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57 ABSTRACT 
An internal combustion engine speed limit circuit for 
preventing the engine speed from exceeding a prede 
termined maximum. A monostable multivibrator cir 
cuit, responsive to the engine ignition signals, produces 
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a series of equally spaced electrical pulses at a repeti 
tion rate proportional to engine speed. These signals 
base bias a charge circuit transistor conductive to peri 
odically establish a charge circuit for a capacitor and 
a base drive circuit for two transistors connected in 
Darlington pair which, while conducting, divert base 
drive current from a control transistor through the cur 
rent carrying electrodes thereof, thereby maintaining 
the control transistor not conductive. While the charge 
circuit transistor is not conducting during the spaces 
between the electrical pulses, the discharge of the ca 
pacitor supplies the base drive current for the transis 
tors of the Darlington pair to maintain these devices 
conductive and, consequently, the control transistor 
not conductive. As the speed of the motor increases, 
the duration of each one of the series of electrical 
pulses decreases until, at the predetermined engine 
speed, the electrical pulses are no longer produced, 
consequently, the charging circuit for the capacitor is 
no longer periodically established. The charge upon the 
capacitor dissipates through the base-emitter elec 
trodes of the transistors of the Darlington pair until it 
has reduced to a predetermined minimum at which in 
sufficient base drive current is supplied thereby to 
maintain the Darlington pair conductive. Base drive 
current is then supplied to the control transistor which 
conducts through the collector-emitter electrodes 
thereof to disenable the ignition system of the engine. 

1 Claim, 2 Drawing Figures 
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INTERNAL COMBUSTION ENGINE SPEED LIMIT 
CIRCUIT 

This invention is directed to an internal combustion 
engine speed limit circuit and, more particularly, to an 
internal combustion engine speed limit circuit which is 
responsive to the charge upon a capacitor reducing to 
a predetermined minimum for disenabling the ignition 
system of the engine when the engine speed reaches a 
predetermined maximum. 
With certain types of internal combustion engines, 

for example, high performance automobile engines, the 
engine may be driven at a rate of speed high enough to 
destroy the engine. Therefore, a circuit which will limit 
the engine speed to a predetermined maximum by dis 
enabling the ignition system when the engine speed has 
reached the predetermined maximum is desirable. 

It is, therefore, an object of this invention to provide 
an improved internal combustion engine speed limit 
circuit. 

It is another object of this invention to provide an im 
proved internal combustion engine speed limit circuit 
which is responsive to the charge upon a capacitor re 
ducing to a predetermined minimum for disenabling 
the ignition system of the engine when the engine speed 
reaches a predetermined maximum. 

In accordance with this invention, an internal com 
bustion engine speed limit circuit for preventing the en 
gine speed from exceeding a predetermined maximum 
is provided wherein a charge circuit transistor respon 
sive to each one of a series of equally spaced electrical 
pulses of a repetition rate proportional to engine speed 
periodically establishes a charging circuit for a capaci 
tor and circuitry responsive to the charge upon the ca 
pacitor reducing to a predetermined minimum disena 
bles the ignition system of the engine when the engine 
speed reaches a predetermined maximum. 
For a better understanding of the present invention, 

together with additional objects, advantages and fea 
tures thereof, reference is made to the following de 
scription and accompanying drawing in which: 
FIG. 1 sets forth in schematic form, within dashed 

rectangle A, the internal combustion engine speed limit 
circuit of this invention in combination with a compati 
ble ignition system, set forth schematically within 
dashed rectangle B; and 
FIG. 2 illustrates the wave form of the ignition signals 

produced by the ignition system of FIG. 1. 
Referring to FIG. 1 of the drawing, the novel internal 

combustion engine speed limit circuit of this invention 
for preventing the engine speed from exceeding a pre 
determined maximum is set forth in schematic form, 
within dashed rectangle A, in combination with the en 
gine ignition system which produces ignition signals in 
timed relationship with the engine, set forth in sche 
matic form within dashed rectangle B, and a source of 
direct current supply potential, which may be associ 
ated battery 9, and includes circuitry for producing a 
series of equally spaced electrical pulses at a repetition 
rate proportional to engine speed, may be a conven 
tional monostable multivibrator circuit comprising 
transistors 10 and 20 and the associated circuitry; a 
control capacitor 25; an electrically operated charge 
circuit switching device, which may be type NPN tran 
sistor 30, having current carrying elements connected 
in series in the charge circuit of capacitor 25 responsive 
to each one of the series of electrical pulses for estab 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
lishing the charge circuit for the duration of each of the 
electrical pulses and circuitry, which may be transistors 
40 and 50 connected in Darlington pair and control 
transistor 60, responsive to the charge upon capacitor 
25 reducing to a predetermined minimum for disenabl 
ing the ignition system of the engine when the engine 
speed reaches a predetermined maximum. 
As the point of reference or ground potential is the 

