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"',.'On an electncal 1nstnmlent" for the_ecaustlcal or optlcal detemination of
the inc1dence of knock.. ' v ,

A

no) sis. ' The apparatus descnbed in this reuort enables one to ascerta::.n

- the ‘knoeck condi tion of gasolme engines; it represents & development of ‘the:
errengement recommended in' the report No: 475 of. the Technische Priifgtand. -

: It allows, for example, of registering the knocking excluding underlymg noises..

Moreover it is controlled automatlcally, thus for aero-engines with increasing '
supercharge no readjustment of the amplzi‘ler m.ll be necessary.

o In concl.usmn the practi csl usefulneSs of the instrument is dexnonstreted
by some compari son curVes. iy . . , .

e

- “An Apparz‘.tus for the knock cond1t1on/ of ennmes th been o
',descnbed——rn—the—repent_l\lo——uﬁ of the Technlsche Priifstand. Its mgin

i) S bscrves basic
,drawback is that sparg from the ancklng, praper one alvey 0
noise depending .on the euglnc COndlt].Onu-, Thls basic nomse does not glve g good

,indicatign of the stete of the engine: tfor % longer series of measurements
hOWever, it is very troublesome. , This noise also increases with inereasing
supercharglng in the course of supercharge tests; therefore the kanocking
becomes less distinet then it would be at lower supercharging.. The purpose '
oi‘ this further development was the ellminetion of these drawbacks. .

: Introductlon

Pl

. We started from the. 1rn0n1edée gelned w1th the instrummt ‘alrendy in
e:clstence:,\,thst, &t the 1nc1dence of knock, the engine gives isolated sharp
knocks, wherees regular knocklng does not oceur. It is truwe thet the change
" from. the knock free to the knocking operation is rather sudden; there is however

—-a.transition stege during which knocking, if not yet very hard does, occur.and
v is of such @ nature thet the €ar would not have the usuél sensation of knocking. '
This transition, which is always quite rapid, makes it necessary to construct
en instrument on electrical principles which distinguishes the knock beats, " -~
. including those 1naud1ble to the human ear ut this trensltlon stage. T

.'Arrangement of the equ:.prgent

3

In the mein we kept to the overall arrengenent descnbed in the recport No.

475 of the Techni'sche Priifetand. A pick up which transfoms the knock impulses
trenami tted through the engine casing into electricel impulses, trensmits the
latter to o selective eltérnating current emplifier.  After the important .
impulses had been smplified_the knock conditlon of the engine was detsmlned
by observetmn of these impulses. 1 . -
B In plece of the elactromagnetlc pick-up wmch was used formerly, @
commercial- crystel pick-up was used, the mbratlons bcmg conmunicated to the
_latter by means of a short steel wireg. n

The cireuit dlegrem ‘or the amplifier used iss6wm in sheet 1  In front '
_or the first’ smplifying«stage therc is e high pass fllter, a condenser ghein .
of the first order. . 'In the flréft stage there is also & regulating valge AHL, and
‘resonance empl:.ﬁcat:.on is employed.  The range of frequency is from ebout
50@0 to 12000 Hers. . The second stege is en ordinery resistence emplificetion
stage by means of en AF’?. . The impulses amplified in the two stages are mow.
rectified. . Through the filter R,, Cos impulses areé deliveéred whose megnd tude
depends on the potentiels set up %y the plck up. The impulses are now emplified

/’s



and then led into the megetively charged grid of 2 gas dischargo valve,rso~
celled thyratron (S1/0.2). If the impulses reach e certein positive -

magnitude, “which is the ccse when kmocking' oceurs,.then. the discharge of
the condenser Cgg, which is in persllel with the valve, set ime. The " -
“thyratron is immediately extinguished, whereupon” the condenger:Cgg is
recherged through the resistence Kige ' The knocking thus gf'?es—_rrse'——to
_current impulses which msy be-employed in various weys, for .the indication
.'of knocking, .- Some methcds ere mentioned below. - T e o

