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ABSTRACT: A multiple-position switch is actuated by a
throttle pedal that is spring-loaded for retraction from an en-
gine idling position through a series of three successive
retracted positions. At the first of the three retracted positions
the multiple-position switch terminates combustion in the en-
gine to create a light braking effect which is primarily the
result of friction losses in the various moving parts of the en-
gine and vehicle. At the second retracted position of the throt-
tle the switch is effective to create engine braking action by
holding the exhaust valves of the engine continuously in
slightly open position. At the third retracted position of the
throttle pedal the switch operates a butterfly valve in the ex-
haust manifold of the engine to provide back pressure in the
manifold, the additional braking effect by the back pressure
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1
VEHICLE ENGINE BRAKING SYSTEM

BACKGROUND OF THE INVENTION

Varioils drrangeifients have been eniployed heretofore to
convert an internial combustion engine t‘emporarily into a
comipressor by termmatmg combustion in the engine and
cyclically ventitig engine cylinders to the atmosphere. For ex-
afple, the Jonsson Patent 3,367,312, entitled “Engine Brak-
itig System”, issued Febtudry 6, 1968, provides means opera-
ble by the drlver to advance the operation of the exhaust
valves of an engine 180° of the rotation of the engine crank
shaft to cause the exhaust valve to vent the cylindets at or near
the ends of the compression strokes of the pistons.

Itis also old in the art to serve the sdme purpose by restrict-
ing the outflow froth the exhaust manifold of 4n engine to pro-
vide back pressure for power absorption Siich a braking
system is disclosed, for example; in the Williams Patent No.
2,805,656.

These two prior engine braking systems have certain in-
herént disadvanitages. The disadvantage of advancing the tim-
ifig of the exhaust valves in the first system is in the necessity
of providing an auxiliary coritrol system to operate all of the
exhaust valves cyclically at the advanced timing throughout a
braking period. Such an auxiliary control systém with nu-
nierous moving parts is of substantial initial cost and requires
periodic servicing. The second braking system eliminates the
necessity of cyclic coritrol throtigh the braking period but the
degree to which power is absorbed depends on the magnitude
of the back pressute in the exhaust manifold and trotible
develops eventually if the back pressure is relatively high, for
exariple as high as 40 p.s.i. One piirpose of the present inven-
tion is to avoid these disadvantages in the operation of an in-
ternal combustion engine as an atixiliary vehicle brake means.

Ariother ptirpose of thie invention is to elitninate the riecessi-
ty for the driver of a vehicle to maripulate any special or addi-
tional controls to convert the engine to braking operation.
More particularly stated, the object is to make the brake
systém autornatic in the sense that the brakirig action occurs
attomatically when desired with no need for the driver t6 de-
part fiom conventional driving procedure.

This dutomatic brakitig operation results in certain impor-
tait advaritages. In thie first place, a driver operating for the
first time a truck incotporating the present invention dogs not
have to become familiar with a new manually operable contro}
Higmiber and is not forced to learn new driving habits. Correct
operatiiig procediire in arly sudden eniergency is assiired. In
the second place, diitomatic braking action reduces fatigue by
enabling the operator to drive in a reélaxed marner 4t all times.
In the third place, aiitomatic braking operatlon results in
achieveiitent of the full potential of engine braking both to
save fuel and to save wear on the mechanical brakes. In the
foutth place, automatic braking by the engine as distinguished
from the niecharical brakes makes it impossible for the vehi-
cle engme to caol down unduly on a dowh hill riih especially in
winter time. Effective automatic éngine braking makes it
possible to change to the high gear before the vehicle loses so
miuch speed as to make the desired ; gear shift prohibitive.

A further object of the invention is to provide what is com-
morily called “deal man control,” i.e., a fail-safe braking con-
trol that becomes immediately effectlve in the event that the
driver becaries incapacitated or is dislodged from the driver’s
seat.

