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Title: Method of testing a fuel injection valve for a
di esel engi ne- Technical Field The invention rel ates

wao eooz/os@eBhod for testing a val ve, especial |y aPCI/DK2004/000711

conparatively large fuel injection valve for a
conparatively | arge di esel engine by supplying pres
surized test oil to the inlet side of the valve, by
[ he i.nlet side

igsal enging ground
Art NAN B & W DI ESEL A/S has recently devel oped a new
type of fuel injection valves naned "slide fue
viakkeisal Bkld he types K 90 MC-C and K 80 MC-C, etc, con
fer Fig. 2. Conpared to conventional valves, conf er
Fig. 1, a void in the valve tip called the "sac

iy B gntdin. SRR ﬂéeaﬁﬁwﬁt"f%r‘@ﬂ%ﬁ?” Ao PRI frgrperatively
V& 'ﬁel% et:ﬁ&ll Vﬁl% rf@ﬁ@‘éﬂﬁipﬁﬂltf‘ve gﬁ eCJh%%l s s‘ﬁ?ﬁlymg pres-
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(typically 1-2 cnB). This has r ed In a redudc

sumadﬂgsmﬂ tm’élednles slde efi thyi vedye, rb@zdwhﬁﬁ methée the oil pressure on the
gener t| 0 ower a gOC em ssi ons and not | east
inhleﬁl 04 HE;F?%SEEI ¢ bemgdesqrded.i nj ecti on val ve

shoul d be checked on a regular basis inter alia to
ensure that inter alia the opening pressure is
Backaound A€ openi ng pressure may for instance have
changed due to slackness in a built-in spring in the
val ve. Furthernore the venting pressure is checked and

N byr et i st," sQ, b rri.ed out
NABERC G St S s Tt Ro R e ionades 1O bk of fuel injection
t r f -
Vel i IRIORRIV Ao AL ibos 1190 KEOIC g R SPMEE, ote, con
lﬁeranugr 2. Conmaeab&ﬂcmvenﬁ&aal@zahaas) corsfes Bppl 1i, edvdid ia the valve tip

?L(I{Tatlc ,_Which converts the air o
cal ed the "saC volume" or clearance volume has been eliminated, thereby prevent-

ing an untimely injection of a small volume of fuel corresponding to the clearance
volume (typically 1-2 cm®). This has resulted in a reduced sooting of the diesel en-
gine, reduced smoke generation, lower NO, and VOC emissions and not least im-

proved fuel efficiency.

The fuel injection valve should be checked on a regular basis inter alia to ensure
that inter alia the opening pressure is correct. The opening pressure may for instance
have changed due to slackness in a built-in spring in the valve. Furthermore the
venting pressure is checked and a "carburetion test" may also be carried out. The
conventional equipment for checking fuel valves, including the opening pressure,
the venting pressure, and the carburetion test operates in the following manner.
Compressed air (5-10 bar) is supplied to a pneumatic pump, which converts the air
pressure to a hydraulic oil pressure of several hundred bar. All tests are performed
by feeding pure test oil to the valve at specific pressures, whereby it is possible to
test that the various parts of the valve function correctly. At the opening pressure

test the pressure in the valve is gradually increased until a built-in slide body in the



pressure to a hydraulic oil pressure of several
hundred bar. Al tests are perforned by feeding pure
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it is possible to test that the various parts of the
val ve function correctly. At2the openi ng pressure test
the pressure in the valve is“gradually increased until

a built-in sljde _body jn theval i s, activated and the

Neois actippiebandiiberelye iirenasd darelpl vhsreaftsy e dreisure drops
Sk | . i . i
ighllh 308 iGE5ey SIRACUnGPHATESEbhes bl excocps the open-
tifg peckEtrer Bi {hercatingtti@Ntesidrembahalail pR&aHSs W geregated in the pump,
generated in the punp, said pressure exceeding the
cphpregsye exseeding fthe peeniag pecsewiasoidbeasiye casederetis. When the

connecti an . bet ween t he .and,.t he jnj.ectipn.,valve |.s

cFORHEH o Sg 1 i e e e tion Valyis eptablished pally by pull-
Fj t v [ i ' I [ _
o gy B, T e SRR 8 ATt e con
pieotion Hetwdenathe .injebiien valme @nd ithe plimipastcueqffi fIimntortvastional test

however, a di sadvant ageous i nfluence on the ) )
fEGHERER diast HoBevehe RS NpaIageaus THEIRER WatbgeSingfienaliy of the
B B S0Pt B BRI 04 o K e