same point electrically throughout the system, it has 
been illustrated by the accepted schematic symbol and 
referenced by the numeral 5 in the drawing. 
An electrical switch 2 having a movable contact 3 

and a stationary contact 4 is set forth in FIG. 1. Mov 
able contact 3 and stationary contact 4 may be the pair 
of normally open "run' contacts of a conventional au 
tomotive type ignition switch. In the following descrip 
tion of the novel engine speed limit circuit of this inven 
tion, it will be assumed that movable contact 3 is closed 
to stationary contact 4. 
Without intention or inference of a limitation 

thereto, one example of an internal combustion engine 
ignition system with which the speed limit circuit of this 
invention may be used is schematically set forth within 
dashed rectangle B of FIG. 1. The ignition signals may 
be produced in timed relationship with the engine by 
any one of the several conventional magnetic type dis 
tributors which are well known in the automotive art. 
One example of a magnetic distributor well known in 
the automotive art with which the engine speed limit 
circuit of this invention may be used is of the variable 
reluctance type such as that disclosed and described in 
detail in U.S. Pat. No. 3,254,247, Falge, which issued 
May 31, 1966 and is assigned to the same assignee as 
that of the present application. In the interest of reduc 
ing drawing complexity, the variable reluctance type 
ignition distributor has been set forth in schematic form 
in the drawing. A rotor 6 is rotated in timed relation 
ship with the engine by the engine in a manner well 
known in the automotive art within the bore of pole 
piece 7. Equally spaced about the outer periphery of 
rotor 6 and about the bore of pole piece 7 are a series 
of projections equal in number to the number of cylin 
ders of the engine with which the distributor and igni 
tion system is being used. Pole piece 7 may be made up 
of a stack of a number of laminations of magnetic mate 
rial secured in stacked relationship by rivets or bolts or 
other fastening methods and the magnetic flux may be 
provided by a permanent magnet, not shown, which 
may be secured to the lower face surface thereof. As 
each projection on rotor 6 approaches a projection on 
poel piece 7, the reluctance of the magnetic path be 
tween rotor 6 and pole piece 7 decreases and as each 
projection on rotor 6 moves away from a projection on 
pole piece 7, the reluctance of the magnetic circuit be 
tween rotor 6 and pole piece 7 increases. Conse 
quently, the magnetic field produced by the permanent 
magnet increases and decreases as each projection on 
rotor 6 approaches and passes a projection on pole 
piece 7, a condition which induces an alternating cur 
rent potential in pickup coil 8, magnetically coupled to 
pole piece 7, of a wave form as shown in FIG 2. 
With each positive polarity excursion of the ignition 

