the

The fuel tanks thus consist ¢f relatively large volumes, which

entails level drops, that any remaining fuel is

moved around in the fuel tank as a result of the wvehicle’s

VST LA

the fuel tank to the wvehicle’s

combustion engine is usually carried out with the use of a

fitting, submerged in the

with an inlet through
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which the fuel is sucked up with the help of a pump. In order
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zald pump, however, the inlet of
the fitting must be surrcounded by fuel, and not by air.

n relation to fuel systems in general, in many vehicles today,
a fuel pump arranged in connection with the combustion engin

draws up fuel, the fuel pump keing mechanically connected To

the combustion engines and

cparated by

driving shaft of the

combustion engirnse This solution entails that the fuel

P -l

pump



WO 2016/043652 PCT/SE2015/050971

must be able to pump a relatively large amount of fuel already

ot
}_J

a ow rotational speeds, i1.e. lower rotational speeds than the

idiing speed of the combustiocon engine, in order to be able to

pumge a sufficient amcunt of fuel to the combustion engine when

5 the start engine iz working, in order for the combustiocn engine

to be able to start at all. This in turn means that the fuel

-

pumge wi be over dimensioned during progress, and will thus
continuously pump a large amcunt of fuel, which then must be
diverted and returned to the fuel tank. This excess pumpling

10 obviouszly leads to unwanted losses.

Furthermore, a fuel pump operated by the combustion engine’s

>utput shaft may, 1f 1t bhegins toe draw up air, e.g. hecause of

a low fuel level, begin to cavitate, and as a conseguence the

pump may not begln te draw up fuel agalin without first being
i5 stopped, which thus aiso means that the vehicle must be stoppec

before the fuel supply may be resumed. With the obi
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20 The above disadvantages mayv bhe reduced with the use of a fuel

pump that is electrically cperat an
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electric motor, which means that the speed of the fuel pump may

be controlled independently of the speed of the oubtput shaft of

()

(@]

Summary of the invention
Orne objective of the preszent invention iz to provide a method
to control the fuel pump in a fuel system. Thisg ob

achieved with a method according to ciaim 1.

The present invention relateszs to 2 method

30 to control a fuel pump in a fuel system of a vehicle, wherein

-

e comprises a combustion engine and a fuel supply
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tion engine, wherein the
tank for drawing up fuel

connection wi

and said fuel

method comprises:

1 with =aid first and second fuel

P..J

— L'D"Ll'

;_.l
LQ
ct
<
o
o3
0]
h
6}
]
O
!
o
16}

1i
punmge, atbt least partly based on a representation of a total
efficlency for said first and second fuel pump, wherein said

transfer of fuel alsce is controlled bhased on at least one

parameter relating to the life of zald fuel pumps.

Rcecoording to the above, there are disadvantages with using fuel

utput shaft. Such
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cerated fuel pump, wherein ally operated pump may

be started/stopped as and when needed. Furthermore,

dependability 1g a very important parameter, in particular in

ity. For this reason, according to the present
invention a system is used, wherein two electrically operated
fuel pumps operating in paralliel are used to Lransier fuel from

the vehicle’s fuel tank to said fuel supply system, such as

2.g. a fuel injection system. 1 pumps are arranged for
individual control by wayv of individual control of the

. v S xTen ey s L N N B R . Y L1 SRR v e £ Faaad
respective associated electric moetors. Through the uze of fuel

ing in parailel, e.g. a redundancy is clbtalned,

(1

pumpgs operat
which facilitates that fuel may be transferred even when one of

the fuel pumps is malfunctioning.
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oving depen
vraralilel fuel

consumption, and according to

below, a method which may also

the efficiency of
controlled bhased

efficiency may e.g.
greatly ov
the present invention the fuel
as good a iciency as

in which the fuel

determining how th

When controlling the fuel pumg

one parameter with resg

ect To

This parameter may €.g
and/or operating

octive

se
gtarting/stopping entails
Ly

pumps in

n relation to economical opsration of the

1el pumps based ¢on a repr

pumpes
possible.
pumpes are controlied will
must be achieved, such as

and pressure

great significance,

the durability/life of the

wear,
operating modss

the wear may be kept
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pumps, 1in respect of econcmical
1078

diment as set out
additionally improve
this is

fuel pumps,

vention by way of controlling the

esentation ¢of

Fiam

fusl pumps

wherein

the total

er its coperating area, and with the use of

may be controlled towards

Accordingly, the manner

depend on the

differencs over the

apart from

to additional parameters when

should be controlled.