A still further object of the preferred practice of the inven-
tion is to provide a graduated enginie braking action in con-
trast to a conventional engine braking system in which the
operator miust choose between miaximum engine braking ac-
tion or rio engine braking action at all, It is desirable to pro-
vide different degrees of retardation for different situations.
For exaniple, in anticipating a full stop at some distance
aheadd, a light braking action may be used for a large portion of
the distance to décelerate the vehicle relatively gradually and
then heavier braking action may be applied in the final ap-
proach. In using conventional mechanical hydraulic or air
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brakes, it is a simple matter to vary the degree of braking ac-
tion as desifted and the degree of braking action varies in a
natural manner with the extent of movement of a manual
brake control. It is highly desirable, therefore, to provide an
engine braking system, the effectiveness of which varies in the
same graduated manner in résponse to progressive movement
of a brake control member.
SUMMARY OF THE INVENTION

The preseritly preferred embodiment of the invention is
baséd on three basic discoveries which work together for the
desired absorption of power by the engine.

The first discovery is that an internal combustion engine ab-
sorbs power for the purpose of a braking action if the various
cylindérs are vented by special ports or if eithiér the intake
valves or the exhaust valves of the various cylinders are
prevented from closing beyond partially open positions for as
long as the braking action is desired. The fact that ithier the
intake valves or the exhaust valves afe continuotisly at least
partially open eliminates the necessity for cyclic valve actua-
tion thiroiighoiit a braking period and therefore a relatively
simple control arrangement may be employed.

In the preferred émbodiment of the invention the closing
action of the exhdust valves is inhibited dnd the partially open
exhaust valves adinit somewhat more than the usual amount of
air into the cylinders during the intake strokes of the pistons to
resiilt in greater masses of corifined air at the beginning of the
commpression strokes. Consequently the power absorbed by the
pistons on the compression strokes is increased. More impor-
tant, however; power is lost by the heating of the air that
escapes through the exhaust valves duritig the compression
strokes and, of course, more power is dissipated by the escape
of conipressed air through the partiaily open exhaust valves
during the expatision strokés of the pistons. The néw result of
these eéffects is that the power that the engine returns to the
vehiicle ini the course of the expansion strokes of the pistons is
much less than the power absorbed by the engine during the
prior compression strokes, the difference accounting for the
brdking action of thie engine that is achieved solely by keeping
the exhiaist valves from comipletely closing.

The second discovéry is that if a second éngine braking ac-
tion is carried out siniilltaneously by émploying a butterfly
vélve to create back pressiire in the exhaust manifold, the two
different engine bidking actions complement each other. The
flow through the exhaust valves causes power absotptiofi on
the combined compression and exhaust strokes while the back
pressure in the imanifold causes additional power absorption
by ah incredse in the différential between the intake and ex-
haust portions of thé éngine cycle with no intetference with
each othier.

The third discovery is that the combiried effect of the two
compleméﬁtai’y engine braking actionis is greatér than the sum
of the two separate braking effects. Thus unexpected coopera-
tion of the two sirultaiieous braking actions is attributed in
large part to the fact that the manifold back pressure crowds
more air through thie partially open exhaust valves into the
cylinders on the intake strokes and during the eatly portions of -
the compression strokes. Thus, keeping the exhaust valves’
dpen togethér with maintaining elevated pressure in the ex-
hauist manifold results in a siibstantial degree of sUperchargmg
to inicrease the amoit of power that is absorbed by the engine
on the combined compression and éxhaust strokes. The pres-
sure that resists the compréssion siroke of a piston is substan-
tially higheér than thé resisting pressure that would be created
by partially open exhaust valves in the absénce of manifold
back pressiure.

Since the net braking éffect achieved on the compression
and expansion strokes taken together depends on the release
of compressed air on the ekpansion strokes, it would seem at
first thought that raising the back pressure in the exhaust
manifold would greatly lessen the venting of compressed air
on the expansion strokes and thus would greatly reduce the
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power absorbing effect of the partially open exhaust valves. It
so happens, however, that in the absence of manifold back
pressure, the pressure differential across the partially open ex-
haust valves far exceeds the critical pressure ratio above
which the rate of flow does not increase. When a back pres-
sure, for example a back pressure of 20 p.s.i., is created in the
exhaust manifold, the critical pressure ratio across the par-
tially open exhaust valves is still exceeded through such a large
portion of the expansion stroke that the effect of the back
pressure on the venting action is relatively insignificant.