signal, terminal end 8a of pickup coil 8 of a positive po 
larity with respect to terminal end 8b, diode 14 is re 
verse biased, consequently, base drive current is sup 
plied to type NPN transistor 70 through resistors 15 
and 16, through which the base electrode 71 of transis 
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tor 70 is connected to the positive polarity terminal of 
battery 9, and through resistor 17 and point of refer 
ence or ground potential 5, through which the emitter 
electrode 72 of transistor 70 is connected to the nega 
tive polarity terminal of battery 9, consequently, tran 
sistor 70 conducts through the collector-emitter elec 
trodes. With transistor 70 conducting through the col 
lector-emitter electrodes, base drive current is diverted 
from type NPN transistor 80 to extinguish this device. 
With transistor 80 extinguished, base drive current is 
supplied to type NPN transistor 90 through resistors 
29, 18 and 19, through which the base electrode 91 of 
transistor 90 is connected to the positive polarity termi 
nal of battery 9, and through the base-emitter elec 
trodes of switching transistor 100 and point of refer 
ence or ground potential 5, through which the emitter 
electrode 92 of transistor 90 is connected to the nega 
tive polarity terminal of battery 9. Base current is sup 
plied to switching transistor 100 through resistor 24 
and the collector-emitter electrodes of transistor 90, 
consequently, this device conducts through the collec 
tor-emitter electrodes thereof to complete an energiz 
ing circuit for the primary winding 28a of ignition coil 
28. With each negative polarity excursion of the igni 
tion signal, terminal end 8a of pickup coil 8 of a nega 
tive polarity with respect to terminal end 8b, diode 14 
is forward biased to divert base drive current from tran 
sistor 70 through pickup coil 8 and resistor 26 to point 
of reference or ground potential 5, consequently, tran 
sistor 70 extinguishes. While transistor 70 is not con 
ductive, base drive current is supplied to transistor 80 
through resistors 29, 34 and 35, through which the base 
electrode 81 of transistor 80 is connected to the posi 
tive polarity terminal of battery 9, and through resistor 
17 and point of reference or ground potential 5, 
through which the emitter electrode 82 is connected to 
the negative polarity terminal of battery 9, conse 
quently, transistor 80 conducts through the collector 
emitter electrodes. While transistor 80 is conductive 
through the collector-emitter electrodes, base current 
is diverted from transistor 90, consequently, this device 
extinguishes. With transistor 90 not conductive, base 
drive current is not supplied to switching transistor 
100, consequently, transistor 100 extinguishes to inter 
rupt the energizing circuit for the primary winding 28a 
of ignition coil 28. The resulting collapsing magnetic 
field induces a high potential ignition pulse in the sec 
ondary winding 28b of ignition coil 28 which is con 
ducted to the ignition distributor, not shown. To regu 
late the ignition system operating potential, a Zener 
diode 44 may be connected as shown. 
To produce a series of equally spaced electrical 

pulses at a repetition rate proportional to engine speed, 
a conventional monostable multivibrator circuit re 
sponsive to the ignition signals produced by the engine 
ignition system may be employed. Within dashed rect 
angle A of the drawing, a conventional monostable 
multivibrator circuit comprising type NPN transistors 
10 and 20 and the interconnecting circuitry is set forth 
in schematic form. The collector electrode 12 and the 
emitter electrode 13 of type NPN transistor 90 and the 
collector electrode 22 and the emitter electrode 23 of 
type NPN transistor 20 are connected across the posi 
tive and negative polarity terminals, respectively, of 
battery 9, through respective collector resistors 36 and 
37 and point of reference or ground potential 5. There 
fore, these type NPN transistors are properly poled for 
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4 
forward collector-emitter conduction therethrough. 
The base electrode 21 of transistor 20 is connected to 
the junction between resistors 38 and 39 and the base 
electrode 11 of transistor 10 is connected to the collec 
tor electrode 22 of transistor 20 through timing capaci 
tor 45, to the positive polarity terminal of the source of 
direct current supply potential 9 through a variable re 
sistor 46 and to junction 47 of the ignition circuit 
within dashed rectangle B between diode 14 and resis 
tor 16 through an isolating diode 48 and resistor 58. 
Consequently, the monostable multivibrator circuit is 
responsive to the ignition signals produced by the en 
gine ignition system in a manner which will be ex 
plained in detail later in this specification. 
Control capacitor 25 is charged through a charging 

circuit which includes the current carrying elements of 
an electrically operated switching device in series 
which is responsive to each one of a series of electrical 
pulses produced by the monostable multivibrator cir 
cuit for establishing the charging circuit for the dura 
tion of each of the electrical pulses. The electrically op 
erated switching device may be any switching device 
which is operable by an electrical signal and is illus 
trated in the FIGURE as a type NPN transistor 30 hav 
ing the usual base 31, collector 32 and emitter 33 elec 
trodes. The charging circuit for control capacitor 25 
may be traced from the positive polarity terminal of 
battery 9, through switch 2, lead 49, collector resistor 
54, the collector-emitter electrodes of type NPN tran 
sistor 30, control capacitor 25 and point of reference 
or ground potential 5 to the negative polarity terminal 
of battery 9. The base electrode 31 of type NPN tran 
sistor 30 is connected to the junction 85 between col 
lector resistor 37 and collector electrode 22 of output 
transistor 20 of the monostable multivibrator circuit. 
As the collector–emitter electrodes of type NPN tran 
sistor 30 are connected to the positive and negative po 
larity terminals of battery 9, respectively, this type 
NPN transistor is properly poled for forward collector 
emitter conduction therethrough. 
The circuitry responsive to the charge upon control 

