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1_‘ The Problem.,ﬂéffi”

; s g R SR -
: R\ The 1natrument meaaures ignit1on-del _and 50’ assesses therquality of.
fuela,_, ‘The’, 1gnitlon°delay can’ continually be' read off a’ pointer-instrumentf

'fcalibrated'in degrees crank anglea.;Ai1 _; e s : R

: Ignitlon dolay meura the space of tlme elapsinp—between rael 1nject10n T
[and start of combustlon. _ The time of 1njoctxon gan c‘aarly be determined
as the moment whan the: needle ofr the ‘nozzle. is: Iifted...  This: momentof
’1ngection can also "be determ1ned with good ascuracy by elmple oontact_- =
‘device.. On the other hand there are various. ‘poasibilities. by which to -
determine the’ start of combustxon. .They do not. necessarlly give: the sama
results but these differencen are’ 1rrelevant.», The presgsure. diagram will
in many cases revesl. qulte easzly the ;start of combuatlon for it shows a *~“
more or less marked break at -the: moment when: combustien beginu.. 'This fact
,may be used Lo control an' aLtomatlo 1ndlcator, it sultahle eng;na conditione‘
are laid- down fsr’ fuel tests to onforce a well-defingd t1me 'of the start of
. a 'steep incresne’ 1n preasure. --For a plckeup, “one uses as 8n adjustable
:iacceleration meter an improveu contact device describsd by Neumann* and
‘developed by hip to,a practical. Btageav ‘Instead of. using the course. OF e
-pressure, . anpthg;;;ndxcatzon~of ‘the- start, of—xgn1t1cﬁ'18‘the moment at whlch?
the fuel flames up.——4 photu=cell may'ibe used which' is oxposed to. the v
combustaon ‘flame through & quartz-winddw in-the- combustron chamber. Herﬁ :
e greater freedom is enjoyed as to ‘the choxoe .of engine cond:tlons whloh
;Tac1litates ac;cntlfxo 1nvest1gations.;_ On. .tha other hend long runs are
"generally‘not p0581b16 becauae of the danger that the quartzcwinaow gots
'aooty whlch makas chis arrangement leas sultable for more fuel tests.,j”

In order to mark the 1gnition delay the tlme lapee of theve two R
‘901nts ‘musy pow be . dotermined. . It is best to relnte the *ime of v
J1gn1t10n=delay 4o the time of ene«revolutaon “““““““ and """ so~to expréis i% in
' degrees of cr&nk=angies*" i L R : . , S

‘ 1naotion indlcavor accord1ng to Dr.«Ing. Neumann (Doctor of Engineerlng)
Makers:s Rhenania=0&sag, Hineralﬂéil Worksg A G., Banburg, Harburg planty
engine test«plantc



fual°xnjecﬁon starta (Picture 2) CAn elaotrical storag__deV1ce ta%ea rars

thet current"l, is kept constant and is not. influenced by the further motxons
—pf the- noz7le-p1nov: This will-last until: ‘the current is:cut out by the . .1:fg
: acceleratorvcontact which opens: at: the - start~of combus»zdnp or;: in, the casa

‘of ‘& photo=cell, /until the. circuit is.broken by & veltage-shock caused throuph g

~the quick inorease of‘lighteincens1ty at. the beginning of the. combust:on. :»"'"

“Thi's . ~happens ‘at the time of ty.at.the. -8mnd’ of the 1gn1t10nndelay.”7 The complete
*[prooess is repeated Guring the next workzng process. - We obtainia. rectangular

i—pauh of currenu~us showu by plcture 2 for the timc lapae or the. rotatlon-anglej
s N ____/\._/A\‘_

R

This current As- conducted to &’ Po:nter 1nstrument wn1ch indxcates the- ”“‘
: average (mgan} of the currenﬁ ioe..th : TR eans that the

';,<',;f‘f[ value s

~

: X (tg ~'t ;/ET urcl {t2 = t1) e in other words Just the de51red
time mt:w..?x Re are-therefore: able to calibrate the ignltion-delay directly