" It has elresdy been mentioned in the introduction thet the basic noise
 increpses with greater supercherging. .~ This basic noise consists of -~ -
vibrations whose frequencies are neerly ecual tn. those of knocking end v
which arise as .e result of the explosion and which are feintly percveg‘bi,ble'-__‘

even when no knocking occurs. ~ -Any other vibretions ccused by other
" phenomene need not be considered; they may easily be eliminated by @ v
‘special cut-out .which is coupled with the engihe. At greater supercherging
‘the' thyratron rescts enrlier because of the growing basic noise.  -The -
“knock limit proper is not really determined. - To put this right one would -
‘heve to turn back the input regulztor to compensite for inereasing super-
charge. This control of the input voltege mey however also be echieved
by eutomatic means. - It is for this reason thdt there is one more j
_rectifying velve-in the circuit diagrem; which provides the regulating ,
-voltege for the velve AHL by ey of the filter Rjg Cig. As the incoming
emplitudes widen, the potentizl rpplied to the grid o% ‘the first valve
is reduced so that the cutgoing smplitudes always remein of nearly the. same
“height. - Only sudden cad less frequent pulses nre not smonthed out by the
filter in consequence of the large. time constent of -the filter. These
‘pulses mey therefore be employed to control the thyratron. .

N

. Two rectifying velves ore used here for the rectificetion in order
%o heve increased adjustment while using the common AB 2 velve. - ‘The ‘
regule tion may be ce¥ried out by meens of the prtentiometer P 2 wi thout -

" directly eltering the height ~f the impulses. : ‘ R

. The curre'nt chenges csused by the discharge of condemser Cog may
then be made to - register the knocking eitner acoustically or opticellys
One mey ‘connect en emplifier with loud spes ker to the plug lebelled

- correspondingly.  Alternatively one mey use & pointer instrument, a :
glow lemp or one cen ccnnect & reley to the plug labelled "charge current".

 The reley may sctucte a bell, for exemple, which would sound at every

" knock.,  Further the apparétus ellows ons: Yo observe the’ regulated and
emplifi'ed vibrations by mesns of an oscilloscope or by connecting & .

. loud spesker one mey listen in to the knocking with the besic-noise. The
epparetus 1s provided with all the above connections so that as meny !
indicating methods as possible may be tested. S .

Testing the spparatus on the engine:

e

. . . .o IR . S
) According to the experimental results availeble so fer.the epperatus
described is well epplicable to both the BMW 132 single cylinder air

cooled engine 8nd the water cooled singlc cylinder engine IB 6001. In
perticuler comperison tests on the BMW 132 =re aveileble, ' Sheet 2 shows

the knock limit curves for & fuel, the incidence of knock having been

detected by ear and by the méthod described sbove. . The electrical )
- equipment was adjusted so that while working with the basic noise, coincidence
of the listening end the clectricdl method occurred at one point. The )
‘two. ecurves then coincide over practicslly the whole of their length. The
tests were then repeated without the basic noise., The voltage applied -

to the grid.of the thyretron wes adjusted so as to give & feir sensitivity.
_to the epperatus. . The knock limit curve determined in this way,'lié‘s v

‘sbout 1 atu. mean effective pressuro lower than the curve detemmined surelly.
About 1-3 knocks per minute are perceptible tc the humen ear at the knock



limit found thusWhlle generally 8 -10 audlble knocks denote the onset of
detonat:.on. The 1nstruments -thus registers. knocklng before the: humen’: -
vear can’ detect iti Naturally, by increasing the epplied. negatiVe potential
Jge_l_ngjizggnent mey be made’ less sensitive SO that agreement cen-be cbtained-
“between the two methodse. ‘This demonstrates the su bjectivity of the .
adjustment, which therei‘ore calls for, stendardisation. of either a fuel or.

a cond:.tion. “Since the curves ‘sbtained surelly agree mostly with the curvesv'
found elsewhere, they. were regarded as aithoritative for the present .-
_experments. - 0f the curves plotbed in’ sheet 3 the curve for the reference
fuel Br, 2345 was- determined first aurally. ' The electricel. knock deteetor
“was then adjusted to give the same curve when working without the-basic noise.
Without altering the adjustment another two fuels were run according o
the two methods. . It may. be scen from sheet 3 that the two methods,.give
‘the seme curves.. - 14 wes shown by these end other e:menments that for a: -
‘“larger series of mensurements and (partlcularly) ‘for a shorter series, it
wag sufficient to adjust .the: 1nstrum0nt at the beginning to agree with the

~ gural method ct one poxnt. All curves may then be Tun mthout any- further
~adjustment. v L . - i ,

TI% at111 remalns to be seen how well the 1nstrument behaves after use
over a long penod. f I'l: is beln{v, used for all current 1nvest1gatlons. v
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Sheet l‘ ‘Clrcult dlagram of “the: knock detector o ‘
. Sheet 2 Knock Limit curves according 0 the supercﬁarge method
Ehgine type BmW 152 N Compressmn ratlo 1 :6.5

Engine number i ~ Boost air temp. 120°C ..
. Ignition timing %00 ‘B.T.C.