capacitor 25 reducing to a predetermined minimum for 
disenabling the ignition system of the engine when the 
engine speed reaches a predetermined maximum in 
cludes a high impedance discharge circuit for capacitor 
25, the base-emitter junction of each of two type NPN 
transistors 40 and 50 connected in Darlington pair, and 
control transistor 60. The collector electrode 42 of 
transistor 40 and the collector electrode 52 of transis 
tor 50 are connected to the positive polarity terminal 
of battery 9 through collector resistor 55 and the emit 
ter electrode 43 of transistor 40 is connected to the 
base electrode 51 of transistor 50. The emitter elec 
trode 53 of transistor 50 is connected to point of refer 
ence or ground potential 5 through emitter resistor 56. 
A resistor 57 may be connected between the base elec 
trode 51 of transistor 50 and point of reference or 
ground potential 5 for the purpose of temperature sta 
bility. The base electrode 41 of transistor 40 is con 
nected to junction 65 between the emitter electrode 33 
of transistor 30 and control capacitor 25 through a cou 
pling resistor 66. The collector electrode 62 of control 
transistor 60 is connected to the positive polarity termi 
nal of source of direct current potential 9 through col 
lector resistor 68 and the emitter electrode 63 thereof 
is connected to the negative polarity terminal of source 
of direct current supply potential 9 through point of 
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reference or ground potential 5. Consequently, type 
NPN control transistor 60 is properly poled for forward 
collector-emitter conduction therethrough. The base 
electrode 61 of transistor 60 is connected to the collec 
tor electrodes 42 and 52 of respective transistors 40 
and 50 through a coupling resistor 73. Resistor 74 may 
be connected between base electrode 61 of transistor 
60 and point of reference or ground potential 5 for the 
purpose of establishing the proper base-emitter bias 
across control transistor 60. The collector electrode 62 
of transistor 60 is connected to junction 75 of the en 
gine ignition system within dashed rectangle B through 
lead 76, consequently, the operation of transistor 60 
disenables the engine ignition system in a manner to be 
explained in detail later in this specification. If desir 
able, collector resistor 68 may be eliminated from the 
circuit set forth in FIG. 1, in which event, collector re 
sistor 18 of the ignition system circuit functions as the 
collector resistor for control transistor 60. 
With the associated engine in the running mode, each 

positive polarity excursion of the ignition signal reverse 
biases diodes 14 and 48, consequently, a potential ap 
pears across junction 78 and point of reference or 
ground potential 5 of a positive polarity upon junction 
78 with respect to point of reference or ground poten 
tial 5. As this potential is applied across the base 
emitter electrodes of type NPN transistor 10 of the 
monostable multivibrator circuit in the proper polarity 
relationship to produce base-emitter current flow 
through a type NPN transistor, base drive current is 
supplied transistor 10 to trigger this device conductive 
through the collector-emitter electrodes thereof. With 
transistor 10 conducting through the collector-emitter 
electrodes, base drive current is diverted from transis 
tor 20, consequently, transistor 20 is not conductive. 
With transistor 20 not conducting, an electrical signal 
appears across junction 85 and point of reference or 
ground potential 5 of a positive polarity upon junction 
85 with respect to point of reference or ground poten 
tial 5. Each negative polarity excursion of the ignition 
signals forward biases diodes 14 and 48, consequently, 
the base drive current for transistor 10 of the monosta 
ble multivibrator circuit is diverted therethrough to ex 
tinguish this device. With transistor 10 extinguished, 
base drive current is supplied to type NPN transistor 20 
through resistors 29, 36 and 38 to trigger this device 
conductive through the collector-emitter electrodes. 
While transistor 20 is conducting, the potential upon 
junction 85 goes to ground and a charge circuit is es 
tablished for timing capacitor 45 through variable resis 
tor 46 and point of reference or ground potential 5 
through which base drive current is diverted from tran 
sistor 10 to maintain this device not conductive until 
timing capacitor 45 has become charged. By the time 
timing capacitor 45 has become charged, the positive 
polarity excursion of the next ignition signal has 
reached a sufficient magnitude to reverse bias diodes 
14 and 48. Therefore, base drive current is again sup 
plied to transistor 10 through variable resistor 46 to 
trigger this device conductive through the collector 
emitter electrodes. Conducting transistor 10 diverts 
base drive current from transistor 20 to extinguish this 
device. While transistor 20 is extinguished, the electri 
cal signal again appears across junction 85 and point of 
reference or ground potential 5 of a positive polarity 
upon junction 85. The space between the electrical sig 
nals appearing across junction 85 and point of refer 
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6 
ence or ground potential 5 is constant as determined by 
the time constant of the charging circuit of timing ca 
pacitor 45 for any setting of variable resistor 46. To 
change the space between these signals, variable resis 
tor 46 may be adjusted. From the foregoing descrip 
tion, it is apparent that the monostable multivibrator 
circuit is responsive to the engine ignition system igni 
tion signals for producing a series of equally spaced 
electrical pulses at a repetition rate proportioned to en 
gine speed. 
The series of equally spaced electrical signals pro 

