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HIS report gives a semitechnical description

% of the mechanical circuit of the bouncing

pin and a description of the electronic circuit in-
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The aim of the development was to produce
an instrument which would retain the desirable
features of the bouncing pin but which would
eliminate the uncertainty in the adjustment or
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plicated mechanical structure.

_Tables and graphs are presenied which give
a comparison between this electronic instrument
and the bouncing pin in regard to stability,
sensitivity, speed, rating reproducibility, guide
curve deviation and ratings.
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An Electronic Detonation Meter
For Motor-Fuel Antiknock Rating

by D. B. deBoisblanc* and H. M. Trimble*

1. Iniroduction

THE knocking characteristic of a
fuel may be determined in the
laboratory by comparing its tendency
to knock in an engine under certain
conditions to the tendency of a spe-
cific mixture of pure isooctane (2,2,4-
trimethyl pentane) and pure normal
heptane under the same conditions.
These tests are generally made in a
single-cylinder, variable-compression
engine. Two laboratory procedures
have been developed which are wide-
ly used to determine the octane rat-
ings of motor fuels, the A.S. T.M. mo-
tor and the C.R.C. research methods.
An integral part of both of these
methods is the mechanical device
known as the bouncing pin.' A.S.T.M.
first proposed a method for compar-
ing the knocking characteristics of
fuels in 19322 This first method was
similar to the present research meth-
od, but the following year it was
changed to A.S.T.M. motor method.”
Both of these methods incorporated
the bouncing pin in a form still per-
mitted by the present A.S.T.M. mo-
tor method. While refinements have
been made in the instrument since
that time, all changes have been sub-
jected to the criterion that no effect
on the octane number values was pro-
duced. Billions of gallons of gasoline
have been produced whose antiknock
quality has been controlled by the
ASTM. motor method employing
the bouncing pin, and thousands of
man hours have been devoted to the
problem of correlation of laboratory
results and performance of the fuels
in automobiles on the road.

For a number of years the research
department of the Phillips Petroleum
Co. has been studying the general
problem of detonation detection in in-
ternal-combustion engines. It is the
purpose of this article to describe an
instrument which has been devel-
oped as a substitute for the bouncing
pin in the A.S.T.M. and C.R.C. re-
search test methods. It has long been
the desire of those engaged in the
testing of motor fuels to eliminate
one of the principal causes of lost
time in these methods, that is, the
uncertainty in the performance of
the bouncing pin.** Consequently, the
aim of this development has been to
produce a dependable detonation me-
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ter to eliminate a source of trouble.
The instrument about to be described
shows promise of being a useful ad-
dition to knock testing. At the pres-
ent time a number of laboratories are
engaged in a program set up to eval-
uate the performance characteristics
of this meter. Since the results of
this work will not be generally avail-
able for some time, only the data
which have been obtained in our own
laboratory will be reported here.

It should be remarked that when
properly adjusted the bouncing pin
has some very desirable features. The
stability is very good and yet the
time of response is less than the en-
gine equilibrium time. The ability of
the pin to repeat its ratings on a giv-
en engine is extremely good. Any in-
strument to displace the bouncing
pin should certainly retain as many
of the desirable features as possible.
Consequently, the goal set was the
design of a detonation meter which
compared favorably with the bounc-
ing pin on the following points: Sta-
bility, sensitivity to small differences
in fuel quality, rating reproducibility,
and time of response to changes in
knock intensity. In addition it was
felt that the instrument should be
simple from an electrical viewpoint,
that it should be rugged in construc-
tion, that the ratings should match
the bouncing pin within the experi-
mental limits of the test methods,
and that little extra training for an
operator already familiar with the
test procedures should be necessary.

2. Development of an Electrical
Analog of the Bouncing Pin

Since the foregoing specifications
essentially called for an electrical
analog of the bouncing pin, it was
necessary to make a theoretical study
of the latter. The electrical and me-
chanical behavior of the pin was
studied, with the result that it was
possible to derive an equivalent elec-
trical network which embodied all
the main operational features of the
mechanical counterpart. For the pur-
poses of this discussion the simpli-
fied mechanical layout shown in Fig.
1 represents the bouncing pin quite
well. This assembly consists of a rod,
or pin, (p) with vertical freedom only,
normally in contact with an ideal
diaphragm (d), the other side of
which is acted upon by the gases of

the cylinder. A cantilever spring (Ss)
acts downward on (p).