L in degree crank-ang?e. -If the 1nstrument hes'a. llnéar current scals, the 'f
1ndlcat10n«ih_degree crankwangle is linear” too and. for callbratlon i“ 187"
“Buﬂfiﬁient«to flnd out one: 001nt.v‘5b;f R e A S T A L S S

The working of the' controlling c1rcu1t.“"f'°'if 3f v3 vﬂf'jx‘affv¥““

1
.~ ‘ e

. P1cture L shows the ganeral lay-out for tha control of cu;rent 11*&..

mIt consists of '3 valves marked- ‘R1, Ry ond R3.V: ‘The twa valves Ri-and Ro.

_ introduca the controlling 1mpulce whtlst R3 supplzes tho curreﬁt for thsm
measuring 1ﬂotrumanta- ; L L p‘  '.v‘,;‘.

SR There is no’ current 1n valve R before the staro oﬂithe_lgnltion=delayu
This causes ‘thercfore. only %} small voltage decrease- in-the resistence R~
which originated through valve Ran .1t forms the norazl grid. pobentla of
‘this valve. Because of {Ho current: in Rp and its ancle resisieace. Ry the
“voltage becomes con81derab1y smaller at" point A-than the baLtery. .v-tsge,/and
no:the- grld of. R3 beoomes’ so strongly negat;ve that ‘a5 mentloned above ol
there 1u—no currenvwinfthe valveo v i :

G

, ;3‘:” . . , .
o An .elsborate, clr"ult dlarram Will be found ‘at tha end of t&vs paper
(Pls.ture 1) i : :




-, When the oontact on the nozzla-needle is aotuatod (at the begmnning of
* the injeotion) the zrid of Rz is hit by a nogative voltagc-ahook which is-
adjuSued n a way as to m&ke tho ourrent in the valve disappear oomplotoly.;

e Through thia, point A takes the’ sama voltage a8’ t&at of the battery.
B § thza ‘shifts the voltage _of._the- -grid. of Rz 80 LT 85 t0-cavse “the- real
‘value of the curnent (17) - regulated by the’ control E'= to flow into R
It is conalderably greater ‘than weg. the current in. R, and leads to s vo?tage
~ decrense- of Ry which blocks valve Rp pormanently.,,j _W“;MW

~~remains when the controlling imouise has gone.k 4#

, " When combustion—starts a~posit1ve voﬁfﬁgé“iﬁi‘lao~h1ts the.grid of valve
'Rl via the. pressure controlled contact or: via the. photo=eell and the -inter~ -
-connected amnlifier Ayn, ““Wh113t normally’ this valve at oarriee no current it
‘becomes now' for s -short. tlme penetrable and as a consequence there: is'a
-jvoltago decrease of Ry, wh1oh ‘blncks valve R5.”» 'This eliminates the high
A,voltage of Rk.'* Vhlvo Ro will now carry-the current and continues through‘"\

yhe instrument constantly.l;,-~u.

rangoment makea it poasible to start the circuit in tho 1nstrument’
bv 8 vo‘tageaimpulae from the nozzle«no,é«;lleo and by a eecond voltage-ahock.,r
VIZ?T'WhSD the_aombustion-stﬁrtss tho—cxrouat is- broken aga1n.”1~‘ ‘ g

T In order to get a smooth readlng from the 1natrument 1n Spite of tho -
“feot that the ‘current’ Ts. transmitted in: Jerka, e amoothing choke” oonaisting
. of a. r631stance and a’ caoaclty is 1ntroduoed into the circuit.,p" v .

