WO 2005/ 038239 PCT/ DK2004/000711 Title: Method of testin a fuel injection
val ve for a diesel engine Technical Field 5 The invention relates to a

nmet hod for testing a valve, especially a conparatively 1large fuel

i nj ection WRIZVEMIBI3%a conparatively |arge diesel engi ne RCEBIBHIYIHT r es-
surized test oil to the inlet side of the valve, by which nethod the oi
pressure on the inlet side gradually increases while being recorded. 10
Background Art MAN B & WDIESEL A/S has recently devel oped a new type of
fuel |nject|-- ,-=I : _ned . lee-fuel X%l---" ofqthe types K 90 MC-C and
K 80 MC-C, etc;—tt S Er - S YA et B S R TR A ] ‘valves conf er
Fig. 1, a v0|d in the val ve t|p 15 caIIed the 'sac volunme" or clearance

vol une has been elimnated, thereby prevent- ing an untinely injection of a
smal | voIunéﬁn&gﬁm@ﬁﬁﬁ@rresponding to the clearance volune (typically 1-2
en) . This has resulted in a reduced sooting of the diesel en- gine,
reduced snoke generation, |lower NO and VOC em ssions and not least im
proved f uel e,f i 4 I s
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correct. Theagpenehjateasule foay doipdrast€ndgge el etlig’:tﬂ@@ﬂ sdpplyi pres-
sl ackness in a. built-in spring in the valve. Furthernore t ventl ng

pressure is Séﬁé@d(@ﬁt aido she ok sidecafi tha valigt by Hﬁyc%lwwhé@rﬂrplé@w@@@n ﬂT¢1e
25 conventlo t for che f uel ves, including the opening
pressure, %@%ﬁ?%ﬁ?@?’é’%‘é P& e gﬂfﬁr}?&ﬁegbeézlob etion test operates in the
fol |l ow ng manner. Conpressed air (5-10 bar) is supplied to a pneumatic
punp, which converts the air pressure to a hydraulic oil pressure of

sever al HWundeeligteamnd Adtl tests are perforned

MAN B & W DIESEL A/S has recently developed a new type of fuel injection
valves named "slide fuel valves" of the types K 90 MC-C and X 80 MC-C, etc, con-
fer Fig. 2. Compared to conventional valves, confer Fig. 1, a void in the valve tip
15 called 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.
20
The fuel injection valve should be checked on a regular basis infer 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 fest" may also be carried out. The
25 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
30 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



by feeding pure test oil to the valve at specific pressures, whereby it is
possible to 30 test that the various parts of the valve function correctly.
At the opening pressure test the pressure in the valve is gradually

i ncreased WA BSBYi | t-in slide body in the WD 2005/ 0382397/DK2004/000711
PC779K2004/ 00071 2 valve is activated and the valve is opened briefly,
whereafter the pressure drops slightlyzand the slide body recloses until

t he pressure once again exceeds the open- ing pressure. In the carburetion
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t he conventional car uretlo are subjected to ‘unnec- sary

stress by benpg latdy lectiedohfer tHig. hahmhlveﬁﬁﬂhmatfeﬁsmgm5 to seNeuat] the con-
successive openings. The reason Wné: the valves with s|ide bodies_ break
when the carlisgien |b@HV€qne1§1@ instipprvalye By edreuy e exerdtit T C@ﬂvelﬁ@r@b&qﬁ ng
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t he nor nal Cﬂe@@@dﬁv@é ITheldevadaiztd @Whhﬁl’ilﬁl‘ch smiaé abay %rhepmée whemr Meadiethe
Q her things being equal, the outer face of the valve tip is hotter than

t he met al® i desig sidj M@Li/ttsthemednmm@ﬂ dabursiondbstendihey hrenednes:tehiat uitive-
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test (and/or a too thorough execution of the opening pressure test) is performed is

presumably that defects arise on the valves due to the differing physico-chemical

15 properties of the test oil and of the normal diesel oil. In addition hereto, metals ex-

pand when heated. Other things being equal, the outer face of the valve tip is hotter

than the metallic slide body situated inside the valve, which means that the friction

resistance therebetween is higher during testing than during normal operation,

20 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.