The features and advantages of the invention may be un-
derstood from the following detailed description and the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing cylinder pressure vs. crank angle
for engine braking action that is accomplished solely by con-
tinuously at least partially opening either the intake valves or
the exhaust valves;

FIG. 2 is a similar graph showing cylinder pressure vs. crank
angle for engine braking action accomplished solely by main-
taining a back pressure of approximately 20 p.s.i. in the ex-
haust manifold of the engine;

FIG. 3 is a similar graph which repeats the curves of FIGS. 1
and 2 and in addition shows cylinder pressure vs. crank angle
for engine braking action accomplished by preventing
complete closing of the exhaust valves and simultaneously
maintaining approximately 20 p.s.i. back pressure in the ex-
haust manifold;

FIG. 4 is a graph showing the power absorbed at different
engine speeds, some curves showing the power that is ab-
sorbed solely by holding the exhaust valves open to various
degrees during the portion of the engine cycle when the ex-
haust valves are normally closed, one curve showing how
power is absorbed solely by maintaining back pressure in the
exhaust manifold, and still another curve showing how power
is absorbed when the exhaust valves are prevented from clos-
ing completely while a back pressure is simultaneously main-
tained in the exhaust manifold;

FIG. 5 is a schematic view illustrating the presently pre-
ferred embodiment of the invention;

FIG. 6 is a fragmentary schematic view indicating how the
arrangement shown in FIG. 5 may be modified if desired,

FIG. 7 is a fragmentary schematic view illustrating an em-
bodiment of the invention which relies solely on limiting the
closing action of the exhaust valves for engine braking action;
and

FIG. 8 is a similar view illustrating another embodiment of
the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT OF
THE INVENTION

FIG. 1 refers to a method of causing an internal combustion
engine to absorb power solely by preventing either the intake
valves or the exhaust valves of the engine from closing
completely and shows how the operating cycle is carried out
by two complete revolutions of the crank shaft. The operating
cycle of a given cylinder is divided into four parts correspond-
ing to the four strokes of the piston in the cylinder, namely,
the intake stroke which extends from top dead center at the
left margin of the chart to the bottom dead center of the crank
shaft that is represented by the vertical line 10; the compres-
sion stroke extending from the bottom dead center position of
the crank shaft represented by the vertical line 10 to the top
dead center position represented by the central vertical line
11; the expansion stroke extending from the top dead center
position of the crank shaft represented by line 11 to the bot-
tom dead center that is represented by the vertical line 12; and
the exhaust stroke extending from the bottom dead center
position of the crank shaft represented by vertical line 12 to
the top dead center position of the crank shaft that is
represented by the right end of the chart. For the purpose of
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providing room for clearly depicting the central compression
and expansion strokes, the opposite end portions of the chart
that represent the intake stroke and exhaust strokes respec-
tively are compressed horizontally.

A small amount of power is absorbed on the initial intake
stroke and additional power is absorbed by the engine on the
final exhaust stroke. The substantial amount of power ab-
sorbed on the compression stroke may be measured by the
area defined by the pressure curve 13 between the two vertical
lines 10 and 11 and the power that is returned to the vehicle
by the engine on the expansion stroke is equal to the area
defined by the curve 13 between the vertical lines 11 and 12.
It can be seen that the first area substantially exceeds the
second area, the difference being the net power absorbed by
the engine for the desired braking effect.

The first area on the left side of the vertical line 11 is greater
than the second area on the right side of the line because the
leaking exhaust valves release air from the cylinders during
the compression and expansion strokes to cause the air pres-
sure in the cylinders to drop abruptly during the first part of
the expansion strokes.

In FIG. 2 the curve 14 represents the pressure changes in a
cylinder in a cycle of operation extending over two revolutions
of the crankshaft when the braking action relies solely on the
maintenance of a back pressure of 20 p.s.i., in the exhaust
manifold, the intake and exhaust valves operating in the nor-
mal manner. It is to be noted that in FIG. 2 the portion of the
curve 14 in the third space that represents the expansion
stroke is a mirror image of the portion of the curve that lies in
the second space that represents the compression stroke,
there being no power absorption by the combination of these
two strokes. Thus, the power absorbed by the engine for the
desired braking effect is the power absorbed on the intake
stroke plus the power absorbed on the exhaust stroke.