The-accuracy of the reading.w;} }}

: - The accuraoy of the.meaourement pepends unon tho exactness mﬁth ﬂhzoh
. start’ and ‘finish of the ignition delay can be found, and also it: dapenda =-
upon;the*acouraoy of the pointer~instrument. - A’ dalay in measuring the exact
‘[instant ‘of inJection is undvoidable as there must be a certain 3lay of the,
* contact, end therefore the nozzle needie has already permitted s certain -
-opening when the contaot closes.‘ ‘This delay is. below 0.5° orank-angles-
'On the other. hand a oertazn nnnimum height. above the: ‘maximum value’ reached -
in the compression diagram is ‘needed to ‘cause the blookzng impulse, or, ia

“%the case-of the.photo=cell, a cortain minimun brlghtneas of the light falliﬂg
fon tha photo«cell.‘ao that ‘here too there is a. .small delay. - . '



o wBoth,.lnfluences cuﬁ—al each other»to'J large e,tent 50 thet'we determine
fthe time valuo of the ignition-delay within less than 005 crunk-anglo‘nf’th”w
true value. R

he relative accuracy depends upon varxatiOus Whlch may tave place_in
determ1n1ng the instant of injection and the start ‘of ‘combustion. It -
“.depends further’ upon the acouracy with’ whloh the real velue iy ‘of the RO :
finstrumént currept can-ba: regniated.-_ Thin. accuracy is ‘@bout ?1% Variatlonsi
Lmay’ occpr durlng the start of tha injection - by a contact.diatance each time
'regulated in.& dlfferent way, ~ But these: varietions remain eufTi’i@ntly
small when rcgulating skillfully.. JDurlng the beglnnlng ‘of combustion the o
var1at10ns depqnd essentrally_ggon the—difﬁerent pressures. which ocoﬂrh—--~
-;during the various working: processes‘ " But ~the po1nter~insﬁrument'was
“desigred with some. inertie end '~ givan an eve “run of the “engine -
g differences\ape ellmlnated to a large e.tent., ;Thzs means “that the amount
Cofn tho- vemainlng fluctuatzons no longer: depends upon ‘the. p01nter-1nstrument
- but on how evenly- the eng1ne can be {,“ on.the’ test: fuel° ‘_Under: favourable.
' clrcumatancas it is. aoss&ble to.keap axl . 'tt1on deluy constant. for ;‘v*fﬂ*' ,
~approx1mately a quarter of n hour to §20. At “or=instauce 1t wau~adjusted to
150 crankaangle. g%§'~ fjfffvfﬁ< S :

e

e Tn the case of the photo=cell there is ‘an’ ad‘ltlonal souroe of error.
hviz.g the cloud1ng of :the quartz-window.' Clouding of the w1ndow and g~
“gkower incredse of the. lipht-intensltv result in dglay of tﬁe quench-impulse.
For the 1nstrument needa*n certain minimnm inﬁ”ﬁsﬂty “of the light: which" falls
ypon the photo«cel1 in order ‘to releese ‘the coﬁtrol., So ‘the ignition. delay
“shown' is" too greato;_ By a switch-dev1ce ‘on the 1nstrument (one positlon. o
"Heasure“ = gne” posxtlonsd Npest® _we ‘oan. f1ndg however, if the value’ shown j?
~is: still w1th1n the perm1831ble limit of erroro . ?hsn awitchﬂrgsin the
dlfference of . the two vglues of the: ignltlon-delay whlgh ‘had: baendmensuzpd =
~.shou1d vemain: beTow zz1.50 crank~anule.v “The result of” the mensurement can -
be 1mproved within these. limits by subtradt1ng‘half of: the measured’diffcronce
Trom ui smaller value: (9051tion "Measurej) -The_roason for this is that =
""" when switching over “to “Test" - the amplifying effect behind the photo-cell
decréﬁsea Xton: certaln p01nt1—and~as we_.also may suppose the brlghtness of
“the llght to iucresse in an approximately 11near why until the: instrumenu ‘
is teleaoed thlshlcada_ps to: the rule rlven above. BRI