53, regard is alsce had to at leas

pPumps .,
of the number of starts, stops
of times each

In general,

distributing the

where only one

6]
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ever.

Time may e used as a parameter,

controllied in such a manner that
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the total
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pumping op

between the

pumes .

According to one embodiment, effic

first welight, and the respective o
wlth respect to life 1g weighted w

of starts/st

~F

number of operating cycles. Likewl

included as

<o

changes, e.g. Lransie coh

control based on 1if

>y may e appliied to obta

fuel pumps.

The welghts used at the
e | Y
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pumg

pumps are

pu

¢t
()]
O
-+

wherein o IENSOr

cerature

pump/electric motor, or alternatiwv
e.,g. based on an amblent temperatur

motor and a model of temperature C

of operation may e contro

that unwanted high

temperatures, w
[ - 2 L)
in particular with

egspect

motor, may be avoided to

ration over time

parameter, ac

in an

control may

new, while
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ith a second
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ops may bhe included azs a

welght, since the
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total cperating time
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s may temperature, operating

o how the pumps are

a factor. for example, largs

Cchnianges 1n control may oe

2, in ocrder to

trade-off between

overall economical

may be controelled more based
ife may be

mes age.
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According to one embodiment, arranged between said fuel supply

said first at least one main tank, a transfer tank
, aiso called a “catch-tank” or “tech-tank”, but
referrved to herein as a transfer tank, whereat the method
comprises supply of fuel to saild transfer tank from said first

mzin tank kefore a transfer is effected to said fuel suppl

system from said transfer tank, and whereat saild transfer tank

preferably consists of a smallier tank, compared with said first
fuel tank. The volume of the transfer tank may e.g. be a volume
within the interval 1-10%, or 1-5%, of the total voiume of said

at least one main tank.

H
}

The transfer tank 1s thus substantially smaller than the main
tank, which means that it 1s also less sensitive tco the

movements of the fuel in the ts from movement and

road gradients. When the transfer tank is full, it therefore

functions as a pbuffer on occasions when not be drawn

out of the main tank, e.g. because of a

with an incline, so that fuel may be transferred Lo the fuel

supply system from the transfer tank even when

first main tank 1s not avallable, and so that the transfer tank

may be refilled when conditi

fuel is available again. Such a

aven larger proportion of
before a refill is required. According to one embodiment, said

first and second fuel pump, respectively, i1s used for transfer

;-
N

of fuel to said transfer tank from said at least one main tank.

embediment, said first and second fuel

from said
transfer tank to said fuel supply system. According to one
emoodiment, a first palr of fuel pumps operating in paralliel is
used to transfer fuel to said transfer tank from said at least
one main tank, and a second palr of fuel pumps operating in

parallel is used for transfer of fuel from said tranzsfer tank
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to saild fuel supply system. According to the in

first and/cr the second pair of pumps

cperati

be arranged to be controllied according to the 1

')

will be the detailed des

thereotf

example embodiments set cut below the

Brief description of the drawings

1A schematically shows a vehicle, in

,_YJ
}._4

Q
.

invention may advantacgsously be used.

Fig. 1B shows a control device 1n a
Fig. 2 schematically shows a fuel system, in

present invention may be applied.

schematically shows an example method

ing

enclosed dr

which

vehicle control

PCT/SE2015/050971

ventiocn The

in parailel may

nvention.

cription of

the present

which the

Lo

according

~vr

one embodiment of the presgent invention.
A T ¥ P B
Fig, 4 shows an example of the

for a fuel pump.
Fig. 5 shows an ezample of the total efficier

-

rair of fuel pumps operating in

Detailed description of preferred embodiments

11ly shows a powertrain in a

to an embodiment of

*—n:: pvnor nt

shown schematically in Fig. 1A

)

powertrain with a combustion encgine 141, which

is connected

oy’ s

vehicle

engine

paraliel,

140,

(28]

invention. The

Comprises a

in a customary

101,

toc a gearbox 103 via

compoustion engins 101 1s contr

of the vehicle 140 via an engl

in the present example, the cl

re controllied control device

oy a

utch

ils

~¢iled by the
ne control device
1806 and the

Yoe

7

awings.