25 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

30 opening pressure is used to decide whether the injection angle in ils present state is

suitable for use in the engine.



can be used in connection wth the newy devel oped injection valves. 25 A
met hod of the above type is according to the invention characterised in
that the pressure increase is electronically nmonentarily interrupted when
t he openi yopoeswssmsure of the val ve i s exceeded, corresparti/ng2iveoddes
pressure on the inlet side drop- ping, a conpressed air supply for
providing the oil pressure on the inlet _side being nonentarily

el ectronically interrupted at that nonert, whereafter inter alia the 30
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W t hout causing damage thereo Brief Description of the Drawi ngs The

invention is explained in greater detail below with reference to the
acconpany- inhg drawings, in ich 15 Fig.. 1 shows a conventional fuel,

i nj ection VA T U et %%@eiellﬁwl dgfegﬁs 51 QRGWCCHAB BV Kethawiapapsing
devel oped fgg{nagglt%@éofporrpri sing a slide body for fill-

10
Brief Description of the Drawings
The invention is explained in greater detail below with reference to the accompany-
ing drawings, in which

15

Fig. 1 shows a conventional fuel injection valve with c¢learance volume,

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

20
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

25 conventional fuel injection valves,

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

in Fig. 4,

30 Fig. 6 illustrates how the equipment according to the invention operates, and



ing the clearance volume, 20 Fig. 3 shows equi pnent according to the
invention for testing the new fuel injection valves, Fig. 4 shows an
adapter unit to be arranged on conventional equipnent for testing 25
convent i orab Meral3sing ection valves, Fig. 5 is an el ectri cecirpgrmmafiit he
equi pnent shown in Fig. 3 and the adapter shown in Fig. 4, 30 Fig. 6
illustrates how the equi pnent according,to the invention operates, and WO
2005/ 038239 PCT/ D1<2004/ 000711 4 Fig. 2 illustrates conventional test

equi pnent o .wh' ch an adapter . unit accordin e invention is nmpunte
ast Nodes. Tibr ! SR BT IR 55 GAvPEInT 81 THE ChguigaNt SHOROIIEH Y. 3

for testing lﬁ@ﬁn%fq iHhe ﬁgﬁ%{egel injection valves 1 (confer Fig. 2), which
does not tolerate e| n jected to a manual opening pres- sure test and

t he above nentioned carburation test, includes an oil collection tank 2,

in which the tip of the injection valve is inserted. A hose 4 has been Ied
to the inl etBesbMadets)der eaevipgoubthednyvention yi ng pressurized test oil. The
hose 4 i thl ed froma neasur- ing device 6 i ncl udi ng a pneunatically

operat ed "hydraulic punp (oil punmp). Aclear and thin oil is used as test
oi I, said oifhenQfuiRRENIsRY i TRHS3 a5 {88 O bhe laﬁ"qﬂe St AR IAREAT vARRE gt' on
of a diesel engine. 15 Fig. 5is a flow chart of the neasuri'ng device 6. It
conpri ses a(pover FuEpl whgh Mﬂsamtltslesajpﬂvleu@suhjtchedrm asnwold agenagdres-

converts this mains voltage to a lo I t-
sure test and t(l)le a%gve mentlonec¥V ca;gmemon test, includes an oil collection tank 2,

in which the tip of the injection valve is inserted. A hose 4 has been led to the inlet
10 side of the valve for supplying pressurized test oil. The hose 4 is led from a measur-
ing device 6 including a pneurnatically operated hydraulic pump (oil pump). A clear
and thin oil is used as test oil, said oil not being as viscous as the oil used during

normal operation of a diesel engine.

15 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-

sciibed below.