Attached to the member (S;) is an
electrical contact. A second pair of
springs (S:. and S.) are balanced
against each other. An electrical con-
tact is also attached to S.. The opera-
tion is briefly as follows:

When the pin is given a certain
minimum velocity upward, it leaves
the diaphragm and rises until the gap
(g) is closed. When g is closed, a
pulse of current is sent to the indi-
cating apparatus. All pulses are of
the same amplitude, but vary in dura-
tion according to the length of time
the gap remains closed each engine
cycle. These pulses are averaged with
respect to time and indicated on a
panel meter. The average length of
time the gap is closed is related to
the rate of change of pressure in the
cylinder. It should be noted that it
is not necessary to consider the dia-
phragm behavior since by specifying
that a certain rate of change of pres-
sure causes a certain velocity of the
pin at the time the pin leaves the
diaphragm, only the effect of the
spring and gap assembly need be con-
sidered. Of course, the diaphragm
does affect the response of the en-
tire system and in the quantitative
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Fig. 1—Approximate representation of bounc-
ing pin

analysis it was necessary to consider
this. It was found that the diaphragm
affects only the functional relation
between the rate of change of pres-
sure in the cylinder and the velocity
of the pin at the instant of gap
closure. We need not assume here
that the rate of change of pressure is



TABLE 1—A.S.T.M. (MOTOR) KNOCK TEST RESULTS USING THE STANDARD BOUNC-
ING PIN AND PHILLIPS DETONATION METER :

Fuel number and octane number and deviation from A.S.T.M. (Motor) guide curve

Standard bounc- Phillips detonation

ing pin meter
& T N
Guide Guide
Rating curve Rating curve
(octane deviation (octane deviation
Composition— No.) (in.) No.) (in.)
1. 49.19%, C.P. Benzene -+ 50.9% n-Heptane ........... 42.8 .007 424 .008
2:7C=13 =k 2.00mICPREE/Agal. 1t hh o d Bash womphs ot w 83.8 .008 84.2 .011
3. 0% X-3 + 30% M-4 ........... FUAT LR T e e 73.6 .008 73.5 .003
4. 50% X-3 + 50% M-4 + 3.0 ml: TEL/gal. ........... 75.6 .006 76.2 .006
D41 00 T w0 mon 5, 00 0 Mo Al P g BRE A N SRk e e e 90.0 .002 89.7 014
6. 68.4% C.P. Benzene + 31.6% C-13 .................. 86.1 .007 85.6 .008
7. 50% X-3 + 35% F-6 + 15% C-13 + 3.0 ml. TEL/gal. 94.2 014 96.0 .004
8. 50% X-4 + 35% F-6 4+ 15% C-13 + 3.0 ml. TEL/gal. 96.3 .005 96.4 040
(1 =1 G £ 5o Tohe 7 e MR RN INE Se- = SS ) S~ ST NI Gl 73.1 .006 73.0 002 A36
40}l =1 R HNES o Toh 1] 1 o S ra e TWE LY 1m0 ol S sl M SR Tl ey 734 003 73.0 007 A42
11. Competitive motor fuel blend No. 1 .............. 74.3 .002 74.2 005 A32
12. Competitive motor fuel blend No. 2 .............. 74.2 .001 74.0 .006 A34
13. Competitive motor fuel blend No. 3 .............. 7.9 .016 7.9 .010 A41
14. Competitive motor fuel blend No. 4 .............. 734 003 73.3 010 A44

linearly related to the length of time
the gap remains closed, but simply
that some unique relation exists be-
tween these quantities.

In the analogous electrical system
shown in Fig. 2 there are three am-
plifiers, A, B and C. An electromag-
netic pickup in the cylinder converts
pressure variations into voltages
which are introduced into the instru-
ment. A corresponds to the spring S;
and determines the sensitivity since
by varying the downward tension of
S;, a given rate of change of pres-
sure will cause more or less deflec-
tion of the meter if everything else
remains fixed; whereas a change in
the gain of the amplifier A will have
the same effect on the electronic sys-
tem. B corresponds to the gap in that
a definite minimum voltage is re-
quired to cause any output from B,
just as a definite velocity must be
attained by the pin before it will
close the gap. The amplifier C cor-
responds to the upper spring assem-
bly S:. and S.. In this instrument C
determines what a given output from
the threshold shall read on the vac-

uum tube voltmeter D, just as S; and
S: influence for a given S; setting the
length of time the gap shall remain
closed for a particular rate of change
of pressure in the cylinder. The ef-
fect of the diaphragm on the bounc-
ing pin is taken care of in the elec-
tronic instrument if the frequency
response of the amplifier A is made
to match that of the bouncing pin
since this determines how the rate of
change of pressure is related to the
meter reading for a given setting of
the instrument controls. The inte-
grating time constants have been
made to duplicate the response of
the electrical circuit of the bouncing
pin. The same Weston meter that is
normally used in the A.S.T.M. meth-
od is employed by this instrument.
The only operating controls which
must be provided are the gain con-
trols on amplifiers A and C. These
two adjust-