3. fThe instrmemt,

_ i on picture‘3 ;In 1ts centre 13 the poznter
]with‘a.scale up o 309 crank-angles.& +This has: alwnys been ‘Pound suff1oienf.”
“@n, the rlght i ‘the switch with the oositionsto,"Off" - "Ca11brate "ﬂeasure -
"On-the left there-ia_a . button which regulates  the . controls'~;“Mensure" - ?Taat’_
~mentioned above’ 'T(Hecaasary only vhen using the photo»cel‘) L L

3

’}f{ ~In the bottom-centre is the rdtary~SW1tch.' It sets the current 11 to o
.p definite vaiuo previousIy leed for-the purpose of ‘¢alibrating the iustrumen 3
Farthermore we sec-a% the ‘botton: right the socket Ml'and‘ﬁg_xhich connot. the—
- instrument with the" nozzle contact and the Neumann contact controlled by the
ipressure increase.'a;,v s B - S ; G :

Ch el T : ! SRR ‘ ‘ - . :
T In front of" the 1nstrument we seeon the left the photovcell in 1tn
“holder with the. cable conneotbd to its socket--» There iz also a quartze -

- window insertlon for the test fuel englne and a nozzle holuer with a contact
;heado-~ S el : . ' .

Plcture 4-showa a seet1on through the‘quartz-w1nd0W evciosed 1n

_,metal CBSIngu __Pictu:a—5 shows a sectlon through the contact hoad for-the -
'needle of the nozzle. e . AL : o

e R,

. P’cture 6 sbewn~tﬁé 1nnar structure of the pressure conirolled contact

' and at the same tlme we can see how 1t 15 fixed to the tost fuel engine.:;;.
Ths body H w1th the contact Kl is thrown off th“vmembrane when the steep

A increase in- the prossure&etarts;f‘ Mass ¥ tends to- remain at reat~becauae of 7

-;its 1nert1a so .that the. contsét opens’ as soonm as it £XCE04S a ceriain maxzmum

_value of acceleratlon adJustable through the tenalor—othhe qpring Fn; g

f 4, Tha ooeratlon of the instrument wzth the fuel test-engzne. '}?‘7,Q,jki'
o . - . . ( . : ‘ Ll . o .
(a) Preparinp tha 1natrument for uae.,'v; L

At first the valveo are put 1no The 1nstrument 13 taken out of 1ts
‘-*box dnd: the walvea are put into; thelr -sockets” ‘aoccording to thelr markingc.
- Then- the 1nstrunent isput baok 1nto/1ts box. It is. nov ready to be' g
;”connectedt It is flxed nenr the engine - shock-proo* if p0331b1e, i.e.,



‘mot.on'a_common’ foundation.” If

‘ _ dation.  If this is not possible it might bo susponded by
springs or'put on a’ rubber mat.  Now the. instrument is connected to a 220 Al
-8upply. ;' The mocket M, is connected to “the:oontact head on the nozzle by Theans
-of a varnished cable either direot, or’ if the enpino already has leads, we ==
.gomnneot torminal My to tHe plug-box. We slso commoct olugs My and My of €RIE
jb°x€~*iNPWEthéfdnginajswitohsafqldwelgmpﬁfg;ﬁipatrq@thésalzowq;ugﬁto,uae.the-'v
~mozele ocontect either for indicating-the start of Anjoction.on the fly wheel .
~glowslemp or for measuring the “ignition~delay. - Socket M is connested with the.
plug of-the Neumann contect; if this contact 1s used. . The earth at the rear of
‘the instrument 'is. connected to the ‘body ‘of ‘the engine. - The tumbler-switeh at
1ts side should 'bo.in position "S" 1f the FKFS nozzlé contact is used. . The
docket on the bottom right-hand side at the frontiis not normslly used.: We
_ant it only if we wish to connect g sathode osoillograph (cf.para.ded. S

b4 3 - -2 P RO
Lme

4b)  Adjusting the nozrle contact. e L

. The nozzle holder is usually supplied with its comtact-hesd » ploture § =
..and.a regulated injectionspressure. - In ease anothor holder is suoplied We must
cat first remove .the normal pin. on top of the needle and . replace it by the enger .