a



2

(]
ot

2

n

[}

0

30

WO 2016/043652

output shaft

113, 114

<
i...
Q
93]

wheels

and drive sha

R
Ll

type, but the invention

powertrains, and alsc at

these are operated by a

The displayed wvehicle also comp:
1A shows two main fuel tanks 21
supplied to a fusl supply syste

a transfer tank 209.

by 2 controel device 230. Additi
fuel system are displayed in ¥i
Acco pre

fuel

e

naeth

oe car

alternatively

thus consist
TLhe vehicle’s control sys

oY T Yoy

Contryrol gevice

implemented in a

O
LNk e

-
-
=
=
N
i
o
+
-

number of electronic

controllers, and different comp
100, Such a control system may

Ty ey D oy e 108 - - o <
final gear 108, Fig. 1A thus ghow

is appli

combusti

ample an in

Lhe engine

Tem.

PCT/SE2015/050971

(¢

om the gearbox 103 drives the

inal gear 108, e.g. a customary

fts

185

104, connected to said

~

engine.

LIRS
rises a fuel system, where Fig.
5A, 215B from which fuel is

dection system 204, via

vatem’s functions are controlled

-

in the exemplifiesd

g
1.
=

! ~ ~ ey e oAy
2 F2 ana u 23CT liJ\:(J_ D&eL0oW,

invention relates to

.
one or severadl

from

the

cem, wi

the invention

od according Lo

(01028

~Oont

.

some appilcable

e control device

1is.

of any suitable control

The invention may also

dedicated

consist ¢of a communications

A
D

varal communication ouses Lo

- e NP { NTT
control devices {(ECUs),

oxr

onents arranged in the vehicle
thus comprise a large number of
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control devices, and the responsibility for a specific function
may ke distributed among mcre than one control device. For the

sake of simplicity, 1n Fig.

displa

cT e 2 J— oy
aevices are

functicn of the

device{s) at which

according to

1A oniy a

control devic

the presen

very limited number of

ved.

O
®
)
o
;
.
D
3

‘or the control

T

is ilmplems

e.q. depend on signals

described below

in connection with Fig. Z. Furthermore, the function according
to the invention may depend on signals from the fuel pump{s)

to the vehicie’s

device 117.

the control

of a computer program, which,

device, causes the contro
~ArvE ey = r*t NT @it Ao = et
CONnTroedL acCtlion, 3Ueh as a met

program 13

storage medium 121
program stored
sni-volati

medium 12

ilowi

o
iy
)
b
O
o

ng group: ROM

Read-Cnly Memory), EPROM (Era

(Flectrically Erasable PROM},

o
&
9]
®
ot

e
=

often carried cut by

LY ogranmed

ol dewvice to

usuall

where The computer progr

on

injection

tank to

programmed

instructions typically consist

whern ed in a control

carry out the desired

y a part of a computer program

am product comprises an

{see Fig., 1B), with computer

medium 121, The computer program

le way on said st medium.

crage

h

21 may e.g. consist of any from

d-0nlily Memory), PROM (Programmable

asable PROM), Flash, EEPROM

a h disgk unit, etc., and may
n with the control device, here

the control device., By
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behavicur may thus b« dijusted in & specific situation.
p 3 ~ N 3 O { e~ 3 cy ) B o o
An example control device (control device 230} is shown

schematically in Fig. 1B, and the control device in turn may
comprise a calculation unit 120, which may consist of e.g. a

of processcr or microcompuber, e.g. a circuit for

¢
o
l../
ot
jak
a3
&)
-
&)
o
@
&

digital signal processing (Digital Signal Processor, DIP), or a

Q

circuit with a prec ific function {(Application

QJ
"D
o
fan

3
O
o3
02
T
(T
i

o

calculation unit 120 is

Specific Integrated Circuit, ASIC).

