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(54) Title: ADJUSTMENT OF INTERNAL COMBUSTION ENGINES

(57) Abstract

An internal combustion
has preset but adjustable ignition
timing coatrol (4) and/or preset
but adjustable fuel injection con-
trol (5). A microprocessor (1) is
programmed to adjust the con-
trols (4) and (5) so that the opera-
tor (e.g. driver of a vehicle incor-
porating the engine) can ‘tune’
the engine by pressing a start but-
ton (3) to energise the micropro-
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cessor. The latter illuminates a
lamp (6) instructing the driver to
depress the accelerator rapidly.
The microprocessor measures the
time taken to accelerate the en-
gine (under no load) from one
speed to another the speeds being
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measured by a tachometer (2).
This time is compared with a
stored value obtained when the
engine is in tune. If the time ex-
ceeds the stored value, the mic-
roprocessor makes an incremen-
tal adjustment to one of the con-
trols (4, 5) and signals the driver
by lamp (6) to repeat the test. If
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the result is worse, the adjustment is reversed and the test repeated, adjusting both controls (4, 5) until an optimum result is

obtained and indicated by a lamp (7).
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ADJUSTMENT OF INTERNAL COMBUSTION ENGINES

This invention relates to the adjustment or 'tuning' of
internal combustion engines.

It is well known that between services, the performance of
an internal combustion engine gradually deteriorates and that part
of this deterioration is due to what amounts to a 'drift' away from.
the optimum of one or more of the settings of engine controls for
example for ignition (or injection) timing and fuel-air mixture
strength (or fuel charge injected).

According to the present invention there is provided an
apparatus for adjustment of an internal combustion engine comprising
means foxr generating a performance signal representative of the
angular acceleration of thg engine in response to an acceleration
test, means for effecting adjustment of at least one engine control
and control means arranged in operation to carry out an adjustment
sequence comprising: initiating an acceleration test; comparing
the performance signal'with‘a predetermined value; and, if the
comparison indicates that the acceleration is less than the
predetermined value, carrying out the further Qteps of adjusting the
engine control in one sense, repeating the acceleration test and
comparing the performance signal with a stored value of the
performance signal previously measured to determine the sense for
further adjustment, and repeating the steps of adjustment, test and
comparison as necessary until the performance signal attains the predeter-
mined value or the adjustment sequence is terminated. Where more than
one control is to be adjusted, the sequence is carried out in respect
of each such control.

The invention will be further described, by way of example,
with reference to the accompanying drawings, in which:=-

Figure 1 is a block diagram of an adjustment apparatus
embodying the invention;

Figure 2 is a flow chart showing the sequence of operation of

the apparatus of Figure 1; and

Figures 3 and 4 are flow charts showing in moxe detail certain
of the steps shown in Figure 2. -

Referring to Figure 1, an adjustment apparatus for the
internal combustion engine of a vehicle is shown. A microprocessor

has input ports ccnnected to a tachometer 2, and start button 3.
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Output ports control ignition timing circuitry 4 and fuel injection
control 5. Although there is no reason why the apparatus should not
be employed to control systems using mechanical ignition and/or a
carburettor it is assumed that electronic ignition and fuel injection :

5 are employed and, indeed, the test arrangement déscribed here can be
particularly conveniently employed in cases where microprocessor fuel

injection is already employed (as described in our co-pending Inter-

natiqnalapplicationPCECBBZ/OOlgnglthough the apparatus could be used
as a remote service toél, it is assumed to be permanently installed in.

1o the vehicle:  the @icroprocessor may also serve for other engine and
vehicle management and control functions although these form no part of
the present invention and will not be described here. Further output
ports of the microprocessor‘drive indicator lamps 6,7,8 which serve
respectively to request the driver to depreés the throttle, to indicate

15 that the tune is complete, and to signal the necessity for a service.

The principle ofroperaticn of the apparatus is that, when, with
the enéine at working temperature and at tickover, it is instructed to
carry out a tuning procedure, it will firstly carry out a test to '
establish whether the performance of the engine meets a pre-set stand-

20 ard. It instructs the driver to open the throttle, and establishes the
compafative effiéiency of the engine by measuring the time taken to
accelerate the engine from tickover, or a somewhat higher speed, to a
predetermined point in the engine speed range as measured by the tacho- -
meter 2 - i.e., the time taken to overcome the inertia of the moving .

25 parts - thi& providing a measure of the acceleratioﬁ of the engine.
This is compared with a standard time previocusly established by the
engine manufacﬁure and stored in the microprocessor memory.

The first run will indicate whether the performance meets the
set standard, and, if so, the driver is‘informed "tune complete" and

30 no further action is taken. If the performaﬁce is below this limit,
the apparatus carries out further tests, making variations in ignition
timing and fuelling, to optimise these variables, as will be further
described below. If the test sequence fails to result in the expected ¢
performance, the driver is informed that a service is required, to

35 identify other adjustments or faults requiring attention.