Hethd idyeckdBtosthB)cefiv@ional ¢Hbhgeties et ¥nd tHes e BitbjBeted o unnec-
subjected to the normal opening test with several

SuerE shesebp pemignybjectidetor bagwnmahgpertieg Vest vath saveral successive
e e o Bl L S b 5 AR cdburcon
. : X _ .

l}gﬁtggg(ﬁ/gf Tedo 'tﬁ%ﬂgﬁgﬁ » t6n e%ﬁ%}gﬂﬁ%ﬁ?@ Q) Ierformed is

ue to t I ffering physi
prequedblye shaf ddféuts aeisé onithe antiesfdueh® therditierid ed®bico-chemical
oil. In addition hereto, netals _ex pand when heated.

orertiehehtls tedi gibandyohihe nosmabdicsel qihck eddition horgfqsanetals ex-

hrliog h L . iated
B gy VAR s Tl i, 3he Bl G e i ot
B HeaMERINIIRDEIMNCRMated RbidBehe ShlvbNGhicBShbAG thBethe friction
during normal operation. Description of the Invention

resistance therebetween is higher during testing than during normal operation.

Description of the Invention

The object of the invention is thus to provide a more lenient test method, which also

can be used in connection with the newly developed injection valves.

A method of the above type is according to the invention characterised in that the
pressure increase is electronically momentarily interrupted when the opening pres-
sure of the valve is exceeded, corresponding to the pressure on the inlet side drop-
ping, a compressed air supply for providing the oil pressure on the inlet side being
momentarily electronically interrupted at that moment, whereafter inter alia the
opening pressure is used to decide whether the injection angle in its present state is

suitable for use in the engine.



The object of the invention is thus to provide a nore
| eni ent test nmethod, which also can be used in
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A net hod of the above type is according to the
i nvention characterised in that the pressure increase
is electronically nonmentarily interrupted when the

enin res sure of the valve.i s exceeded,
2 Pedponariyben e prassieipes ghe th s Rpating iof dhe feg) valve, the
RionR GRMBIRISCHARIH: SRFprRi R A i
pr essﬂre on the i naet esslﬁggwb%i; ng %Dne\rqtégltﬁfgl%%n% Is shut off by
et@vdtingrd maghetid viles fnhle@dnipredsbd bir pipe Mthe puvey daktsédps and the
inter alia the opening pressure is used to decide =
WRERIAS Presyere; ofj the i eptionnalee isfiqzes oprasdisplpy sthg eombkination of an

i e I n the ine. 3 . nonent en
P PisC e b pl " SIPNAu a 5 TG e 88 ensures that
vialikebefohethel opehin@Hressuf s opHaftaihb@fortRwsERp! y of
conpressed air to the punp is shut off by activating a
magnetic valve in the conpressed air pipe. The punp
thus stopg and the. openin ressure of the injectign _
A5yl heglssinis bl fyreygilgcionnan dbsisgiionorlss wihout causing

' asurenment, a magnetic valve and digital

?é%%?é]g{%g{oggeensur es that unlike before the opening
pressure is only maintained for a fewns. As a result,
the test is able to reveal defects in the injection
Palef &ogerinig aadrawingsmage t hereof . Bri ef
Description of the Drawi ngs The invention is expl ai ned
in greater detail below wth reference to the
THE GRAMGN 1§ Sx SR N Sredtd T¥dif BelbhOwith réfaMRedo the accompany-
conventional fuel injection valve with clearance
g drawingsi g whichhows one of the newl y devel oped f uel
val ves conprising a slide body for fill

Fig. 1 shows a conventional fuel injection valve with clearance volume,

Fig. 2 shows one of the newly developed fuel valves comprising a slide body for fill-

ing the clearance volume,

Fig. 3 shows equipment according to the invention for testing the new fuel injection

valves,

Fig. 4 shows an adapter unit to be arranged on conventional equipment for testing

conventional fuel injection valves,

Fig. 5 is an electric diagram of the equipment shown in Fig. 3 and the adapter shown

in Fig. 4,

Fig. 6 illustrates how the equipment according to the invention operates, and
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ing the clearance volune, Fig. 3 shows equi pnent
according to the invention for testing the new fuel
WO pgososs26m val ves, Fig. 4 shows an adapter uni PCT/DKR@4/000711
arranged on conventional equi pment for testing
conventional fuel injection yalves, Fig. 5 is an
el ectric diagram of the equipnent shown in Fig 3 and
tes how

ne shown ustr
il e Flen SonAReIonrns % soiimBert ol ol adit sccording to
aﬂglVQhU&h il Mispt es conventional test equipment on
an a apter unit according to the invention is
nount ed. Best MbdeCs) for carrying out the invention