connected to a memory unit 121, which provides the calculation

unit 120 with e.g. the stored program code and/or the stored

ot
G

data that the calculation unit 120 needs in order to be able

(’\

carry out calculations, e.g. to determine whether an error code
should be activated. The calculation unit 120 is alsc set up to

store interim or final results of calculations in the memory

contreol device is equipped with devices 122, 143,
receiving and sending of input and output signals.
These input and out t siconals may contaln waveforms ulasaes or
nese input ana out Pu Sldnals may Ccontaln wavellorms, puLses O
} + -~ LR} o ey N <7 o N AT ey T i += +
»ther attributes which, by the devices 127, 125 for th

of input signals, may be detected as informaticn for

by the calculation unit 120. The devices 123, 124 for

outpul signals are arranged to convert the calculation
from the calculation unit 120 into output signals for

to other parts of the vehicle’s control system and/or the
component (g} for which the signals are intended., Each cne of
the connections to the devices for receiving and sending of

- o Y s )
everal oL Tne

w

input and output signals may conszist of one ox
following: a cakle; a data bus, such as a CAN (Controller Area
Network) bus, a MOST (Media Oriented Systems Transport) bus, or

any other bus configuration; or of a wireless connection.
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An example embodiment for control of fuel pumps according to

2, and invention will ke

the fuel system displayed in

Fig. 4. The present invention is applicable in all types of

tank, and is especially appiicable in fuel systems o
displaved in Fig. 2, and the versions ¢f the fuel system

seribed in connection with Fig. 2.
J

In relation to the method 300 in Fig. 3, this begins at step

fuel

armined whether fuel transfer wi

301, where it is

pumps should be carried out. When fuel transfer must be carried

~

o to one

out, the method continues to step 30Z2. Accordin

embodiment, control of the fuel pumps at fuel transfer may be

arranged to be carried out inuously according to the

present invention, as soon asz a i pump must be activated.

where more than one pair
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pumps 1is used, be arranged to be controlied
lyv. The method displayed may thus be used

1y for the pailrs of fuel pumps arranged in parallel

'._

3
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}._4
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jow
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Fig. 2 shows the fuel system in Fig. 1 in more detail.
system illustrated in Fig. 4, two main tanks 215A, Z1

used, each of which holds a relatively large amount of fuel,

it 1is possible to obtain a greater total

i pt

at might cotherwise be possible while using

y a single tank, as there may be a shortage of large,

find a possibkble locaticn for a single tank of the desired size,
The two main tanks 215A, 215B are connected with each other via
a passage 216 in the lower part of the tanks Z15A, 215B, so

that fuel may fiow from one of the tanks to the other.
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Likewise, the tanks are connected with each other at the upper

Fuel is drawn from the main tank 2154, to which the fuel

main tank 2158 alsc flows, via a fuel armature 213. The
213A of the fuel armature 213 is preferably arranged de

the tank, i.e. near the bottom of the tank, in order to ensure
that as a great a volume as possible may be drawn. A certailn

distance from the bottom of the tank may be advantageous, £.d.

and other ¢k
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that gravel, debri
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the tank be drawn up. The fuel level in the
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tank may be determined with the use of a level sensor 217. The

[ )]
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fuel is sucked up by at least one of a pair of fuel pump
2128 arranged in parallel, and the fuel drawn up by the fuel

pumps 21ZA, Z12B is pumped, in the present example, via a pre-

a
is substantially smaller than the main tanks 215A, 215B. The
size of the transfer tank 209 may e.g. e in the range of 15-5

Total

litres, or e.g. have a size which, in relation to
volume of the main tanks, constitutes a volume in the range of

~5%, of the total velume of the main tanks.

ot
<
o¢
hl
O
Y
—
3

substantially excesads, the width and the depth, respectively.
The transfer tank 1s thus preferably relatively high and
relatively narrow, in order to reduce negative impact of

slushing to the extent possible.