The test sequence is indicated in Figure 2 as a flow chart.

It is assumed that it is entered at 10O frém a sequence including other

control functions carried out by the microprocessor. If (11) “"tune"
Snll
—
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mode has been selected, i.e. the start button 3 has been depressed, a
test sequence is commenced. ,The test can be carried out at any time,
although. in a preferred arrangement the apparatus can be arranged to
provide visual warning to the driver that tuning is due, when a
predetermined time (in texms of so many miles or engine revolutions)

has elapsed since the last adjustment.

A test (12) is then initiated, as detailed in Figure 3. The
light 6 is illuminated (20) to instruct the driver to open the throttle,
and a wait sequence 21 is entered until the engine speed as measured by
the tachometer is rising, and (22) reaches 2000 r.p.m. The time (T) is
then measured (23) for the speed to reach 5000, and T is stored (24).

To protect the engine, a check 25 is made for an engine speed greater
ﬁhap say 6000 r.p.m. and if this occurs, the ignition is cut (26) until
the speed falls below this figure. This check continues until (27)

the throttle angle is less than 10° - i.e. the driver has released the
throttle. The ignition is then reinstated (28).

Returning again to Figﬁre 2, the time Tl for the first test is
compared (13) with the reference time TN {times fqr successive tests

are designated (Tl,T veesT o....etc). If the time is less than or

:
equ;l to the referenie, the "tune complete" indicator 7 is illuminated
(14). Otherwise an adjustment sequence 15 is entered, following
which it is checked whether (16) the Eime is now less than or equal to
the standard TN’ whereupon the sequence is terminated: otherwise the
adjust sequence is repeated, unless (17) the number of tests has
exceeded a predetermined maximum. In this case the tune is abandoned,
as it is assumed that there is a mechanical fault, and the driver is

instructed, by illuminating (18) the warning light 8, that a service

_ is required.

One possible adjustment sequence 14 is shown in Figure 4.
First (30) the increment Q for the ignition timing IN is set to a
desired value (e.qg. 20), and added (31): a test count (x) is
incremented (32). The test is then run (33) to establish ﬁhe time
(TX) for “the new setting (the test sequence being as in Figure 3).
The time is then compared (34) with the previous time, to see if an
improvement has occurred. If it has, or there is no change, the
sequence is repeated (35) to advance the ‘ignition timing further,
until a deterioration in performance is noted, whereupon the sequence

is repeated with Q negative, to retard the ignition timing until again
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a deterioration is noted. As this implies that the ignition has
been retarded too far, it is advancédagain(36), to the optimum.-
Thus the apparatus searches on both sides of the existing ignition
timing setting, to find a minimum in Tx' The test of Q (37) serves
to identify the end of the second run round the loop.

The timing having been adjusted, an . increment R for the fuel
setting FN is set and, x reset to 1 (38), and a further test (39)
carried out; an adjustment sequence for the fuel setting, identical
to that for the ignition timing, is then followed.

The apparatus could also be arranged to display the figures
measured, as acceleration times, or converted to an efficiency or
horsepower figure, plus the actual ignition and fuel settings.

These could be displayed digitallf, ana in the case of an external

unit a printed record could also be made available.

®
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CLAIMS:
1. Apparatus for adjustment of an internal combustion engine

comprLSLng means for generating a performance signal representative
of the angular acceleratlon of the engine in response to an
acceleratlon test, means for effecting adjustment of at least one
engine control and control means arranged in operation to carry
out an adjustment sequence comprising : initiating an
acceleration test; comparing the performance signal with a
predetermined value; and, if the comparison.indicates that the
acceleration is. less than the predetrmined:value, carrying out
the further steps of adjusting the engien control in one sense,
repeating the acceleration test and comparing the performance
signal with a stored value of the perforhance signal previously
measured to determine the sense for further adjustment, and
repeating the éteps of adjustmenﬁ, test and comparison as

necessary until the performance signal attains the predetermined

' yalue or the adjustment sequence is terminated.

2. Apparatus according to claim 1, wherein the control means
includes a device for instructing an operator of a power output
control of the engine to abruptly accelerate the engine each time

a test step is to be performed.

3. Apparatus according to claim 1, wherein the adjustment
effecting means serve to adjust ignition timing means of the

engine.

4, Apparatus'according to claim 1, wherein the adjustment

effecting means serve to adjust fuel delivery rate.

5. " Apparatus according to claim 1, wherein the adjustment

~

effecting means serve to adjust both ignition timing means and the

fuel delivery rate for the engine.
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6. ) Apparatus according to claim 1 wherein the control
means comprises a microprocessor programmed to carry out the

said adjustment sequence.
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