The equi pnrent shown in Fig. 3 for testing one of the
@Mé&@ﬁq_é@awnh@mvmh%nfer Fig. 2), which
- does not tolerate being subjected to a nmanual opening
pres sure test and the above nentioned carburetion
t[%%%qfuiﬂiﬁérﬂ%@wﬁnmoﬂg 80folr R6tin@ oricPBK thé: ndvid féli i‘fﬂbchBﬁ valves 1
tip of the injectionvalve is inserted. A hose 4 has
beoerfierl Eig. 2p whighidveenos taleratd being subjestedftora mapphlyopegping pres-
pressuri zed test oil. The hose.4 is l.ed from a_negs
PW& ta%\ﬁnééﬁ% aboes @an%@negi ©h Riie LS |1935 &3 @ collection tank 2,
24 g @%MF %J %‘l"‘%lve% k&4, 2R dsbuhRideeh ?fe% ‘ﬁ) the inlet
t oll, Sard of

e as te el ng as Vi scous as

@idle of seélvalue ifagsupplying priseuritedasstafil. Ihdiesel ietgi fiém a measur-
Fig. 5is a flowchart of the neasuring device 6. It

sungeviiens inclpdnge mpma;w@lwemted&lyéwbpwmm(mhpump) A clear

T4 gl O R Sl ok SR B LR i

ﬁ@ﬁhﬁ%ekﬁﬂo‘h%f‘%ﬁiél\éhélhe.be de scribed bel ow.

Fig. 5 is a flow chart of the measuring device 6. It comprises a power supply 8
which is supplied with mains voltage and converts this mains voltage to a low volt-
age of + 5 VDC. The low voltage is used to operate various units which will be de-

scribed below.

Outside the large box which is shown by means of dotted lines a pressure sensor 10
is provided reading the oil pressure on the inlet side of the injection valve. The pres-
sure sensor 10 emits a current of 4 - 20 mA depending on the pressure. The current
is fed to a mA/V converter converting the current to a voltage level. The voltage
level is transmitted to an A/D converter 12, which converts the voltage level to a

digital value to be displayed in a subsequent digital display 13.

The voltage level from the mA/V converter 11 is also transmitted to a peak value
control 15. The peak value control 15 reads the maximum value of the peak value of
the voltage level at the moment when the voltage level begins to decrease and
transmits this voltage level to an A/D converter 17 converting the value to a digital

value to be displayed in a subsequent digital display 18.



Qutside the large box which is shown by neans of
dotted |lines a pressure sensor is provided reading the
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The pres sure sensor 10 emits a current of 4 - 20 mA
dependi ng on the pressure. T§1e current is fed to a
m/ Vv converter converting the current to a voltage

E¥viais & ops Sharh BE meCaiRote b FBAD, Med of ghliftcttog valve is in-
gbﬂéc} #to Yl?é dﬁ? csl@ec%n%ﬁ@t ams% t‘h@ gr?hes%'ik%%@ Miedlsedit@bt@ed 100 bar

I spla he voltage | evel the md/V converter
iagd dhs Opémng pmstsmneds seleetefeBike pEﬂSSlﬂ‘e dostbsetuciBly fhinther increased

peak val ue control reads the maX| numﬁéﬁl ue, of the peak
\aadufbe ofelenot\ibet RigEUre Jo saBpladh df iBfeHeP vieprepfie exceeds 400

alhadnb SHBlnBSPURS AR, JRR SRR ANLLLRRIA B LIS is accepted.

age conver

Epth@ rgétﬂhﬁgﬂb grdsﬁlrb@s Eorbgot MeRevet, & tﬁ@ﬂﬁ@qn%éssure is below
8It&| dIS ay 18.5 Fig. 6 is a flow chart of

@lae/sezce,sthe opeiiing dbesmattnscui 5 exfpected, wh}Cbcresldﬁs m an\mor
|s in serted into the oil collection tank 2. Then the
pressure is increased to exceed 100 bar and t he

g‘ﬁ%nﬂeg‘tgnﬁ ‘iﬁ@cax?]&e Bk ?E&d as. TOIFo\R¢. SRSt O}/entlﬁlg pressure is

sequently furt eased and the va ue
pcassiedeid thegaegshisdat Wﬁlchreered]uapvalve o drsinjeetion vab@sfor flow of
400 bar/sec, the opening of the valve slide occurs as

eilpadheinjection Yahee aalowed; Ih ﬁ&é@%ﬁ&ﬁresmﬁ? fheypiedlyl 34 bry, but var-
ORCRRRY BB G SR bas YR OBl ghoressre i