215h, 213BB to the transfer tank 209 may advantagecusly be

arranged insids the transfer tank 209, which is indicated with
dashed lines in Fig. 2. Obviocusly, this iz not necessarily the

case, and obvicusliy, Tlg. 2 1s an entirely logilcal diagram of

: Q

filter 211 for separation of water in a customary manner, Lo an

nk 209, a transfer tank, as set out above, which

~

U
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the fuel where no

vetween varlious component

example, all fuel pumps displayed may be of

may any conclusio:

placement of the res

4

being indicated explicitl
the example disvlave

According to

pective

d may

ancther embodi

PCT/SE2015/050971

proportionate

parts of the fuel system., For

the same type.

i J i

ns be drawn recgarvding the physical

component parts,

other than it

igure that the fuel pumps in

P e F4
Vo oin tine I

be arranged in the transfer tank.

]\/L‘f".i’ﬂzrr‘. + 15 J g

VDAL L Ly

iment of the present

The fuel pumps 2122, 21ZB, as

are electrically

- cm e = b . N - — N\ ey A e WESRSN
cperated fuel pumps, where a respective actrlic motor Z2Z24,
I 5 7 L9 By ey — - P ey A 2 PN ) Sy A v = o 1 o]
2228, 221A, 221B is used o operate the respective fuel pumpes
as set out below. A fuel pump with an associated electric motor

to transfesr fuel
101 1

2104,

combustion engine’s

and electric motors

arranged in ancther appli

main tanks or entirel

The fuel is moved,

tank 209, via a cond

of an

rrespond

well

ira of

arrandg

as the

in the

init 218

integrated part,

which are arvanged for paraliel

ling to the pumps 21ZA,

=

from transfer 209 to the

the tank

system. These electrically

nijection

2108 may also be arranged in the

wel filter 2311, In the

fuel pumps 2104-8,

Lo the injection system are

mailn tank

pumps 210A, 2108, 21ZA,

ing the fuel

associated therewith, in the transfer

r\

transfer
reverse, the fuel may be heated with

motors/fuel pumps. The respective

fuel filter alternatively be

] R o L A .
cable place, such as e.g. in cne of

y outside

present examp

8 and a =zecond filtexr 207, to an
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combustion engine’s combustion chamber via the respective

D

The indection system displayed in Fig.
Fail System, which thus entails that all
injectors (and thus combustion chambers) are suppiied by the
common rail 201. The pressure in the fuel conduit 281 may be
controlled with the use of a valve 2Z203. The function of the
fuel filters is not described herein, since such function

constitutes prior art.

Exzcess fuel from the high pressure pump 204 may be returned
the transfer tank 209 (according t
alternatively to the main tanks 21°
dashed line 225) wvia a conduilt 219,
from injectors 202 and/or from the fuel conduits 201 may be
returnad in a corresponding manner from an overflow condulit
220, 224, The returned fuel may also consist of a lubricant
for, respectively, the high pressure pump 2

Bl

202, etc. The returned fuel is usually heated, so that such
excess healt mayv be used Lo heat the fuel by wayv of returning

the fuel to the appiicable fuel tank, as described above.

advantage that,

the substantially smaller transfer tank described above, whi

<

S0

o

(PR

is therefore alsc substantially lezs sensitive to slushing fuel

uel pumps, varicus advantages may be

D
}.__l
®
Py
Q
& *J
'._
Q
o3}
}.__l
'._.J

[N

@)

o]

D
[
o
-t
D
@)
[N
-

achieved, such as e.g. improved range, since a larger

withdrawal from the main tanks 1z permitted before refililing

reguired. Furthermore, the use of electrically operated pumps
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When fuel th

used in dete

determined in

in order to
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ntages with respect to e.g. energy consumpitiocn,

th a fuel pump cperated with an output shaft of the

us has to be pumped,

t
rmining the control of the fuel pumps are

200 o matrhod + t ten 303
step 302, and method continues Lo step 303,

should be controlled,

determine how

following which the control is carried out in step 204, The

methoed may t©

mentioned ab

least on

’D

4 NNy
=~ fficiency,

displayed, w
flow. Such d

alternativel

efficiency,

specified. S

may ke carri

ey in tabled form, or alternatively a model ©

hen resume to step 301, wherein continuous coentrol
pumps may be performad. The method displaved may be
be carried out geparately for the respsciive pairs