20 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 cusrent of 4 - 20 mA depending on the pressure. The current
1s fed to a mA/V converter converting the current to a voltage level. The voltage
level is fransmitted to an A/D converter 12, which converts the voltage level to a

25  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 confrol 15 reads the maximum value of the peak value of
the voltage level at the moment when the voltage level begins to decrease and
30 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.



age of 5 VDC. The |low voltage is used to operate various units which wll
be de- scribed below. 20 Qutside the |arge box which is shown by neans of
dotted lines a pressure sensor 10 is provided reading the oil pressure on
the inl et wodeowisstdre i njection valve. The pres- sure sensor/DEfoenii’s1 a
current of 4 - 20 mA depending on the pressure. The current is fed to a
MAN converter converting the current to a voltage level. The voltage | evel
is transmtted to an A/ D converter \ﬁlmch converts the voltage | evel to

a 25 digital. val.ue to b edrn u e ital |sp
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17 converting t ue to a digital value be di splayed in a subsequent
digital di spidy hf&ﬁs % 9%@5?/ D5 ﬁcﬁ‘i@ﬂﬁéogﬁﬁ@@@?@ 0 Byegsuse eecr@Safl@ﬁ) ow

char, o1 4 P88 it B LIt S8 R0 AEAEL RO B

exceed 100 Hathe @BdtihidpepRipressifeR ofRel. Flovadveetiethe O iR HEGSUEYs bélow
subsequently further 1ncreased and the val ue of the gressure is sanpl ed.

| f the drop 400 prsseuihe aeodediocd 0ot Scdars sepected,véhiop egsuliy iofin eher.val ve
slide occurs as expected, and the valve is accepted, if the resulting
opening pressure is correct. However, if the drop in pressure is below 400

bar/ sec. thl%eoﬂﬁf'hﬂ@ @&%se%e @@@Era%é RREGWRJ, I?l}ﬁfgaghthé &M lhg ﬂr@ss%?e is

error. The test may f instance ta l'ace as fo Initia
vent i ng Yr essesserdds ie ﬂiﬁs peasue ed whieh hheﬂ:mx eaburia tht imfetiddn aalrveffbnﬂowabf/e
intheinjectron valve for flowof oil in the injection valve is closed.

The vent i ng Pk BsBECFE0oR Jplive s Fpsab e verbing Fragsiare s typically 30 bar, bu var-
les according to the valve type. In connection with this measurement, the pressure is

increased to an initial pressure of for instance 150 bar. The initial pressure merely
has to be considerably higher than the expected value of about 30 bar, The expected
15 value is stated in the technical manual for the valve 1. The pressure is then decreased
until a sudden pressure drop occurs corresponding to the opening of the reflux valve.
The pressure at which the pressure drop occurred is recorded and compared to the
desired value of about 30 bar, At a substantial deviation, th-e valve cannot be used,
until it has been cleaned/repaired.
20
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
25 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
30 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



ies according to the valve type. In connection with this measurenent, the
pressure is increased to an initial pressure of for instance 150 bar. The
initial pressure nmerely has to be considerably higher than the expected
val ue of aWouwwoBGsKEr. The expected 15 value is stated inedhpxki@ehwmizcal
manual for the valve 1. The pressure is then decreased until a sudden
pressure drop occurs corresponding to t opening of the reflux valve. The
pressure at which the pressure drop occurred is recorded and conpared to

the desired val of, about 30 bar. At subst anti al i.ation, the valve
cannot be. usaaadtiane) SRESETHBE e es S RELET rea SO BRI ke 5 1
pressure is J}ﬁ& S e ) ' I eCtA QN V& t
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hypot het i cal equé@aent Alagp hiowet &, :lsonbt aned it henexpdat edihopdrl nglyesehsurtiei s
mentioned in the tecluri- cal manual for the_valve, Tests by neans of the
test equi pmeYilvesenomdsddY Ollwetpiges pyiapionally be adivsieddy mpans afifescrew.