%?&é‘a[seés’to VPRI PresbbiicCH fop Shdthicel I5(APare Mherinitihd 9rés§§ﬁe merely

may for instance take place as follows. Initially the
hentd h@ consédesably highardsmuthedxpeeed Meluprofsbauiel bamAihe lexpected

L o S, T e
'uﬁFf Y Bl &fah!pf f&%greb&{)g oRMlrs %@fre%@%ﬁlﬁ{g&rtﬂé Bferdif} Io? fhe reﬂux valve.

valve type.” I'n connection wt measur enme
Ahegsedsard st which the pressure drop occurred is recorded and compared to the

desired value of about 30 bar. At a substantial deviation, the valve cannot be used,

until it has been cleaned/repaired.

The opening pressure is then measured. In order for the injection valve to operate
correctly, the opening pressure has to be of about 500 bar & 25 bar in a hypothetical
case. Also in this instance the expected opening pressure is mentioned in the techni-
cal manual for the valve. Tests by means of the test equipment demonstrate whether
the valve complies with the guidelines stated in the technical manual from the valve
supplier. A clear thin oil is used for measuring the opening pressure and for check-
ing the reflux valve. The measuring is performed by gradually increasing the pres-
sure until it drops. The pressure at which the drop occurred is recorded as the open-
ing pressure. If the opening pressure is not satisfactory, the valve is to be adjusted or
renovated. Usually a deviation implies that that the opening pressure is too low.

This indicates that a built-in spring in the injection valve has become too slack, and



increased to an initial pressure of for instance 150
bar. The initial pressure nerely has to be
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30 bar. The expected value is stated in the technica
manual for the valve 1. The pressure IS then decreased
until a sudden pressure drop occurs corresponding to

eReadfane] Spsiar ape CEuph Bnes b ForebPa R AN Eliy B Fpso as to
E&:'éﬁlp%ﬁ&{té ecﬂelﬁ?ér.u Q?tﬁér @Q@Htsuﬁgli%rhav%t othep YWRRkA0H b@j‘ggtgrl]ent_ The

viration, the valve cannot “be used, until 1"t has
chemhedt rapai iedevefhelsobenised jor esmiection Svithether valves than the
measured. In order for the injection valve to operate
vehvies drany B& We Qshearvahvpsprass epfianay deradjustedoby Bisang ofsperrew.
bar 25 bar in a hypothetical case. Also in this
i nstance the expected opening pressure is nentioned in

hhe Gfedltig prabsur@ Ut shesradtbey, Viad Valve 1656 bPYdfiBREr @bnovated.

the test equi pment denonstrat’e whether the valve
dosgtisfagomi efeningeprgsiude dpers hoveser dot implychatetbhvialval 1 is accept-

u fromthe val ve suppli er. clear thin oil is .
72 T g ot geaemtsadii el desst bt e arorged sitisdactorily.
ing the reflux valve. The neasuring is perforned by
gradually increasing the pres sure until it drops. The

[Af esBeof thd petibithed festsdir@ poocatiplead with tee oxpietedastliethe crew
open ing pressure. |If the opening pressure is not o
sabpatlaz sbipyhas eepeyigheein dispesepbling ihetwdvesrand cleaning/adjusting

renovat.ed.. Usual | deviation i ies that that.the . .
ofiaR AbSh reaBBaaupdl Sk S Hrd SO orikapdlln. hioblets s arise
btk {419t Ra$ R b @nbPatbdeh b BhrBiglel 98palpdngp drafisdagdcae t oo

sl ack, andan additional spacer ray for instance be

inserted in MAN B&W's val ves so as to conpensate

h for. Oth al li her, . f .
AP die et RS Pk s
[ : e valves from
é@%ﬁ%‘lﬁ@é \f/bg‘fe\;%égsslarrﬁéﬁbgpe? ?%héé?@#%g{%%%j usted by neans

of a screw. If the opening pressure is not

satisfactory, the valve 1 is to be adjusted or_
de additiondo the measuring equipment shown in Fig. 3, the applicant has developed

a separate electronic adapter unit, which can be mounted on the conventional meas-
uring equipment, confer Fig. 7. As a result the user need not purchase an entirely
new measuring equipment when putting the new injection valves into operation. The
electronic unit shown in Fig. 4 is mounted by removing the back plate on the con-
ventional measuring equipment and mounting the electronic unit on top of the con-
ventional measuring equipment. The back plate is then remounted. Furthermore a
pressure gauge is inserted in the pipe for supplying oil. The pressure gauge performs
a continuous sampling of the oil pressure, but only shows the pressure on a display
at the moment when a pressure drop occurs. At the same time a signal is transmitted
to a magnetic valve inserted in the compressed air pipe to the oil pump, said signal

ensuring that the compressed air supply to the oil pump is cut off.