“'Pin. " Then oart "£7.of the contaét-hedd s sorewed on ts. the holder.” Nowwe.
- check the injection pressure and cbtain the right value by putting waghers in. = _

L After hanngfixé“dtheholder réndy For ﬁse,i-iyé ‘sorew 'y.'t:'h‘e_"kob';x’ita;st-heaﬁ PRt
- "W on {with the knurled. ring loosened), ' The-lead is ‘connected with the socket. ...

~Fow_the tumbler-switch én the dash-board of the ¢ngind 3s brought to the_position:s,

-"Glow=lamp™, <nd the contaoct-head 1§ sorewed down until: the ;indi"g}/o;{;‘orulamﬁf@AﬂxL--

~fly=-wheel light. up corstantly: ~Then we' screw the oou=7tt-koad slowly back . .

- until ‘the constant indication fades to.just o luminous bafd ‘showing the duration .

- of injection. . From this positioh we" go 8till farther back for one of two . '
-graduatibns;(conthct-distanééjof‘1/30r6r71/ho‘millimétieé)3and finally fix the

* contact-hesd by tightening the knurled rirg.

rirg. . This ends the adjustment of the '~
. contact. - It is ‘possible that the contact distarcs changes e bit in the beginning
. with new contacts which have.not been fully rum in. Then we must make another -
~adjustment-a 1ittle leter, in the sams:way as above. =75~ . T e

ff(69*éiinsérffaﬂaa?ffhe)quaftzéwihdoW*qﬁd*saséaﬁﬁion-of;tae~bhota§ce11;

C I i best to insert the .ciix&&ii#iridoﬁa—ftqr«%:hefen'g'iné_is l_h»_éé-téd up by

i r_u'nning;,'pr td exchange @t ‘before measurements are teken. The ‘window is put
- in one of the two 'bo‘rings”;&f.--th,ew cylin_d@# at an angle of 459 in an ‘oblique -

-~ position pointing downwards. . 1r ,ﬁmni‘ng;yqith_di;ect;inj,ec'bi-on--_which'i&;_gaualv



| B :

in.the case of fual tests, it ie juat bolow*the nozzle {in the roar of the
-engine, 8ag, ‘pieture 1Y In ‘order to fix the window We.use & frame attached
to the. photo-cell holder, in later patterna W8 use a quzckafhstaner - The .
phote=cell ond the: cable must’ be proteeted against shock,-and it is therefore
suspended by sprlngea But oare muat elso be tekern that the cable .does not
tounh the engine on- its way f£o the instruments . If it should be necessary to
supnort 1t It ahould be dons: by 8prings. We - should pratect it all ageinat.
‘bright light from the outside: (daylight etc. ). If necessary it should be - -
covered because a disturbing voltags might be produced whth wauld_raault in:.
faulty measurements‘ ‘m;v.; O g ,

(d).. AdJusting the “Neumnnn contacta

[ fv'

: f e work wlth the Neumann contact 1t m1ght happen that the,instrumen» ;
'goes beyond its full, poznver vange when.we switch over to “Measure" {ses

below) : Thls means that the tension of the: contact is- too great, so that’ it
doea not’ open;, In vhlS .case we decrease the . tens;on of spring F (picture 6)wj

1¥opening of the contact.‘. SR T g»,;.‘ _-: : Sl

-"' R . . e

(e) The measurement.~gﬂb": ”':‘?ﬂ”

Now the maln-swttch of the instrument is put lnto pg§itlon*=» "Qélibratzon 5
and we- reguYaue with the calibration rotating button in & way @R to have full
nvi“*er throﬂ .after waiting for approximately one minute to allow the 1nstrumen»r-
to Beat up.,‘ This  ends ca11brat10n.v Now we bring the main switch to pos:tion:’
"Measure™. | The Test switoh om our left must also be in posit1on “Measure"