duced by the monostable multivibrator circuit which 
appear across junction 85 and point of reference or 
ground potential 5 are applied across the base-emitter 
electrodes of transistor 30 in the proper polarity rela 
tionship to produce base-emitter current flow through 
a type NPN transistor, consequently, transistor 30 is 
triggered conductive through the collector-emitter 
electrodes thereof by each one of these signals to estab 
lish the charging circuit for control capacitor 25. Con 
sequently, transistor 30 is responsive to each one of the 
series of electrical pulses produced by the monostable 
multivibrator circuit for establishing the charging cir 
cuit for control capacitor 25 for the duration of each 
one of the electrical pulses. 
As the collector-emitter electrodes of transistors 40 

and 50 are connected across the base-emitter elec 
trodes of control transistor 60, while transistors 40 and 
50 are conductive through the collector-emitter elec 
trodes, base drive current for control transistor 60 is 
diverted therethrough. Control transistor 60, therefore, 
is maintained not conductive while transistors 40 and 
50 are conductive. 
Conducting transistor 30 also supplies base drive cur 

rent for transistor 40 through resistor 66 and to transis 
tor 50 through resistor 66 and the base-emitter elec 
trodes of transistor 40. Consequently, transistors 40 
and 50 are conductive through the collector-emitter 
electrodes thereof to maintian control transistor 60 not 
conductive while transistor 30 conducts for the dura 
tion of each of the series of electrical signals produced 
by the monostable multivibrator circuit. 
While transistor 20 of the multivibrator circuit con 

ducts during the space or interval between the series of 
electrical pulses produced by the monostable multivi 
brator circuit, transistor 30 is extinguished as the base 
drive current therefor is diverted through conducting 
transistor 20. With transistor 30 extinguished, the 
charging circuit for capacitor 25 is interrupted. The 
base-emitter junction of transistor 30 prevents capaci 
tor 25 from discharging through conducting transistor 
20, however, the charge upon capacitor 25 supplies 
base drive current for transistors 40 and 50 to maintain 
these devices conductive to divert base drive current 
from transistor 60 and maintain transistor 60 not con 
ductive. 
At lower engine speeds, by the time timing capacitor 

45 has become charged, the ignition signals have be 
come enough positive to reverse bias diodes 14 and 48, 
consequently, base drive current is again supplied to 
type NPN transistor 10 when timing capacitor has be 
come charged to trigger this device conductive through 
the collector-emitter electrodes which extinguishes 
transistor 20. With transistor 20 extinguished, the elec 
trical signal again appears across junction 85 and point 
of reference or ground potential 5 to again trigger tran 
sistor 30 conductive to establish the charging circuit for 
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control capacitor 25 before the charge thereon has re 
duced to the minimum at which it no longer supplies 
sufficient base drive current for transistors 40 and 50. 
That is, the time required for timing capacitor to 
charge is less than the time required for capacitor 25 
to discharge to the predetermined minimum. So long as 
the engine speed remains below the predetermined 
maximum, control transistor 60 is maintained not con 
ductive. 
When the speed of the engine reaches the predeter 