SR
s 210A-B; 212A-B,

to the determinaticon of parameters that are Lo s

determination of the control of fuel pumps in

N

sist of parameterszs cof various types. As

D
053
O
o
L
bt
9]
@]
=
'J‘

ot

ove, control according to the invention is kased at
fuel pumps’ total efficiency. Regarding

this is often available for

here efficiency may depend

Yy may €.9. be measured, and in Fig. 4, an example

cy characteristics for an example fuel pump is

he ¥-axis represents Llow, the y-axis represents
ference over the fuel pump, and the graph =zspecifies
where a corresponding pump rotation speed is alsc

uch data is preferably stored for

T

h
+

-he
Ll

N

efficiency may be applied, whereat such modelliing
ed out in an applicable prior art manner with the

a pump nodel from prior art.

o~

zuch da

ﬁ'

a in relation to the two pumps in a

ing in paralliel, a total efficiency for the two
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be determined.

r
J
[
[6)]

pumps may

applicable manner, and

the followlng squations:

4y =4, + 4,

2 ~ e - 3 e B ey o S -] N el
where ¢, is the total pumped

cective punp.
AP, = AF, = AP,

sressure difference

nay then be

oump.,
diagram for a
wherein

cguations,

of pump speed

L o
olicabl

le pre

sed on this

LS e i)

locking up tabled values, ox
problem, wh
manner and with e.g. boundary
pumping speaeds

thie result

appearance, may be

flow and

over the

rewritten

Fig. 5 sho
certain pressure A,
the total
and wherein the

\---'=\v~ ~ o
ations of

with a
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determined in an

With

the use of

{equation 1)

N

{equation 2)

pumps 1s the same at

Lo L INT

as:

3)

")

{equation

7,7, 1s the efficiency

example esulting

determined with the use of

afficiency is displayed

is aLso

total flow

the total efficiency may

ssure differences ov

oy
D

exr

entalling a

fuel pumps may be

FaT=Y
e

controllied

achieved e.g. by way of

solution of an optimisation

in an applicable pricr art

o]

in the form of maximum

conditions

~
Ol

the total efficiency’s

that one pump at a time is
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activated at e.qg. minor flows, or alternatively that the pumps

out with different loa

O

5.

<
e

are activated at

nised

Thus, the operation of the parallel fuel pumps may be
for each moment/change in pressure/flow, and as a conseguence
the long-term energy consumpticn is optimised. According to the

above, this coptimisation may e carried out individually for

2ach regpective palyr of fuel pumps in systems of the type

J I o 9}
displayed in Fig. 2.

According to the invention, however, the present inventicon is

not used only to optimise energy consumption, but
optimisation from the point of view of dependabilits is

achieved by way of, in addition to optimisation based on
efficiency, also including additional parameters.

m

There 18 a number of factors impacting the 1ife span of an

—

electrically operated fuel pump. In particular, the life is

determined by the life of its componsent parts, and regarding an

=

arts congist primarily of

T component with the
shortest life will determine the life of the pump. The iife of
the component parts 1s affected by various factors, and
according to one

letermine the impact

Ia)

data may also be

manufacturer. In connection with the determination, regard may

be had tco variocus factors, and a cost functicn may
PRUE, N . AV U P 12 P oy L i P R R NP .
advantageously be applied to minimise cost” with respect

g s [ TR . L e oyt crti ot Ty e Ny N e : ~+F Iz P .
to the operation of the pump, wherein the operation of the pump

may thus be cptimised based con set criteria, including

efficiency and life related parameters.

consist, e.qg. bearings, of the load of the pump,

the rotaticnal speed, the number of operating cycles,
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lubrication and the coperating temperature. In relatiocn Lo the
electric motor, the factor he greatest impact on the iife

span is the temperature of the motor windings. If insufficient
cooling is obtained, the temperature of the windings will rise,

with a conseguential risk of damage. The factors primarily

re of the windings are the

Cemperature,

rom a control point of view, the factors that may be directly
impacted are leocad and rotaticnal speed. The lower thess are,

the lower the resulting temperature of the pump/electric motor

will be, and the need for lubrication also decreases.