ments allow To

3. Principles Governing Adjusimentis
of Electronic Detonation Meter

In both of the test methods men-
tioned previously, a fuel is rated by
operating the engine with this fuel
at the compression ratio which will
give a meter reading near mid-scale
at the fuel-air ratio at which maxi-
mum knock intensity occurs. Then a
pair of reference fuels whose rat-
ings are defined or known are se-
lected which will, at the same com-
pression ratio, give meter readings
which bracket the unknown fuel
reading. The fuel-air ratios of the ref-
erence blends are also adjusted for
maximum knock intensity. The rat-
ing is determined from the three
readings by linear interpolation. The
difference between the reference fuel
knock meter readings is called the
spread and is one of the quantities
which must be variable in order to
meet the requirements of the test
methods.

The means by which the spread
variation is accomplished in this in-
strument may be shown by again re-
ferring to Fig. 2. The pickup in the
engine puts out a voltage which is
proportional to the rate of change of
pressure in the cylinder, this voltage
is amplified by the amplifier A to a
higher level. The threshold amplifier
B has the property that it simply sub-
tracts a certain voltage from the out-
put.of A and passes it on to C for
further amplification.

Let a = amplification constant of A
(Fig. 2)
b = the voltage subtracted by
the threshold amplifier B
¢ = amplification constant of C

the operator to pickup
standardize the
instrument on

cylinder A

In engine<| Amplifier

Threshold Amplifier
Amplifier (o
B

the engine.

" TABLE 2—STABILITY-SENSITIVITY TESTS USING PHILLIPS

DETONATION METER AND STANDARD BOUNCING PIN

Bouncing pin knockmeter readings
B

Octane - N
No. of ——Run number———
blend 1 2 3 4 5 Avg. Stability
[ R S 60 58 54 57 57 57.2 1.44
60 58 54 57 57 57.2 1.44
60 58 55 57 57 57.4 1.28
65 i e o 50 50 51 51 51 50.6 0.48
50.« BO-x 01 81 Bl 50.6' 0.48
50 50 50 51 51 50.4 0.48
66 vy Y H e 4 44 45 4 4 4.4 0.48
44 44 46 44 45 44.6 0.72
45 45 46 44 45 45.0 0.40
0.80 av.
Computed Oct. No. 653 652 652 649 65.0 65.1

(Sensitivity: 6.3 divisions per octane number)

Knockmeter Readings (Phillips Detonation Meter)

B4 sl Skt B 61 61 61 61 61
61 62 61 61 61

61 61 60 61 62

(515} 45, e d . By 56 56 57 57 56
56 56 57 57 56

; 56 56 57 56 56

667 %1 e 51 52 52 52 52
51 51 52 52 52

51 51 52 52 52

Computed Oct. No. 65.0 65.1 64.8 65.0 65.1

(Sensitivity: 4.7 divisions per octane number)

61.0 0.00
61.2 0.32
61.0 0.40
56.4 0.48
56.4 0.48
56.2 0.32
51.8 0.32
51.6 0.48
51.6 0.48
0.36 av.
65.0

Vacuum tube
Voltmeter
D

Fig. 2—Block diagram of Phillips electronic detonation meter for

motor-fuel rating

Fig. 4—Phillips’ electronic detonation meter




hy;, h: = the voltage output from the

pickup for. two different
knock intensities, h: being
the larger
D,, D, = meter deflections caused by
hy, h,
k = constant of the vacuum tube
voltmeter

D;=(ah.—Db)ck
D. = (ah.—Db)ck

The ratio of the meter deflections is

D1 (ah1 —_ b) ck ah.—Db

D. (ahz b) ck ah.—Db

As the denominator becomes smaller,
the ratio becomes larger. At a glance
one can see that when a and b are
chosen so that (ah.—b) becomes zero
the ratio becomes infinite. What this
means is that ah. is just below the
threshold of B and therefore does not
come through, so that D, is zero. Since
h, is larger than h., ah. will pass
through B and may be made to read
any value on the meter by a choice
of a suitable value for c. Thus the
difference between D, and D. could
be made to cover the entire scale if
desired. In practice the spread is
made as large as possible as long as
the meter is stable and the spread lim-
its prescribed by the methods are
not exceeded. In the electronic in-
strument the adjustments are the con-
trols which vary a and c so that the
above conditions can be met. Their
manipulation is so simple that the
average operator can learn to make
all necessary adjustments in one day.
In the accompanying photograph of
the instrument the Lknob marked
“Sensitivity” varies the gain of A
and the knob marked “spread” varies
the gain of C.