FIG. 3 includes the pressure curve 13 of FIG. 1 that
represents the braking action provided solely by preventing
complete closure of the exhaust valves and includes curve 14
of FIG. 2 which represents the braking effect achieved solely
by maintaining approximately 20 p.s.i. back pressure in the ex-
haust manifold. In addition, FIG. 3 shows a third pressure
curve 15 which represents the composite braking effect that is
obtained by holding the exhaust valves partially open during
the periods when they are normally closed and at the same
time maintaining a back pressure of approximately 20 p.s.i. in
the exhaust manifold.

It can be seen that the power absorbed on the exhaust
stroke is the same for both curves 14 and 15. In other words
employing the two kinds of braking action simultaneously
does not reduce the power that is absorbed by maintaining
back pressure in the exhaust manifold.

The height of the peak of the new pressure curve 15 is sub-
stantially less than the height of the peak of the pressure curve
14 that represents braking action solely by maintaining back
pressure in the exhaust manifold. It is to be remembered, how-
ever, that the height of the peak of the pressure curve 14 is
without significance with respect to braking action because
the peak is symmetrical with respect to the top dead center
line 11, the power output on the expansion stroke equaling the
power absorbed on the pressure stroke.

The surprising fact is that the peak of pressure curve 15 that
represents the two simultaneous braking actions is substan-
tially higher than the peak of pressure curve 13 and since the
higher peak of the pressure curve 15 is offset to the left of the
top dead center line 11 the result is a substantially greater dif-
ferential between power absorption and power output on the
compression and expansion strokes. In other words, the dif-
ference between the areas defined by the curve 15 on the left
and right sides of the top dead center line is substantially
greater than the difference between the areas defined by the
curve 13 on the left and right sides of the top dead center line.
Thus FIG. 3 shows graphically that maintaining back pressure
in the exhaust manifold while the closing action of the exhaust
valves is inhibited provides the expected power absorption on
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the intake and exhaust strokes and in addition increases the
power absorption on the compression and expansion strokes.

In FIG. 4 wherein horsepower absorbed for braking effect is
plotted against engine RPM, the lower curve 16 represents the
braking effect of merely terminating combustion in the cylin-
ders of the engine, the braking effect then being created
primarily by the friction of the moving parts of the engine and
of the vehicle. The next higher curve 17 indicates the power
absorbed by the engine solely by virtue of maintaining 20 p.s.i.
back pressure in the exhaust manifold.

The next three curves represent the braking effect that is
obtained solely by keeping the exhaust valves of the engine
open to various degrees during the periods when the exhaust
valves are normally closed. Curve 18 represents the power ab-
sorbed by holding the exhaust valves open by .010""; curve 19
represents the effect of holding the exhaust valves open by
.020""; and curve 20 shows the power absorbed when the ex-
haust valves are held open by .030"'. It is apparent from an in-
spection of curves 18, 19, and 20 that increasing the degrees
to which the exhaust valves are held open raises the power
that is absorbed in the higher ranges of engine speed but
lowers the power that is absorbed in the lower ranges of en-
gine speed. It is to be understood, of course, that all of the
curves in FIG. 4 relate to a particular engine, which in this in-
stance is an eight cylinder diesel engine but in the operation of
any engine the various curves will be of the general character
shown in FIG. 4. In each instance the decision as to what
degree the exhaust valves are to be held open will be reached
by balancing the desirability on the one hand of opening the
exhaust valves substantially for relatively high power absorp-
tion at the higher engine speeds and, on the other hand, the
need for adequate braking action at the lower engine speeds
that cannot be met if the exhaust valves are too wide open. In
this particular instance opening the exhaust valves by .020'" is
a practical compromise.

Curve 21 in FIG. 4 shows the power that is absorbed when
both braking actions are employed simultaneously. The ex-
haust valves are held continuously open by .20'’ and at the
same time a back pressure of approximately 20 p.s.i. is main-
tained in the exhaust manifold.