According to the present inventiocn, a cost function may be

applied, wherein various factors are weighted. Generally, cost

functions are often applilied on motor vehicles such as cars,
trucks, buses or similar, in different optimisation algorithms

jective of determining control parameters for

functions, and such methods may

thus also be applied in this case, wherein weights included mav

the number of operating cycles. Likewise, tThe total cpsrating
tTime may €.g. be used as a parameter, as well as the
temperature, the operating time, the lcad etc. and changes in

how the pumps are controllied may alsc be included as a factor,

wherein .9, large control changes may e “punished” to reduce

the occurrence of such events.

Control may thus ke performed as a coest function, wherein a
number of factors are welghted when determining how fuel
pumps should be controlled., The cost may e.g. be calculated

with the use of a square cost function or ancther appiicable

o)

cost function, wherein the control may ke carried cut a

R
()]
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ot
)
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welghting of the pumps’ total energy consumptbion, wear e

expreszed as pumping speed,
temperature etc. start/stop and risk of failure, wherein such
risk mav be arranged to rise with age/operating time etc. The
rezsulting control of fthe pumps may thus vary over fTime, e.g.

the resulting cost function may be such that a poorer

efficiency may be acce when the pumps arse worn, 1f this

reduces the risk of a failure.

bed
)
o
[
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P.J
ie]
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1
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control may be arranged to follow a “valles

e
and e.g. occur continuocusiy. In systems of
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pumes may be arranged to be
N - : o LR p— N T ol DT (T by o ~vrrys | ov
controlled in various ways, wherein 2103, 2108, which supply

the engine with fuel, may be arranged tTo be in operaticon

pumps 2124, Z12B filling the transfer

tank may be operate either continucusliy or in a
non-stationary/intermittent manner.

For example, the operaticn of the pumps 2124, 21ZB may be
arranged, to the extent possible, so that the transfer tank 1s

filled at engine braking, £.g9. when the fuel Lo gaid

combustion engine is turned off, as energy for operation of th
fuel pumps

arranged to continuously

i

eceive data regarding the road ahead
of the wvehicle, from the control device that handl
information. This information may e.9g. ccnsist of

together with positioning data, or alternatively

applicable description of the nature of the road

vehicle. For ezample, 1t is increasingly common
comprise a so-called Look Ahead (LA} function that controls
varicus vehicular functions such as cruise control, based on

ahead of the wvehicle. This Look

the appearance of

Rhead function, or a similar function, may thus be used to
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are available in
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d for £

(SR

TR 2 e S oA xre
{100}, wherein salid ve

)

engine (101) and a fue

ith sz2id combustion e

for recelipt of fuel an

{2154} and said fuel s

WL

=]
Pt

wherein in the method

- controlling the tran

2104} and second (Z12B

based on a representati

first (2122A; 2104 and

wherelin saild transfer

at least one parameter

T

that a second fuel pump
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Claims

pump control in a fuel system in a vehicle

hicle (100} comprises a combustion

TR INA S
L o supply system {204} assccliated

ngine {101}, wherein the

one first main

g a first fuel pump (2122; 2
fuel bet > id first main tank

upply m (204), characterised in

arranged to

th said first fuel pump {(2123; 2104}

R V£ P N . JER B 3] .
nafer of fuel between salid first

aid fuel supply system (204),

e TOTy T oo e
conmprises:
<

sfer of fuel with said first (21

: 210B) fuel pump, at least partly

U = v - - e N I - e P o
of fuel alsc i1s contrciled based on

Method according to claim 1, further comprising, at said

welghting efficiency

P Y - i - 4 Ten + - -~ P
with a first weight and the

N Y NP R . LU < e e I - Fu
Method according to claim 1 or 2, further comprising, at

least one parameter with respect to

—+

NG weight, whereln said first and
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second weight, respectively, is arranged to chanc

1od according to claim 2 or 3, whereln sald weights are

arranged in such a manner that control 1s carried out

-
5 increasingly less based on efficiency, compared Lo based

span, with a rising total operating time and/or a

said first and/or

rising numbexr of

second fuel pump.