mined maximum, each positive polarity excursion of 
the ignition signals to reverse bias diodes 14 and 48 oc 
curs before timing capacitor 45 becomes charged. Con 
sequently, during these positive polarity excursions of 
the ignition signals, base current is diverted from tran 
sistor 10 through charging timing capacitor 45 and con 
ducting transistor 20 to maintain transistor 10 not con 
ductive and transistor 20 conductive. During each neg 
ative polarity excursion of the ignition signals to for 
ward bias diodes 14 and 48, timing capacitor 45 dis 
charges therethrough and base drive current for tran 
sistor 10 is diverted therethrough, a condition which 
maintains transistor 10 not conductive and transistor 
20 conductive. Consequently, the series of electrical 
pulses no longer appear across junction 85 and point of 
reference or ground potential 5 to trigger transistor 30 
conductive. When the charge upon control capacitor 
25 has reduced to a predetermined minimum at which 
insufficient base drive current is supplied thereby to 
maintain transistors 40 and 50 of the Darlington pair 
conductive, these devices extinguish. With transistors 
40 and 50 extinguished, base drive current is supplied 
to type NPN control transistor 60 through resistors 55 
and 73 to trigger this device conductive through the 
collector-emitter electrodes. With control transistor 60 
conducting through the collector-emitter electrodes, 
base drive current is diverted therethrough from drive 
transistor 90 of the ignition system, thereby disenabling 
the ignition system. 
As the space between the series of electrical pulses 

appearing across junction 85 and point of reference or 
ground potential 5 is determined by the time constant 
of the charging circuit of timing capacitor 45, the pre 
determined speed of the engine at which the circuit of 
this invention is selected to become operable to disen 
able the ignition system may be selected by adjusting 
variable resistor 46 in the charge circuit of timing ca 
pacitor 45, the shorter the spacing between the series 
of electrical pulses, the lower the speed of the engine 
at which the circuit of this invention operates to disen 
able the ignition system. 
The predetermined minimum charge upon capacitor 

25 is determined by the impedance of the discharge cir 
cuit including resistor 66, the base-emitter junctions of 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
each of transistors 4 and 50 of the Darlington pair and 
resistor 56. This minimum charge may be adjusted by 
providing a variable resistor for resistor 56. 
Although specific transistor types, switching devices 

and electrical polarities have been set forth in this spec 
ification, it is to be specifically understood that alter 
nate transistor types, switching devices and compatible 
electrical polarities may be employed without depart 
ing from the spirit of the invention. 
The engine speed limit circuit of this invention has 

been described in combination with an electronic igni 
tion system and a magnetic type distributor. It is to be 
specifically understood that this novel circuit may be 
used with other type ignition systems and distributors. 
For example, conventional ignition distributor breaker 
contact points may provide the ignition signals to which 
the monostable multivibrator circuit is responsive and 
the collector-emitter electrodes of control transistor 60 
may be connected in shunt around the breaker contact 
points to provide a short circuit thereacross when the 
engine speed reaches the predetermined maximum. 
While a preferred embodiment of the present inven 

tion has been shown and described, it will be obvious 
to those skilled in the art that various modifications and 
substitutions may be made without departing from the 
spirit of the invention which is to be limited only within 
the scope of the appended claims. 
We claim: 
1. An internal combustion engine speed limit circuit 

for preventing the engine speed from exceeding a pre 
determined maximum comprising in combination with 
the engine ignition system which produces ignition sig 
nals in timed relationship with the engine and a source 
of direct current supply potential, a monostable multi 
vibrator circuit responsive to said ignition signals for 
producing a series of equally spaced electrical pulses at 
a repetition rate proportional to engine speed, a capaci 
tor, a charge circuit through which said capacitor is 
charged across said source of direct current supply po 
tential, a first transistor having two current carrying 
electrodes connected in series in said charge circuit re 
sponsive to each one of said series of electrical pulses 
for establishing said charge circuit for the duration of 
each of said electrical pulses, a high impedance dis 
charge circuit for said capacitor, and a second transis 
tor having two current carrying electrodes which is 
maintained not conductive while said capacitor is dis 
charging and is rendered conductive through said cur 
rent carrying electrodes when the charge upon said ca 
pacitor has reduced to a predetermined minimum for 
disenabling the ignition system of the engine when the 
engine speed reaches a predetermined maximum. 
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