It will be apparent to those skilled in the art that the basic
concepts represented by FIGS. 1—4 may be carried out in
various ways in various practices of the invention. By way of
example, FIG. 5 indicates schematically how the invention
may be embodied in a truck that is powered by a diesel engine.
An important feature of this particular embodiment of the in-
vention is the concept of making available different levels of
power absorption typified by curves 16, 17, 19 and 21 in FIG.
4 for use selectively by the truck operator. Another feature of
this particular embodiment of the invention is the concept of
controlling the various levels of power absorption by means of
the throttle pedal, this concept making it unnecessary to add
an additional control for operating the engine as an auxiliary
brake. Still another feature is the concept of making the
engine braking operation not only automatic but also fail-safe.

In FIG. § a multiple position switch represented by the
switch arm 22 is mechanically operated by the throttle pedal
24 as indicated by the dotted line 25. As indicated diagram-
matically the throttle pedal 24 is biased to retract by a suitable
spring means 26, the same spring means serving to bias the
switch arm 22 towards a maximum position of retraction
which is labeled position No. 3.

Under normal driving conditions when the throttle pedal 24
is depressed to supply fuel to the engine, the switch arm 22 is
depressed below the idling position that is so labeled in FIG. 5.
When it is desirable to slow down the vehicle, the driver
relaxes the pressure on the throttle pedal to permit the switch
arm 22 to retract to a selected degree in accord with whatever
degree of braking effectiveness is desired. If the throttle pedal
is permitted to retract to place the switch arm 22 at position
No. 1 in FIG. 5 the switch arm cooperates with a relatively
long contact 28 to terminate combustion in the cylinders of
the engine. If the switch arm 22 contracts further to position
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No. 2 the switch arm not only cooperates with the long con-
tact 28 but also with a contact 30 to cause the exhaust valves
of the engine to be opened to a predetermined degree while
combustion is still interrupted. Finally, if the throttle pedal is
permitted to retract to its limit position the switch arm 22
retracts to position No. 3 where it not only cooperates with
contacts 28 and 30 but also cooperates with the third short
contact 32 to create back pressure in the exhaust manifold 34.

In the control arrangement shown in FIG. § the switch arm
22 is in series with three switches, namely a dashboard switch
35, a clutch pedal switch 36 and a gearshift switch 38. The
dashboard switch 35 may be used by the driver to deenergize
the braking circuit whenever desired. The clutch pedal switch
36 closes only when the clutch pedal 40 is released to engage
the clutch of the vehicle and the gearshift switch 38 closes
only when the gearshift lever 42 is out of its neutral position.

Since FIG. § relates to a truck powered by a diesel engine,
the circuit that includes the long contact 28 terminates com-
bustion in the engine by terminating the injection of fuel into
the cylinders of the engine. For this purpose the long contact
28 is in series with a solenoid 44 which is operatively con-
nected by a link 45 to an arm 46 for rotating a valve member
48. In this particular instance, the fuel injectors 50 of the en-
gine are of the hydraulic type that are operated by pressure
pulses created by a fuel pump 52. Since the plungers (not
shown) of the hydraulic fuel injectors 50 serve merely as
check valves in a well known manner and are actuated by
hydraulic pressure pulses instead of being actuated by cams, it
is not necessary to provide any special means to immobilize
the injector plungers when the fuel pump is cut off.

When the valve member 48 is in the normal position shown
in solid lines in FIG. 5§ for normal power operation of the en-
gine, a peripheral cavity 54 of the valve member places the
output of the fuel pump 52 in communication with a passage
55 for supplying fuel to the various injectors 50. When the
solenoid 44 is energized, however, the valve member 48 is
rotated to an alternate position indicated by dotted lines
which cuts off the passage 55 and places the peripheral cavity
54 of the valve member in position to direct the output of the
fuel pump 52 to a low pressure return passage 56 thereby ter-
minating combustion in the various engine cylinders.

If the vehicle engine incorporates an ignition system, the
solenoid 44 could be used to open the ignition circuit and thus
automatically promote safety in the event of a crash.