(only when' measuring with the photo-oall) Thls makes the “instrument ready to
-operate. - When the tumbleroawitch on"the engine is put into the" poaitlon'~ '
'“Measurxng Instrument“ Our 1nstrument will show the ignltionwdelaya S

S

¥(f) Uso of the 1nstrument w1th oscillographs.'r

If'we connect a cathode oscillograph (wlth amuﬁlfler) between the ear*h

. socket and the.socket at the right-hand bOutom 6f “the. front plate, the cathods

oseillograph will show us a—currvnt diagram as given dn plcture 2. This gives
‘us. a-simple way 9 testing the working of ‘the instrument and the whole measuring
~‘device and to fiuu 1atlts, i€ any. Besngai the current taken'here, can beipub
into. the circuit of an indieator emplifier (see. f1g°8) ‘whenthe ignitzon»dény

w111 be shown in the prsssure diagram, see pzcture 9. The depressed section

.
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tbe RIRALS Tes‘c ie
°° :

Engine 0 contnot is put unon tho nozzle ha.der,
whi‘ch opena ‘when ,the’ nozzle ﬁxis “contact can be used with’ the '
‘instrument. when a contact~spring of normal tension is" inserted {Bosch mgneto
.make.and break for- motor-cycles "ZWB 9/5 2)s - 'The -amall, tmnbler uwttch 1n
the rear of‘ the instrument must bo put i’rom "S" to "0" :

Picture 10 shorurg a- section of ‘ehe oyltnderhead of fhe engine ,nhows
- auggestzon by the "I,.G." how to fix tha preseure contact and the quartz-‘
window. e , BRSNS : ~

If we' want to usc the instrument vd.th other eng:.nos, poaeibilitias o! e
fixing the Neumann l,contaot or thy. quartz-windcw have to be examined indsi et uully
The quartz-window should best be fixed in sueh a way that 8 greator partaor O
~the: :combustion chamber may be seen ~ ‘partioularly the. space- fun front of the -
.nozzle = mnd that the diameter of the outlet for the" light 1§ -0t tao smnlla
The window will become less- sooty if care boe taken that 1% reaches a |
‘sufficiently high temperature. goraequently it will be fixed Iwith littlo

whea'b-insula‘bian—an&—rporﬁoﬁ‘”ﬁi‘gjsaiiﬁ I possible, - F‘urthemoru. are.
‘8hould be taken not to, have too much o0&l Sprayed upon the light outlet, The
f‘rame for: thmwindow = a8 shown in pmture 10. ~ should- simniy be. a comnical -
copper or alumm:lum rmg into which tho wmdow ia anly lightly presaed.
fmete e gy
Picture lo.__Fundamental arrangeﬁenb of‘ the control. S

s ,'-'Rl' Rz, R ve.lvea, o T '
- Ry common”enoda reaistance of R and" R,
2 cathode reaietanco of Rp and R5. B -
,:m - measumg mstrumen’c,
V- ampli!‘ier
» A'«- 360 text - .

Headinga of diagram 1n olockwise dire_ct:on :-

Photo«oel preeaure-contac = .'nozz}ee_eontact .

&



»?_lpathiof jet )
@aquartzaglassjg
-metal odsing
t‘oute;,oase.kq;~><'"

7 contaot-head”
{0). 'krurled ring
{d)-. contact i S
c{e) " new. nozzlevholder head
- (£} spring - RTINS

,v;f(g)f~;elongated pzn.— e

Picture 6'-”~ Section through the oontact dev1ce acocrolng to Dr.~Ing.
Naumann built 1nto the FKFS fuel testing englneo P ’

:'f.H & COntaot case ’ J~ff;~f;K  . 1nsu1'ted contact
L;KQ-ﬂcontact oonnected with the mass’ﬁ - :
H = 1nert mass j;_,jiij;,o aux111ary spring

’fFiqéuhé:7;é'f Suspension of photOucell from the FKFS‘Tﬁe' teating
BRI - engxne.,,,*' A I e -