5. Method according to any of claims 1-4, further comprising:
i0 - controlling said first (2122; Z210A} and sscond (21ZB;
2108} fuel pumps, based on a total efficiency, determined

based on an individual efficiency for said first (Z

o A X
G. Method accordin

ST ST AN PRV
(Z212A;2104A) and

ed and/or tabled representation of the efficiency
o

for saild first (2122;:;210A) and second {(Z2128;210B)Y fuel

pulp, respectively.

o) 7 NA S . R U N R NP o 1 ~ s S
20 . Method according to any of evious claims, wherein
ency consists of an efficiency dependent on

flow and/or pressure difference.

<0

. Method according to any of pravious claims, also

)

sing control of the operation of

TN

25 2108 and =second (Z212B; 210R} fuel pumg

cost functicn, wherein s=aid cost functicn is a function of

ncy and at least one parameter relating to

the 1life span of said first (2124A; 2104) and second (212B;

previous claims, wherein

said at least one parameter relating to the 1life span of
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zald first and/or second fuel pump comprises one or more

- a prevailing temperature and/cr a temperature expected

during operation for said first and/or second fuel pump;
5 completed starts and/or stops and/or operating cvcles
for said first and/cr second fuel pump;
- an c¢perating time, such as an accumulated operating
Lime, for said L and second fuel pump, respectively;
speed during operation of said first and/or second fuel

10 oump .

0. Method according to any of cvious claims, wherein

-t

’L

AN

sald vehicle (100) aliso comprises a transfer tank {209},

arranged between said fuel supply system (204) and said at

4
H

—

oA

{n

- one first main tank (2154A), wherein the method

~

[

comprises suppliving fuel to gaid transfer tank (2098) from

T
ot
@]

said first main tank (2154} and from =zaild transfer tank

said fuel supply system (204}, sald transfer tank

iy

{(209) is a smaller tank than said first main tank {(2094A),
and wherein said first and second fuel pumps are used to

20 transfer fuel from said first main tank {(2152) o said

¢t
=
o
]
923
et
)
m
it
Q
]
o

239Y, or from =aid transfer tank to said

10, wherein said transfer tank

Y
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Y
=
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12, Method according to claim 10 or 11, wherein the =i
he transfer tank (209) iz in the range of 15-50 litres,

or a size which represents a volume, in relation to the

of one or several of the main tanks (2154,
30 215B), in the interval 1-10%, or 1-3%, cof the total volume

of =said main tanks (215A, 215B}.
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13. Method according to any

palr of pumps arranged f

transfer fuel from said
to said transfer
for par:

transfer

wherein 2ach

- P N T = v £2 p—
according to any of clal

14. Method according to any
comprising control of the

sald transfer

15. Method according to any
said fuel s=supply svstem
PN et w) - Z P J_p—_). DY o LT

implements

ot
~d
.

Computer program

medium and a computer

computer program being comprised in

medium.

= -

Tor fued

)
o
wm

[
10}
of
(O]
o

pump

allel operatiocon is used to

J,_,/rl__L‘

comprising a

program code is executed in a

product

program according to

control in

vehicle

supply
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of claims 10-12, wherein a

or parallel operation is

at least one first main ta
tank, and wherein a second pair of

~ 1
said fuel

tank to

of fuel control

!.J
’__J
{

O
b

pumps 1is

f the previous claims, alsc

afer of fuel from said main

tran

least partly basged on data

the vehicle (100}, wherein

of the previous claims, wherein
(204} consists of a fuel injection

computer, achieves

T
according toe any of

the method

comprising a computer-readable

Salc

cilaim 14,

said computer-readable

a fuel system in a vehicle

{180 combustion

0
O
%
s
}_/
te)
o
199
I

and

a first fuel pump

transferring

first main
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tank (2152} and said fuel supply syatem (204},
characterised in that the vehicle comprises a second fuel
cump (2128; Z10B} arranged to operate in parallel with

sald first fuel pump (2124; 2102 in connection with
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said fuel supply system (204}, and wherein the system
comprises elements To:

—~ control the transfer of fuel between said first

2104 and second (212B; Z210R)y fuel pump, at least partly
10 based on a representation of a total efficiency for said
first (2124; 2104A) and second (212B; 2108)
- elements to control said transfer of fuel, based also
at least one parameter relating to the life span of said
fuel pumps.
i5 19, Vehiclie (100), characterised in that it comprises a syst
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