4. Laboraiory Test Resulis

In Tables 1, 2 and 3 the perform-
ance of the instrument is compared
with that of the bouncing pin. Table
1 is a tabulation of octane ratings of

TABLE 3—A.S.T.M. (MOTOR)
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Fig. 3—Guide-curve determinations with Phillips meter and bouncing pin set on A.S.T.M.
guide curve at 65 octane number

a group of motor fuels selected to
cover the entire range of the A.S.T.M.
test method. Both bouncing pin and
electronic detonation meter ratings
are shown.

Table 2 is a stability test based on
that described in the- 1946 C.R.C.
Handbook, pages 75 and 76. A group
of three fuels differing in rating by
one octane number steps are placed
in the three carburetors. The engine
is operated on the lowest octane num-
ber fuel first. At the end of 2 min-
utes a meter reading is‘taken, 10 sec-
onds later another reading is record-
ed, and then a third. These three
readings are tabulated. The next high-
er fuel is switched in and the same
sequence repeated. Finally the same
thing is done using the third fuel.
The whole process is repeated five
times, giving 45 readings. From these

KNOCK TESTS RESULTS OBTAINED ON SEVERAL

ENGINES USING THE STANDARD BOUNCING PIN AND PHILLIPS
DETONATION METER

A.S.T.M. (Motor) octane number
A

Standard bouncing pin

N\
Phillips detonation meter
A

£ g% i
Fuel number and Engine Engine Engine Engine Engine Engine
composition— No.1 No.2 No.3 Avg. No.1l No.2 No.3 Avg.
1. 68.4% C.P. benzene + 31.6% C-13 86.3 86.3 86.3 84.7 85.3 84.6
86.3 86.8 86.7 e 85.3 84.6
85.3
86.4 85.0
2 CYClONEXANE. ;2. Tyt s 4o ssfoied 5o 77.8 77.1 77.9 76.2 76.2 76.0
77.5 77.3 78.0 76.1 76.2
76.5 75.7
7.6 A oo 76.1
3. Motor fuel blend containing
3:0 :iml. PEL/gal. . o0k b 77.6 7.8 78.6 78.2 7.8 77.8
78.1 77.8 78.6 78.1
78.3
78.1 78.0
43N0 % 224 AN MIZ4 L e o o b 74.3 74.2 74.2 744 74.1 W
4.4 73.8 3.9
74.2
Aoy 74.3 74.1
3. Competitive motor fuel blend
NO & 2 o 74.2 74.1 o 73.8 74.2 s
4.2 74.0

the middle fuel is rated five times,
using the averages of each group of
three readings and considering the
other fuels as reference fuels. By this
method an index of the stability is
obtained. In Table 3, ratings of a
group of fuels which were rated a
number of times on different engines
are tabulated to compare the repro-
ducibility of the two devices. In Fig.
3 is plotted the standard A.S.T.M.
guide curve. The guide curve ob-
tained with the Phillips detonation
meter is also plotted in this figure,
with the instrument set to cross the
standard curve at 65 octane number.
It can be seen that the possibility of
using this instrument over the entire
range of the A.S.T.M. method with
one standardization is definitely sug-
gested. It is at present customary to
standardize the bouncing pin near the
octane level of the fuels to be rated.
This multiple standardization is nec-
essary because every bouncing pin
will not follow the standard guide
curve from 40 to 100 octane number
without adjustment.

References

1. S.A.E. Transactions, Vol. 17, Part 1,
p. 126, 1922. “Methods of Measuring Deto-
nation in Engines,” by Thomas Midgely,
Jr., and T. A. Boyd.

2. AS.T.M. Report of Committee D-2 on
Petroleum Products and Methods of Test
Relating to Petroleum Products—1932, pp.
23-29 incl.

3. A.S.T.M. Standards on Petroleum Prod-
ucts and Lubricants September 1933, pp.
162-171 incl.

4. National Research Council of Canada—
Tests on the University of Alberta Bounc-
ing Pin for C.F.R. Engines, G. T. Perry,
p. 2.

5. A Major Fuel Testing Laboratory Prob-
lem—J. M. Snell. Appendix 1, Minutes of
the Joint Meeting of the Operation and
Maintenance Groups of the Divisions of
the Coordinating Fuel Research Commit-
tee, May 7, 1946.