Each of the exhaust valves 58 of the various cylinders of the
engine is biased to a closed position by the usual valve spring
60 and is periodically opened by a corresponding rocker arm
62. In the usual manner, the rocker arm is actuated by a cor-
responding cam 64 on a cam shaft 65, the cam cooperating in
the usual manner with a follower 66 on the lower end of a push
rod 68.

For the purpose of holding the various exhaust valves 58 in
partially open position in the periods in which they are nor-
mally closed, an eccentric 70 corresponding to each exhaust
valve is mounted on a shaft 72 that is controlled by an operat-
ing arm 74. Normally each of the eccentrics 70 is in a rotary
position to provide adequate room for normal operation of the
corresponding rocker arm 62. Whenever the contact 30 is
energized by the switch arm 22, however a circuit is closed
through a solenoid 75 that is connected by a link 76 to the
operating arm 74 and the energized solenoid rotates each of
the eccentrics 70 to a rotary position that blocks the return
movement of the corresponding rocker arm 62. In this
manner, each of the exhaust valves 58 is held continuously
open to a predetermined degree as long as a braking action by
the engine is desired.

The third contact 32 serves to energize a solenoid 78
that is connected by a link 80 to an opening arm 82, the
operating arm being connected as indicated by the dotted line
85 to a butterfly valve 84 in the exhaust manifold. Normally
the butterfly valve 84 is in the open position shown in FIG. §
to permit free outflow from the exhaust manifold 34. When-
ever the solenoid 78 is energized, however, the butterfly valve
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is swung sufficiently towards a closed position to restrict the
outflow from the exhaust manifold’ sufficiently to create a
back pressure of approximately 20 p.s.i.

From the foregoing description it is apparent that the switch
arm 22 in combination with contact 28, solenoid 44 and valve
48 constitutes a first control means to terminate combustion
* in the engine; the switch arm in combination with contact 30,
solenoid 75 and eccentric 70 constitutes a second control
means to hold the exhaust valves partially open; and the
switch arm in combination with contact 32, solenoid 78 and
butterfly valve 84 constitutes a third control means to create
back pressure in the exhaust manifold. It is also apparent that
the throttle pedal 24 is a master control to which the first,
second and third control means respond.

The manner in which the braking system functions for its
purpose may be readily understood from the foregoing
description of FIG. 5. It is apparent that if the dash switch 35 is
closed and at the same time the clutch is engaged and the
transmission is out of neutral, the switch arm 22 will be ener-
gized for cooperation with the three contacts 28, 30 and 32. If
the throttle pedal 24 is permitted to retract from its idling
position sufficiently to place the switch arm 22 at its No. 1
position, combustion in the vehicle engine is terminated to
create the light braking effect that is indicated by curve 16 in
FIG. 4. If the throttle pedal is permitted to retract further to
place the switch arm 22 at its No. 2 position, the switch arm
continues to cooperate with the contact 28 to prevent com-
bustion in the cylinders of the engine and at the same time
cooperates with contact 30 to hold all of the exhaust valves at
partially open positions to create the engine braking effect
that is represented by curve 19 in FIG. 4. If the throttle pedal
24 is completely relaxed the switch arm 22 assumes its No. 3
position at which it cooperates with contact 28 to prevent
combustion in the engine cylinders and at the same time
cooperates with contacts 30 and 32 to keep the exhaust valves
partially open and additionally to close the butterfly valve 84.
Thus the result of moving the switch arm 22 to position No. 3
is the engine braking effectiveness that is represented by curve
21inFIG. 4.

It is apparent that the engine braking action is automatic in
the sense that the braking effect is automatically created
whenever the driver releases pressure on the throttle pedal to
decelerate the vehicle. Since the driver has the choice of three
different degrees of braking effectiveness he can drive the
truck efficiently with a degree of retardation that is ap-
propriate for any particular situation. Since the braking action
by the engine is automatic the driver is caused to rely primari-
ly on engine braking. The conventional mechanical brakes are
held in reserve for emergencies and overheating of the
mechanical brakes on long runs downgrade is avoided. If the
driver becomes disabled for any reason or if the driver is
dislodged from the driver’s seat in an accident, the engine
braking system operates instantly with maximum effect.