In the latter case the novel feature is thus that a pressure gauge, an air supply block
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A satisfactory opening pressure does, however, not

inply that the valve 1 is accept able. The valve 1 is
wmedosaseept ed until all tests have been perf or PFEIDK2004/000711

satisfactorily. If sone of the perforned tests are not

conpleted with the expected,fesult, the crew onboard a

shi p has experience in disassenbling the valves and

cl eani ng/ adj usting.them After cleaning/adjus t al

end eleciopicsers &Pﬁ%&l%glm? Y9y i s gf(é@idqveéﬁgﬁg? is the func-

; | " r . 4.5 ed k ; -

GRS S g FERMTITIO, BepRBhity REGHPRRG with trad

tional estinpdf fel RiEGEsT position with a view to reset

ting. Resetting is necessary after each perforned

test. In addition to the nmeasuring equi pment shown in

N L N R i g
ﬁgﬂgfé%dre,n%idﬁeﬁ%’dfduﬁlg' VR LRERL corfRBliSH WiihOthe barthfefon test. It
result the user need not purchase an entirely new

meeys still g apmppedne tahsfar phis tpregguteh® thewdlvg dcbiibat the moment
val ves into operation. The electronic unit shown.in

myhgn the idgvics dReds HiP Presibe AEPR WE105RIEUE By ONBRCH e with the ini-
_ . . , ¢ . ¢ ‘ '
SRLop bk 323he FRAS VAL ST BB (BETAMBDbA AR, IR, air supply is
Ut bFENd the B ibabkrted. dheothsr Woeds, tierauditietdal carburetion test need
Furthernore a pressure gauge is inserted in the pipe

ot be oppiedionty oi | . The pressure gauge performs a

conti nuous sanpling of the oil pressure, but only

shows the pressure on a display at the nonent when a
pressure drop occurs. At the sane tine a signal is
transmtted to a nagnetic valve inserted in the

conpressed air pipe to the oil punp, said signa

ensuring that the conpressed air supply to the oi

punp is cut off. In the latter case the novel feature

is thus that a pressure gauge, an air supply bl ock?7

and el ectronics are conbined into a uni que product.

The novel feature is the func



tionality of "pressure gauge air supply bl ock
el ectronics” in connection with tradi tional testing

w@boos0ss23val ves. As for traditional devices itPeppke@a/000711
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that they are still able to generate the high inter
nal pressure, which previous]y was used in connection
wWth the carburetion test. 19 may still be attenpted

to transfer this pressure to the valve 1, but at the

t when the device records the pressure drop which
occurs in connection with the ini tial opening of the
slide valve of the valve 1 (the rattling begins), the
ai I BRI forStegtthg of Valad ptdferabBsh ¢ompdiafivedd.lalge fuel injection
ot her words, the %raditional carburetion test need not
velved(il) farch compazativety largpididsolerigine, thyssupplying pressusised oil to the

preferablly a co ratively | ar fue] injecti val ve

Pt S SRV, B SR el R g YA e ot
: . 1o . e ¢ - .

SHTL M R ERE RS g e L S RIpr re nrese i

ieldcaronftatle nasraehutarly mtsrnpieahstethe whomhentbehery theespenthedpressure of

characterised in that the pressuyre increase is

sheralve il kis exgeads et EssPPRAINS f@ Hreupreesyraon {heainigh sidg dropping, 2

when t he.openin ress f v )it - ~ g
SRrutrate Acrieaty BRGPRYIng tnd Of tBislfe biinf falet sjdg,being clec
SoEcaflly ARPinRAtarify GREPISES Qb tidk indiHER] WhbRRfBr B¢ sheRthg pressure
the oil pressure on the inlet side being elec- .
lis osedctal degideosieetherr the ynjeciiar valpe éditaprashat stato nesutitable for use in
whereafter the opening pressure is used to decide

¢HEPCt he injection valve in its present state is
suitable for use in the engine.