gui del i nes stat ed in the technical manual fromthe valve supplier. A clear
thin oil s used for neasuring the opening pressure and for check- ing the
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sure until it drops. e pressure at whi ch t he drop occurred is recorded as
t he open- i ny spligfssiore opéifing peesopgrdasy, reswsur woti isnpipthat dhé sélactloisyaccedte

valve is to justed, or 30 renoyated... Usually. a deviation inplies that
Uhat the opdiing Hreltud & 1 AT ORI Hhiets it b2re B ROt
spring in the injection val ve has becone too slack, and WO 2005/ 038239
PCT/ DK2004/ 000711 6 an additional spacer nmay for instance be inserted in

MAN B&W KO vdl gsemesd ths pedformnedmstsateidt kengileed vatlhie aleviedsuppt, ithe srdvave
ot her ways of _adjustnent. The _equipnent may, however, also be used in
connecti on WPR2isk ASHIR ARy 85PerfRse tiRglisassembling the valves and cleaning/adjusting

them. After cleaning/adjustment all tests are performed again. If problems still arise,

the valve has to be renovated in a certified repair shop or discarded.

15  After each test the device is set to a so-called RESET position with a view to reset-

ting. Resetting is necessary after each performed test.

In addition to the measuring equipment shown in Fig. 3, the applicant has developed
a separate electronic adapter unit, which can be mounted on the conventional meas-

20 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

25 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.

30

In the latter case the novel feature is thus that a pressure gauge, an air supply block



val ves from B&W O her val ves may optionally be adjusted by neans of a
screw. 5 |If the opening pressure is not satisfactory, the valve 1 is to be
adj usted or renovated. A satisfactory opening pressure does, however, not
i nply thatwoheismske 1 is accept- able. The valve 1 is naiClaekspt/ed7unti |
all tests have been perfornmed satisfactorily. 10 If sone of the perforned
tests are not conpleted with the expectgd result, the crew onboard a ship
has experience in dlsassenbllng t he val ves and cleanlng/adjustlng t hem
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per f or med tqﬁimlkﬁuﬁgdrﬁu@nah@sthe measuring equi pnent shown in Fig. 3, the

applicant has devel oped a separate electronic adapter unit, which can be
nount ed on the conventi onal neas- 20 uring equipnent, confer Fig. 7. As a
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that the conpressed air supply to the oil punp is cut off. 30 In the latter
case the nowélbeeatigdetits thus that a pressure gauge, an air supply bl ock



WD 2005/ 038239 PCT/ DK2004/ 000711 7 and el ectronics are conbined into a

uni que product. The novel feature is the func- tionality of "pressure gauge
air supply block electronics” in connecgion with tradi- tional testing of
fuel valves. 5 As for traditional devices it applies that they are stil
able to generate the high inter- nal pressure, which previously was used in
connect iQiimith the carburetion test. It may still be attenpted to
transfer this pressure to the valve 1, but at the nonent when the device
records the pressure drop which occurs in connection with the ini- tial
opening of the slide valve of the valve | (the rattling begins), the air
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which 5 nethod the oil pressure on the inlet side gradually increases
whi | & benathodelher b aresshite g6t &ei iskad side oheduallyenpraasegrwhilenbergseecosded,
el ectronically nonentarily interrupted at the nonent when the opening
pr essur ehdratterisexd iretlidt)the pregsredeciease ds elesponitiailg niamehiarify iessanmedn
the inlet side dropping, a conpressed air supply for providing the oil

pressur extotthd hondrett wiiclhe thei RpepirRpipreBbGRl lof merepaRe (¥) 19 eRégsdamt ed

at that nonent, whereafter the opening pressure is used to decide whether

the i nj e&hiddPok@dingBoithe iprSsdiirE SR theThRt SideSdrdPbiP h&dribredsEa it dUppIFRY! ne-
providing the oil pressure on the inlet side being electronically momentarily

10 interrupted at that moment, whereafter the opening pressure is used to decide

whether the injection valve in its present state is suitable for use in the engine.