As heretofore pointed out, the three degrees of braking ac-
tion correspond to the curves 16, 19 and 21 in that order in
FIG. 4. If it is desired to change this sequence, it is merely
necessary to change the wiring connections to the three con-
tacts 28, 30 and 32. For example, FIG. 6 shows the contact 30
connected to solenoid 78 instead of being connected to the
solenoid 75 that shows the contact 32 connected to the sole-
noid 75 instead of being connected to the solenoid 78. With
this new wiring arrangement, placing the switch arm 224 at its
No. 2 position closes the butterfly valve 84 to create the brak-
ing effect represented by curve 17 in FIG. 4 instead of the
braking effect represented by curve 19.

FIG. 7 indicates the construction of another embodiment of
the invention in which the engine braking action is obtained
solely by holding the exhaust valves of the cylinders partially
open. The switch arm 22b in FIG. 7 is shown at the idling posi-
tion of the throttle pedal. The switch arm 22b may be
retracted to position No. 1 where the switch arm cooperates
with contact 86 to energize the previously mentioned solenoid
44 for terminating combustion in the engine. The switch arm
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22b may be further retracted to position No. 2 where the
switch arm not only cooperates with contact 86 but also
cooperates with contact 88 to energize the previously men-
tioned solenoid 75 for holding the various exhaust valves in
partially open position.

FIG. 8 indicates the construction of still another embodi-
ment of the invention in which the switch arm 22c is shown at
the idling position. The switch arm 22¢ may be retracted to
position No. 1 where it cooperates with a contact 90 to ener-
gize the solenoid 44 for terminating combustion in the engine.
When the switch arm 22c is retracted to the limit position
which is designated position No. 2, the switch arm not only
cooperates with the contact 90 but also cooperates with a con-
tact 92 to energize the solenoid 75 for holding the exhaust
valves partially open and cooperates with a third contact 94 to
energize the previously mentioned solenoid 78 to close the
butterfly valve 84.

The arrangement shown in FIG. 5 includes a normally open
switch 95 which may be omitted if desired. This switch is
within convenient reach of the driver and when closed shunts
the gear shift switch 38 to make the gear shift switch ineffec-
tive. The advantage of providing switch 95 is that the driver
may close it temporarily to make it easy to change gears for
acceleration up a grade. To carry out such a gear shift, the
driving and driven gears in the transmission must be
synchronized by deceleration of the engine and in the opera-
tion of a conventional diesel truck the engine decelerates so
gradually that too often the vehicle loses too much momentum
before the gear shift can be made. With switch 95 closed, the
driver may release the throttle pedal and place the gears in
neutral to permit prompt deceleration of the engine by the en-
gine braking systern. When the engine decelerates sufficiently
for the synchronism of the desired gears, the driver makes the
gear change and then may restore the switch 95 to its normal
open position.

My description of the presently preferred practice of the in-
vention will suggest various changes, substitutions and other
departures from my disclosure within the spirit and scope of
the appended claims.

I claim:

1. A method of operating an internal combustion engineof a
vehicle to absorb power for braking action, wherein the en-
gine has a plurality of cylinders with a corresponding set of in-
take valves and a corresponding set of exhaust valves, said
method being characterized by the steps of:

terminating combustion in said cylinders for a braking

period; and

opening ports of the respective cylinders to communication

with the atmosphere for flow of gaseous fluid
therethrough during at least portions of both the com-
pression and expansion strokes of the pistons in the cylin-
ders.

2. A method as set forth in claim 1 in which the step of
opening ports of the cylinders is carried out by holding at least
one of said sets of valves at least partially open.

3. A method as set forth in claim 2 in which the exhaust
valves are held partially open and which includes the further
step of restricting outflow from the exhaust manifold without
completely cutting off the outflow during at least a portion of
said braking period to create back pressure in the manifold.

4. A method of operating an internal combustion engine of
a vehicle to absorb power for braking action, wherein the en-
gine has a plurality of cylinders with corresponding intake
valves and exhaust valves, said method being characterized by
the steps of:

terminating combustion in said cylinders for a braking

period; and i
preventing complete closure of one of said sets of valves
throughout the braking period.

5. A method as set forth in claim 4 in which each valve of
said one set is operated by a corresponding rocker arm and
which includes the step of blocking full return movement of
the various rocker arms.
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6. In a vehicle powered by an internal combustion engine
having cylinders with corresponding pistons and having a set
of intake valves and a set of exhaust valves in communication
with an exhaust manifold, the improvement for operating the
engine as a brake for the vehicle, comprising:

first control means to terminate combustion in said cylin-

ders for a braking period; and

second control means to hold the valves of at least one of

said sets partially open during at least portions of both the
compression and expansion strokes of the corresponding
pistons during the braking period.

7. An improvement as set forth in claim 6 in which said
second control means is constantly effective during the brak-
ing period to keep the exhaust valves from completely closing.

8. An improvement as set forth in claim 6 which includes a
master control movable from a non-braking position to a first
position and beyond that to another position,

said first control means being operable in response to move-

ment of the master control out of said braking position to
said first position and said another position.

9. An improvement as set forth in claim 8 in which said en-
gine has a throttle and said throttle constitutes the master con-
trol;

and in which the throttle is movable through a range of posi-

tions for different rates of fuel flow to the engine and is
retractable from said range,

said first and second control means being responsive to

retraction of the throttle from said range.

10. The improvement as set forth in claim 6 in which said
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and in which said second and third control means are
responsive to movement of said master control from the
non-braking position to said second position.

15. In a vehicle powered by an internal combustion engine
through a clutch and a transmission, said engine having a
throttle and a plurality of cylinders with corresponding ex-
haust valves in communication with an exhaust manifold,

the improvement for operating the engine as a brake, com-

prising:

said throttle having a range of movement for supplying fuel

to the engine at different rates and being retractable from
said range to first, second and third retracted positions
in aretracted range of positions;

first control means to terminate combustion in said cylin-

ders for a braking period;

second control means to prevent complete closure of said

exhaust valves during the braking period; and

third control means to restrict outflow from said exhaust

manifold thereby to create back pressure in the manifold
during the braking period,

said first control means being responsive to retraction of the

throttle into said retracted range,
one of said second and third control means being responsive

to retraction of the throttle from said first position to said
second and third positions,

the other of said second and third control means being
responsive to retraction of the throttle to said third posi-
tion.

16. A method of operating an internal combustion engine of

second contro} means blocks closing movement of the set of 30 2 vehicle to absorb power for braking action, wherein the en-

valves in opposition to the springs of the set of valves.

11. An improvement as set forth in claim 10 in which each
of said valves of the one set of valves is normally depressed to
open position by a cam-actuated rocker arm in opposition to
the valve spring;

and in which said blocking means blocks the return move-

ment of the rocker arm.

12. An improvement as set forth in claim 11 in which said
blocking means comprises a rotary eccentric.

13. An improvement as set forth in claim 6, said second
control means holds the exhaust valves partially open and
which includes a third control means to restrict outflow from
the exhaust manifold without completely cutting off the out-
flow during the braking period thereby to create back pressure
in the exhaust manifold.

14. An improvement as set forth in claim 13 which includes
a master control movable from a non-braking position to first
and second braking positions in sequence;

in which said first control means is operable in response to

movement of said master control from said non- brakmg
position to said first and second positions;
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gine has a plurality of cylinders with corresponding pistons,
said method characterized by the steps of:

terminating combustion in said cylinders for a braking

period; and

venting the respective cylinders to the atmosphere during at

least portions of both the compression and expansion
strokes of the pistons in the cylinders,

the venting being restricted for dissipation of power by com-

pression of gaseous fluid in the cylinders by the pistons.

17. A method as set forth in claim 16 wherein the cylinders
are vented into an exhaust manifold and which includes the
further step of restricting outflow from the exhaust manifold
without completely cutting off the outflow during at least a
portion of said braking period to create back pressure in the
manifold.

18. A method as set forth in claim 16 in which the cylinders
are vented to the atmosphere during at least final portions of
the compression strokes of the pistons in the cylinders and
during at least initial portions of the expansion strokes of the

50 pistons in the cylinders.
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